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Hypothesis building by plant metabolomic analysis

Oliver Fiehn
Max-Planck-Institute of Molecular Plant Physiology, Potsdam, Germany
Now that the complete Arabidopsis genome sequence is available, functional genomics aims to assign functions to
the encoded plant genes by accurately determining the resulting phenotypes. One way to do so is by assigning ‘molecular
phenotypes’, i.e. quantifying the regulation of levels of mRNA, proteins, or metabolites with respect to genetic or
environmental changes.
Metabolites can be regarded as end products of genes precisely defining the net result of all cellular regulation
processes. Therefore, comprehensive analysis of the metabolome might enable an in-depth understanding of the
biochemical response upon genetic perturbations. Several thousands of metabolites may appear simultaneously in
Ararbidopsis plants. Methods for sample preparation are compared, and examples are given for metabolomic profiles
from different plant species. By use of mass spectrometry, over 1,000 metabolites are currently detectable from a single
Arabidopsis leaf, with 50 samples analysed per day. Whereas GC/TOF MS proves to be highly advantageous concerning
speed, resolution, and reliability of data acquisition, identification of unknown compounds is easier to achieve by LC/
MS/MS. Different concepts for finding, identifying, quantifying, and normalizing metabolites in raw data files are
presented, with special emphasis on routine processes.
Therefore, the bottleneck of metabolomic analysis is not data acquisition, but sample preparation and data analysis.
The application of bioinformatic tools is exemplified by the analysis of metabolomic data sets gained from Arabidopsis
mutants, and crosses between wild type accessions. Statistics, web based databanks, supervised and non-supervised
learning algorithms, correlation analysis, and network generation is used to generate novel hypotheses on plant metabolism,
including efforts to link metabolomic data back to genomic information.
Potential applications of metabolomic analysis in plant biotechnology might include metabolic engineering or assessing
the ‘substantial equivalence’ of GMO foods. For better understanding of regulatory networks in general, as well as
interactions with protein and gene regulation, metabolomic analysis will be a further key stone to in silico descriptions
of Arabidopsis plants, complementary to transcriptomic and proteomic phenotyping.
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A Fast Neutron Deletion Mutagenesis-based Reverse Genetics System for Plants
1

Xin Li , Yujuan Song1, Karen Century 1,2, Shelly Straight1, Michael Lassner3, and Yuelin Zhang1
1
Maxygen-Davis, 1105 Kennedy Place, Suite 5, Davis, CA 95616; 2Present Address: DNA Plant Technology,
6701 San Pablo Avenue, Oakland, CA 94608; 3Maxygen, Inc., 515 Galveston Drive, Redwood City, CA 94063
A new reverse genetics method has been developed to identify and isolate deletion mutants for targeted plant genes.
Deletion mutant libraries are generated using fast neutron bombardment. DNA samples extracted from the deletion
libraries are used to screen for deletion mutants by polymerase chain reaction (PCR) using specific primers flanking the
targeted genes. By adjusting PCR conditions to preferentially amplify the deletion alleles, deletion mutants were identified
in pools of DNA samples with each pool containing DNA from 2,592 mutant lines. Deletion mutants were obtained for
greater than 80% of targeted loci from an Arabidopsis population of 51,840 M2 families. A large number of deletion
mutants have been identified and multiple deletion alleles are often recovered for targeted loci. By isolating deletion
mutants for genes with a wide range of sizes, we demonstrated that the method is very useful for targeting small genes.
In addition, we have showed that it is possible to find deletion mutants mutating two or three tandem homologous genes.
Data on molecular and phenotypic analysis of these mutants will be presented. We also showed that it is possible to
apply this method to plant species other than Arabidopsis by isolating a deletion mutant for a rice gene using a similar
approach. Since fast neutron mutagenesis is highly efficient, it is practical to develop deletion mutant populations with
more complete coverage of the genome than methods based on insertional mutagenesis. Because fast neutron mutagenesis
is applicable to all plant genetic systems, this method has the potential to enable reverse genetics for a wide range of
plant species.
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Construct Design for Efficient, Effective and High Throughput Gene Silencing in
Plants

Varsha Wesley*, Chris Helliwell*, Neil Smith*, MingBo Wang, Dean Rouse, Qing Liu, Paul Gooding, Surinder Singh,
David Abbott, Peter Stoutjesdijk, Simon Robinson, Andrew Gleave+, Allan Green, and Peter Waterhouse
CSIRO Division of Plant Industry, GPO Box 1600, ACT 2601, Australia. (email: v.wesley@pi.csiro.au)
Post-transcriptional silencing of plant genes using antisense or co-suppression constructs usually results in only a
modest proportion of silenced individuals. Recent work has demonstrated the potential for constructs encoding selfcomplementary “hairpin” RNA (hpRNA) to efficiently silence genes (Smith et al., Nature 2000, 407, 319-320). In this
study we examine design rules for efficient gene silencing both in terms of the proportion of independent transgenic
plants showing silencing and the degree of silencing. Using hpRNA constructs containing sense/antisense arms ranging
from 98 to 853 nts gave efficient silencing in a wide range of plant species and inclusion of an intron in these constructs
had a consistently enhancing effect. Intron-containing constructs (ihpRNA) generally gave 90-100% of independent
transgenic plants showing silencing. The degree of silencing with these constructs was much greater than that obtained
using either co-suppression or antisense constructs. We have made a generic vector, pHANNIBAL, that allows a simple,
single PCR product from a gene of interest to be easily converted into a highly effective ihpRNA silencing construct. We
have also created a high-throughput vector, pHELLSGATE, that should facilitate the cloning of gene libraries or large
numbers of defined genes, such as those in EST collections, using an in vitro recombinase system. This system may
facilitate the large-scale determination and discovery of plant gene functions in the same way as RNAi is being used to
examine gene function in C. elegans (Fraser et al., Nature 2000, 408, 331-336).
* These authors have contributed equally to this work. + HortResearch, Mt Albert Research Centre, Private Bag 92 169, Auckland, New
Zealand
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Sulfolipid Biosynthesis: The joining of sulfur, sugar, and lipid metabolism to produce
a unique anionic sulfolipid in thylakoid membranes of Arabidopsis thaliana

Sherrie Sanda, Bin Yu, Christoph Benning
Michigan State University
Sulfoquinovosyl diaclyglycerol (SQDG) is commonly found in the photosynthetic membranes of higher plants and
bacteria, is one of the most abundant sulfur-organic compounds on earth, is an excellent detergent, and has prospects as
anti-viral and anti-cancer agents. The sulfolipid biosynthetic pathway in Arabidopsis thaliana has been elucidated and is
composed of two unique enzymes: UDP-SQ synthase (SQD1) and UDP-SQ:DAG sulfoquinovosyltransferase (SQD2).
The SQD1 gene has been cloned, expressed, and the protein has been crystalized. Enzyme assays have identified the
source of the sulfur donated to create the sulfonic acid (Sanda et al., 2001 J Biol Chem 276: 3941-3946; Mulichak et al.,
1999 PNAS 96: 13097-13102). SQD1 synthesizes UDP-sulfoquinovose in the chloroplast utilizing UDP-glucose and
sulfite, the product of APS reductase from the sulfate reducing pathway. Enzymatic parameters have been established
and site directed mutagenesis has exemplified the reaction mechanism to be similar to members of the short chain
dehydrogenase/reductase family. SQD2 has recently been cloned from Arabidopsis and consists of a membrane bound
glycosyl transferase which transfers sulfoquinovosyl onto diacylglycerol. T-DNA insertional inactivation of SQD2 in
Arabidopsis results in plants with no detectable SQDG. Co-expression of SQD1 and SQD2 in E. coli leads to reconstitution
of SQDG biosynthesis in this bacterium. These results establish a complete pathway for the production of sulfolipid in
chloroplasts.
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Drastically altered xyloglucan structure in the arabidopsis cell wall mutant mur3

Michael Madson1,a, Christophe Dunand2,a,b, Rajeev Verma2, Gary F. Vanzin2, Jeffrey Caplan2, Nick Carpita1, and WolfDieter Reiter2
1
Department of Botany and Plant Pathology, Purdue University, West Lafayette, IN 47907-1155; 2Department
of Molecular and Cell Biology, University of Connecticut, Storrs, CT 06269-3125
Xyloglucans are the principal cross-linking glycans in the primary cell walls of most flowering plants. The physical
interaction between xyloglucans and cellulose microfibrils is a major biophysical determinant of cell wall architecture
and its alteration during cell growth. With few exceptions, xyloglucans contain fucosylated trisaccharides attached at
regular positions along the glucan backbone, and several hypotheses have been forwarded to explain their function, such
as efficient binding of xyloglucan to cellulose or oligosaccharide-mediated regulation of hormone-induced growth.
Xyloglucan from the arabidopsis cell wall mutant mur3 lacks the fucosyl-galactosyl side chain normally attached to a
xylose residue leading to a greatly simplified polysaccharide structure. Positional cloning of the MUR3 gene revealed
that it encodes a type II membrane protein similar to Golgi-localized glycosyltransferases. MUR3 protein expressed in
a mammalian cell line was able to galactosylate xyloglucan from mur3 plants indicating that it functions as a
galactosyltransferase specific for the third xylose residue within the XXXG unit of xyloglucans. Despite the synthesis of
a severely altered xyloglucan, the morphology of the plants and cell structure appear indistinguishable from wild-type.
Furthermore, the strength of the primary cell wall in elongating inflorescence stems was the same in wild type and
mutant plants. These data cast serious doubts on the proposed role of the xyloglucan trisaccharide side chain for cell wall
assembly and the generation of signal molecules. They also illustrate that plants are surprisingly tolerant to drastic
changes in major cell wall polysaccharides with interesting implications for plant biotechnology. Supported by NSF
grant MCB-9728779 (to W.-D. R.) and a grant from the USDA-NRICGP (to N.C.).
(a) The first two authors contributed equally to this work. (b) Current address: Department of Cellular Biology, University of Geneva, Sciences
III, 1211 Geneva 4, Switzerland.
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S-Adenosylmethionine is a Likely Effector for the Feedback Regulation of the CGS
mRNA Stability of Cystathionine γ -Synthase

Hitoshi Onouchi, Yukako Chiba, Ryoko Sakurai, Mari Ishikawa, Kimihiro Ominato, Satoshi Naito
Graduate School of Agriculture, Hokkaido University
Through a course of studies with Arabidopsis mto1 mutants that overaccumulate soluble methionine (Met), we have
shown that expression of cystathionine γ-synthase (CGS), the key enzyme in methionine (Met) biosynthesis, is regulated
at the level of mRNA stability in response to Met or its metabolites in Arabidopsis, and that an amino acid sequence
encoded by the first exon of the CGS gene has an important role for this regulation [Chiba et al. (1999) Science 286:
1371-1374]. In transfection experiments with Arabidopsis callus, exogenously applied Met showed a stronger effect on
the regulation than exogenously applied S-adenosylmethionine (SAM), the first product of Met metabolism. However,
this might be due to a difference of efficiency of incorporation into cells between Met and SAM. We developed an in
vitro assay system with wheat germ extracts to explore the effector of the regulation of CGS mRNA stability. In contrast
to the transfection experiments, SAM showed a much stronger effect on the regulation than Met in experiments using
the in vitro assay system. This result suggests that a metabolite of Met is the effector rather than Met itself and that, in the
transfection experiments, exogenously applied Met worked after being converted to its metabolites. Effect of Sadenosylhomocysteine (SAH), a next product of SAM in the Met metabolism, was also tested using the in vitro assay
system. SAH showed no effect on the regulation. Therefore, so far, SAM is the best candidate for the effector of the
regulation of the CGS mRNA stability.
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Integration of sugar-sensing and plant hormone signalling pathways in the
regulation of starch biosynthesis in Arabidopsis

Fred Rook, Fiona Corke, Roderick Card, Caroline Smith, Michael Bevan
John Innes Centre, Norwich, U.K.
Plants both produce and utilise carbohydrates and have developed mechanisms to regulate their sugar status and coordinate carbohydrate partitioning. High sugar levels result in a feedback inhibition of photosynthesis and an induction
of storage processes. We used a genetic approach to isolate components of the signalling pathway regulating the induction
of starch biosynthesis. The regulatory sequences of the sugar inducible ADP-glucose pyrophosphorylase subunit ApL3
were fused to a negative selection marker. Of the four impaired sucrose induction (isi) mutants described here, two (isi1
and isi2) were specific to this screen. The other two mutants (isi3 and isi4) showed additional phenotypes associated
with sugar-sensing screens that select for seedling establishment on high sugar media. The isi3 and isi4 mutants were
found to be involved in the abscisic acid signalling pathway. Isi3 is allelic to abscisic acid insensitive4 (abi4), a gene
encoding an Apetala2 type transcription factor. Isi4 is allelic to glucose insensitive1 (gin1) and these mutants were
identical to the ABA biosynthetic mutant aba2, which was found to encode a short-chain dehydrogenase/reductase.
Expression analysis showed that ABA is unable to induce ApL3 gene expression by itself, but greatly enhances ApL3
induction by sugar. Our data suggest a major role for ABA in relation to sugar signalling pathways in that it enhances the
ability of tissues to respond to subsequent sugar signals.
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Starch in excess: What affects the Arabidopsis thaliana mutant sex1?

Kofler H., Hille D., Fischer K. L., Häusler R. E., Flügge U.-I. and Weber A.
University of Cologne, Institute of Botany II, Gyrhofstr. 15, 50931, Cologne, Germany
Starch is the major storage carbohydrate in higher plants and is used as a raw material for processing food,
pharmaceutics, cosmetics, paper and plastics. While plant starch biosynthetic pathways are well characterised, our
understanding of starch degradation is rather incomplete. Mutants selected for a high starch content after prolonged dark
periods provide excellent tools to study the diurnal turnover of starch. One important mutant of this starch excess type is
the Arabidopsis thaliana sex1 mutant. The EMS mutagenised allele sex1-1 (= TC265) accumulates three to five times as
much leaf starch compared to the corresponding wild-type (Caspar et al., 1991). This mutant is impaired in the mobilisation
of assimilatory starch at night and was supposed to be defect in the plastidic glucose translocator pGlcT (Trethewey and
ap Rees, 1994a, b). Recently, the putative chloroplast hexose transporter was isolated and characterised (Weber et al.,
2000). Surprisingly, the sex1-1 mutant phenotype could not be complemented by introducing a wild-type copy of the
spinach pGlcT gene. By mapping the sex1-1 locus and cloning the corresponding gene, sex1-1 turned out to be defective
in a gene that encodes a protein with significant homology to the reversibly starch-granule binding protein R1 from
potato (Lorberth et al., 1998). This protein influences the degree of starch phosphorylation in leaves and tubers of potato
(Lorberth et al., 1998). A downregulation of R1 in potato led to a strong reduction of the amount of phosphate of
amylopectin (Lorberth et al., 1998). However, the precise reaction catalysed by R1 is still under investigation.
Caspar T., Lin T.-P., Kakefuda G., Benbow L., Preiss J., Somerville C. (1991); Plant Physiol. 95: 1181-1188. Lorberth R., Ritte G., Willmitzer
L. and Kossmann J. (1998); Nature Biotech. 16: 473-477. Trethewey R. N., ap Rees T. (1994a); Biochem. J. 301: 449-454. Trethewey R. N.,
ap Rees T. (1994b); Planta 195: 168-174. Weber A., Servaites J. C., Geiger D. R., Kofler H., Hille D., Gröner F., Hebbeker U. and Flügge U.I. (2000); Plant Cell 12: 787-801.
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Developmental Regulation of Flavonoid Biosynthesis and Compartmentation in
Arabidopsis Seed Coat

Debeaujon I.1, Nesi N.1, Jond C.1, Baudry A.1, Koornneef M.2, Caboche M.1, Lepiniec L.1
1
Laboratory of Seed Biology, INRA, Route de Saint-Cyr, 78026 Versailles cedex, France; 2Laboratory of
Genetics, Wageningen University, Dreijenlaan 2, 6703 HA Wageningen, The Netherlands
Seed coat flavonoids, particularly condensed tannins (proanthocyanidins) and flavonols, have an important impact
on seed quality, considering both agronomic and nutritional aspects. Engineering flavonoid metabolism specifically in
seed coats is therefore attractive, but a preliminary requirement for this is a thorough understanding of how the biosynthesis
and compartmentation of flavonoids are genetically controlled. Our laboratory has been taking a mutant approach based
on a visual screening of seed color to identify genes involved in the flavonoid biosynthesis pathway. Until now, the
Versailles T-DNA transformant collection has yielded 23 seed pigmentation mutants representing 14 different loci.
Recently, 8 additional mutants were isolated and are being characterized genetically. In the framework of a reverse
genetics approach, we will take benefit from the Versailles FST (Flanking Sequence Tag) collection to look for mutants
in genes of the flavonoid pathway which sequence is known. T-DNA-tagged alleles of TT8 and TT2 enabled the cloning
of the genes that encode transcription factors of the bHLH type and of the MYB type, respectively. These genes were
shown to regulate the flavonoid late biosynthetic genes DFR, BAN and TT12 in siliques. The TT12 gene was also cloned
and encodes a putative flavonoid transporter that might direct flavonoids to the vacuole of endothelial cells. The molecular
characterization of 2 other genes, exhibiting a significant protein sequence homology with a transcription factor and a
UDP-glucose:sterol glucosyltransferase, respectively, is in progress. Yeast two-hybrid assays are underway to assess
whether the TT8 and TT2 regulatory proteins interact with each other, and with the TTG1 protein. In parallel, the
functional analysis of promoters from some flavonoid biosynthetic genes has been undertaken, using both the GUS
reporter gene for expression in planta and the yeast one-hybrid system to look for factors interacting with these promoters.
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Biochemical evidence for a role of the COP1 interacting protein 8 (CIP8) in
ubiquitination of the HY5 transcription factor

Christian S. Hardtke1, Haruko Okamoto and Xing-Wang Deng
Dept. Mol., Cell. & Dev. Biology, Yale University
The Arabidopsis transcription factor HY5 is a positive regulator of seedling photomorphogenesis. HY5 protein
strongly accumulates in response to light stimulus. Targeted degradation via the proteasome pathway has been shown to
be the likely mechanism that keeps HY5 levels low in the dark. HY5 physically interacts with COP1, a negative regulator
of photomorphogenesis. Degradation of HY5 depends on the presence of COP1, and consistently COP1 is nuclear
localized only in darkness. Based on these observations, it has been suggested that COP1 targets HY5 for degradation
via the proteasome pathway. In particular, the presence of multiple protein interaction domains in COP1 qualifies it as a
possible component of an E3 ubiquitin ligase complex, which presumably promotes HY5 ubiquitination in the dark.
Recently, RING-H2 proteins have been found to be associated with protoypical E3 ubiquitin ligases in vivo. In vitro,
these RING-H2 components have been found to promote E2 ubiquitin conjugating enzyme dependent ubiquitination of
respective target proteins. A RING-H2 protein, CIP8, has previously been characterized as an interaction partner for the
RING finger domain of COP1. We thus tested, whether CIP8 can act in a similar E2 dependent fashion in promoting
ubiquitin attachment to HY5 in vitro. This is indeed the case, and detailed biochemical evidence to support a role of
CIP8 in HY5 ubiquitination will be presented.
1

current address: McGill University, Dept. of Biology, 1205 Dr. Penfield Ave., Montreal, Quebec, Canada H3A 1B1
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Arabidopsis TOUSLED protein kinase function in nuclear events.

Hashimul Ehsan 1, Mitchell Bowen 1, Jean Philippe Reichheld 2, Leila Nyberg 1, Judith L. Roe 1
1
Kansas State University, 2 Universite de Perpignan, France
The TOUSLED(TSL) gene encodes a nuclear serine/threonine protein kinase, which is essential for the proper
morphogenesis of leaves and flowers in Arabidopsis thaliana. Mutations at the TSL locus cause abnormal leaf and flower
development. TSL is a member of a highly conserved TOUSLED-like kinase (TLK) family present in plants and animals.
In humans, Tlk1 and Tlk2 are S-phase nuclear protein kinases that may function during DNA replication [Sillje, H. H.
W., Takahashi, K., Tanaka, K., Van Houwe, G., and Nigg, E. A., EMBO J., 18, 5691-5702 (1999)]. In mouse, subcellular
localization of mTlk2 changes during the cell cycle [Zhang, S., Xing, H., and Muslin, A. J., J. Biol. Chem., 274, 2486524872 (1999)]. In Arabidopsis, a mitotic marker gene (CDB-GUS) shows an abnormal expression pattern in tsl mutants
compared to wild type. To elucidate the putative role of TSL during plant cell division, we determined the expression of
TSL at the protein and transcript level in synchronized Arabidopsis cell suspension cultures and susbsequently its
autophosphorylation activity and activity towards the substrate MBP. The protein and transcript level remain at similar
levels throughout the cell cycle, but the specific activity of the protein kinase changes during various stages of the cycle.
Also, in G2/M, a lower mobility form of TSL appears, which then disappears in G1 and S. We have attempted to find
possible substrates and interacting proteins in Arabidopsis cells, and the preliminary analysis from these experiments
will be discussed, including the description of a myb-family DNA binding protein which interacts with TSL in the twohybrid system.
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TORMOZ is required for orientating cell division planes in early embryo development

Megan E. Griffith and Venkatesan Sundaresan
Institute of Molecular Agrobiology
Precisely orientated cell division planes is a mark of early embryogenesis in Arabidopsis. However, relatively few
plant genes have been identified to be involved with this process. Recently, we isolated a mutant named tormoz(toz-1)
from our Dsgene trap collection that segregates for arrested embryos which show abnormal planes of cell division in the
embryo proper (EP), but not in the suspensor. The zygote of mutant embryos elongates and divides transversely as in
wild type, but further cell division planes of the EP are disrupted. Unlike wild type, all cells in the mutant EP have the
potential to divide longitudinally, transversely or occasionally obliquely. Thus, the plane of division that each cell adopts
bears little relationship to the orientation of the previous division, or that of the neighboring cells. In addition, embryo
arrest may occur at any time, with the most advanced mutant embryos consisting of about 32 cells.
The gene disrupted in the toz-1mutant is predicted to encode a WD-40 repeat containing protein with unknown
function. Through RT-PCR analysis we found that it is not a null mutation. Detailed observations of heterozygous plants
using the GUS fusion from the Dsgene trap show that TOZis expressed in tissues undergoing rapid growth and localizes
to the nucleus. A uniquely conserved gene homologous with TOZis found in many Eukaryotic species including yeast,
insects and humans. Using the TOZhomologue in fission yeast we found that septum formation is not perturbed in null
mutants, but disruptions to nuclear integrity and chromosome structure are observed during cell division. It is therefore
likely that TOZand its homologues perform an essential function during cell division in Eukaryotes. The toz-1mutant
affects divisions of the EP but not the suspensor suggesting that an important aspect of TOZ function is to direct longitudinal
cell divisions in the Arabidopsis embryo.
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Molecular analysis of FVE and PRE: two genes involved in the autonomous flowering
promotion pathway

Carlos Alonso-Blanco, Israel Ausin, Leonor Ruiz-Garcia and Jose Miguel Martinez-Zapater
Departamento de Mejora Genetica y Biotecnologia (INIA) and Departamento de Genetica Molecular de
Plantas (CNB-CSIC). Campus de la Universidad Autonoma de Madrid. Cantoblanco. Madrid 28049. Spain.
The transition from the vegetative to the reproductive phase of a plant is a complex process controlled by multiple
environmental and endogenous factors. The genetic and molecular dissection of this developmental switch in Arabidopsis
has led to the involvement of at least two main flowering promotion pathways: i) the photoperiod promotion pathway,
primarily involved in the photoperiodic induction of flowering and ii) the autonomous flowering promotion pathway
(AFPP). Mutants in the AFPP show altered flowering phenotypes independently of the photoperiod in which plants
grow, and therefore, it is speculated they might identify genes encoding central molecular elements controlling this
process. In the present work we have analysed two mutants involved in the AFPP: i) the late flowering mutant fve, and
ii) precocious (pre), an early flowering mutant largely suppressing the late flowering of fve. FVE has been located in the
middle genomic region of chromosome 2, while PRE has been assigned to the bottom part of chromosome 1. Using
map-based strategies we have isolated both genes, thus providing new molecular pieces that participate in the flowering
induction process.
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Genomic analysis of the floral transition

Oliver J. Ratcliffe, T. Lynne Reuber, and Jose Luis Riechmann
Mendel Biotechnology, Inc., California
Functional genomic analysis of the Arabidopsis transcription factor complement reveals many previously unrecognized
regulators of the floral transition. For example, as part of this study, we identified five additional MADS box factors with
a very high degree of similarity to FLOWERING LOCUS C (FLC), a protein known to be a core regulator of the
vernalization response. Genetic and expression analysis of these additional factors suggests that they likely have a
related role to FLC in the control of flowering time. The large number of transcription factors influencing flowering,
indicates that a significant proportion of plant genomes might directly or indirectly affect the floral transition. Thus, a
true understanding of this crucial decision now requires genome wide analyses to be used in conjunction with the
traditional experimental approaches that focus on individual or small groups of genes.
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The role of the Arabidopsis copper transporter RAN1 in the biogenesis of ethylene
receptors

Fernando I. Rodriguez, Edward Himeblau, Richard M. Amasino and Anthony B. Bleecker
University of Wisconsin-Madison
The characterization of Arabidopsis mutants displaying ethylene insensitivity led to the identification a small family
of proteins consisting of ETR1, ETR2, ERS1, ERS2, and EIN4. Expression of ETR1 and ERS1 in the yeast S. cerevisiae
showed they possess ethylene-binding activity, supporting their role as ethylene receptors. Biochemical studies indicated
that the ethylene-binding domain of ETR1 is contained within the first 128 residues of ETR1. This region shows the
highest degree of sequence identity between all the members of the family. Despite the fact that sequence analysis of
ETR1 did not identify any metal-binding motifs, copper ions enhance ethylene binding in vitro. Furthermore, copper
ions co-purified with the ethylene-binding domain of at a stoichiometry of one copper per ETR1 dimer. This indicates
that ETR1 and its homologues bind ethylene using a novel metal-binding motif. We are interested in identifying the
requirements for the biogenesis of such a unique ethylene-sensing copper-binding motif. A possible role for the copperhomeostasis machinery of Arabidopsis in ethylene perception/signaling is supported by the ethylene-response phenotype
of seedlings with mutations in RAN1 (response to antagonist). RAN1 has sequence similarity to the CPX-type of coppertransporting ATPases typified by the Menkes/Wilson disease proteins from humans and Ccc2p from S. cerevisiae. To
test the hypothesis that RAN1 delivers copper ions to the ethylene receptors, we examined the biogenesis of ETR1 in S.
cerevisiae mutants lacking Ccc2p (∆ccc2+ETR1). The results showed that Ccc2p is essential for the biogenesis of
heterologous ETR1 in S. cerevisiae. Addition of copper or expression of RAN1 from Arabidopsis restored ethylene
binding in ∆ccc2+ETR1 yeast. We have further confirmed the role of RAN1 in the biogenesis of ethylene receptors
analyzing ethylene binding in Arabidopsis seedlings carrying ran1 weak and strong alleles. A similar analysis showed
that CCH1 (copper chaperone 1) is not involved in the biogenesis of ethylene receptors in planta . We present a model
for the mode of action of the different ran1 alleles in ethylene responses.
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BIK1, a potential partner for BRI1 in mediating brassinosteroid signaling

Kyoung Hee Nam and Jianming Li
Department of Biology, University of Michigan, Ann Arbor, MI 48109-1048
Brassinosteroids (BRs) are the only class of plant steroids that play important roles throughout the plant life cycle.
Genetic screens in Arabidopsis for BR-signaling mutants identified BRI1, a leucine-rich-repeat (LRR) receptor-like
kinase, as an essential component in BR signaling. Several recent biochemical and molecular studies confirmed that
BRI1 is a critical component of a membrane BR receptor. To identify other components of this membrane receptor
complex, we performed a yeast two-hybrid screening using the BRI1 kinase domain as a bait and identified several
BRI1-specific interactors. One of them is an LRR-containing receptor-like kinase that was named as BRI1-Interacting
receptor-like Kinase 1 (BIK1). When coexpressed in yeast cells, a full-length BIK1 protein can be co-immunoprecipitated
with a full-length BRI1 protein. GUS staining with BIK1-GUS transgenic plants indicated that BIK1 is expressed mainly
in young root tips and expanding young leaves, while BIK1:GFP fusion protein analysis showed that BIK1 is localized
on the plasma membrane. Transgenic plants overexpressing BIK1 gene showed narrow leaves with elongated petiole,
reminiscent of phenotypes of BRI1 overexpressing lines. In contrast, a T-DNA inserted bik1 knockout mutant displayed
compact rosette with rounded leaves and short petioles, resembling weak bri1 mutants. Thus, BIK1 might function as a
partner for BRI1 to mediate BR signaling critical for plant growth. Further studies demonstrating a direct interaction
between BIK1 and BRI1 in plant cells are in progress.
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Auxin Action Requires SCFTIR1-Dependent Degradation of the Aux/IAA Proteins

William Gray and Mark Estelle
The University of Texas at Austin, Austin, TX.
Genetic and biochemical studies have shown that auxin action depends upon the function of a ubiquitin-protein
ligase (E3) called SCFTIR1. On the basis of these results we have proposed that auxin-response depends on SCFTIR1degradation of one or more negative regulators. The Aux/IAA genes encode nuclear proteins with very short half-lives.
These proteins appear to influence auxin-regulated gene expression, possibly by interacting with members of the ARF
family of transcriptional regulators. Remarkably, dominant mutations in five members of the Aux/IAA gene family;
AXR2/IAA7, AXR3/IAA17, SHY2/IAA3, SLR/IAA14, and IAA28 all result in auxin-related defects. In every case the
mutation results in an amino acid substitution within domain II of the protein. Several studies have shown that these
mutations acts to stabilize the proteins (Worley et al., 2000; Quellet et al., 2001). To investigate the relationship between
SCFTIR1 and the Aux/IAA proteins, we have performed a series of experiments with the AXR2 protein. An AXR2 antibody
was used to show that AXR2 is more abundant in the axr2-1 mutant, consistent with the proposed stabilizing effect of
mutations in domain II of the protein. In addition, AXR2 is more abundant in the tir-1 and axr1-12 mutants compared to
wild type, suggesting that SCFTIR1 regulates AXR2 degradation. To test for interaction with SCFTIR1, purified GST-AXR2
was used to recover interacting proteins from plant extracts. SCFTIR1 was recovered together with GST-AXR2,
demonstrating that AXR2 is associated with the SCF complex. Addition of ubiquitin-activating enzyme (E1) and
conjugating enzyme (E2) to the GST pulldown resulted in ubiquitination of AXR2. In contrast, a version of AXR2
identical to that encoded by the axr2-1 mutant gene did not interact with SCFTIR1 indicating that domain II of the protein
includes residues that are required for interaction with SCFTIR1. It is likely that the dominant mutations in the other Aux/
IAA genes also stabilize the respective proteins by preventing interaction with SCFs. These results indicate that AXR2,
and probably other members of the Aux/IAA family are substrates for SCFTIR1 and related SCF complexes. We propose
a model in which auxin regulates transcription of downstream genes by promoting the degradation of the Aux/IAA
proteins.
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Cytokinin signaling in Arabidopsis thaliana requires the 26S proteasome subunit
RPN12

Jan Smalle1, Jasmina Kurepa1, Peizhen Yang1, Elena Babyichuk2, Sergei Kushnir2, Adam Durski1 and Richard D.
Vierstra1
1
University of Wisconsin-Madison, Madison, USA, 2Universiteit Gent, Vlaams Interuniversitair Instituut
(VIB), Gent, Belgium
The 26S proteasome is essential for many aspects of eukaryotic cell growth and development by degrading important
cell regulators, especially those conjugated with multiple ubiquitins. Bound on both ends of the 20S core protease (CP)
is a multisubunit regulatory particle (RP) that plays a crucial role in substrate selection by a yet unknown mechanism(s).
Here, we show that the RPN12 subunit of the Arabidopsis RP is involved in cytokinin signaling. A T-DNA mutant of
RPN12a displays all the hallmarks of a cytokinin response defect, including a decreased rate of leaf formation, delayed
skotomorphogenesis and decreased sensitivity to exogenous cytokinins. The cytokinin-inducible genes CycD3 and NIA1
are constitutively upregulated in rpn12a-1 suggesting a disruption of feedback-inhibition control. Rpn12a-1 showed
decreased auxin sensitivity as well, further illustrating the close interaction between auxin and cytokinin regulation. TDNA insertion mutations affecting the RP subunits RPN10 and RPN5a did not result in decreased cytokinin sensitivity,
indicating that different subunits of the RP are involved in different regulatory processes. In yeast, RPN12 is necessary
for the G1/S and G2/M transitions of the cell cycle, phases that have been shown to be under cytokinin control in plants.
Collectively, the data suggest that RPN12a as part of the Arabidopsis 26S proteasome controls cytokinin signaling by
specifically affecting the stability of one or more regulatory factors involved in cell division.
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CHROMOMETHYLASE3 is required for maintenance of CpXpG methylation.

Anders M. Lindroth1*, Xiaofeng Cao1*, James P. Jackson1, Daniel Zilberman1, Claire M. McCallum2, Steven
Henikoff2,3, Steven E. Jacobsen1,
1
Department of Molecular, Cell, and Developmental Biology, University of California, Los Angeles, CA 900951606. 2Fred Hutchinson Cancer Research Center, Seattle, WA 98109-1024. 3Howard Hughes Medical Institute.
Cytosine methylation plays a major role in determining the epigenetic expression state of eukaryotic genes. This
methylation is most often found at the symmetrical dinucleotide CG (or CpG sites). CpG methylation is maintained by
the well-studied DNMT1 subfamily of methyltransferases, which includes Arabidopsis MET1. Methylation at sites
other than CpG is also found in many organisms, but the mechanism by which this methylation is maintained is poorly
understood. For unknown reasons, the floral development gene SUPERMAN (SUP) is prone to ectopic hypermethylation
and gene silencing. These epigenetic silenced SUP alleles (called the clark kent alleles) are associated with dense
hypermethylation at non-canonical cytosines (CpXpG and asymmetric sites). We performed a genetic screen for
suppressors of a hypermethylated clark kent mutant, which identified nine loss-of-function alleles of
CHROMOMETHYLASE3(CMT3), a novel cytosine methyltransferase homolog. These cmt3 mutants display a wildtype morphology, but exhibit decreased CpXpG methylation of the SUP gene and of other sequences throughout the
genome. They also show reactivated expression of endogenous retrotransposon sequences. These results show that a
non-CpG DNA methyltransferase is responsible for maintaining epigenetic gene silencing.
*These authors contributed equally to this work.
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Destabilization of Arabidopsis genome by ddm1 (decrease in DNA methylation1)
mutation

Tetsuji Kakutani1, 2, 3, Asuka Miura1, Shoji Yonebayashi2, Koichi Watanabe3, Tomoko Toyama3
1
National Institute of Gentics, 2 National Institute of Agrobiological Resources, 3CREST, JST, Japan
Transposable elements potentially cause extensive genome rearrangements. Methylation of cytosine residues has
been proposed to be a mechanism to suppress the transposons, but the experimental evidence has been limited. Reduced
methylation of repeat sequences results from Arabidopsis mutations in the DDM1 (decrease in DNA methylation) gene,
which encodes a protein similar to the chromatin remodeling factor SWI2/SNF2 (ref 1). A striking feature of the ddm1
mutation is that it induces a variety of developmental abnormalities by causing heritable changes in other loci. One of
the ddm1-induced abnormalities, clam, was caused by insertion of CAC1, a novel endogenous Arabidopsis transposable
element. This class of Arabidopsis elements transposed and increased in copy number at high frequency specifically in
the ddm1 hypomethylation background. Thus the DDM1 gene not only epigenetically ensures proper gene expression
(ref 2), but also stabilizes the genome structure by controlling transposon behavior.
1. Jeddeloh et al. (1999) Nat. Genet. 22, 94-97.
2. Soppe et al. (2000) Molecular Cell 6, 791-802.
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BRU: a gene linking DNA damage responses and transcriptional gene silencing

Zerihun Tadele1, Tesfaye Mengiste1,2, Jerzy Paszkowski1
1
Friedrich Miescher Institut, PO Box 2543, 4002 Basel, Switzerland;2Present address: Syngenta-RTP, 3054
Conwallis Road, Research Triangle Park, NC 27709-2257, USA
From a T-DNA mutagenized Arabidopsis collection, we have identified a mutant with elevated sensitivity to DNA
damaging agents such as methyl methane sulfonate (MMS), mitomycine C (MMC) and UV-C. The mutant is also
altered in the branching pattern that causes brushy like phenotype (hence the name ‘bru’). In addition, bru has flat and
fasciated stems. By crossing bru to marker line for homologous recombination (Swoboda et al., 1994), 4-5 fold increase
of intrachromosomal recombination was observed for bru compared to wild type plants. Transcriptionally silent information
(TSI)is an endogenous marker for transcriptional gene silencing (TGS)(Steimer et al., 2000). TSI is expressed in TGS
mutants but not in wt plants. Surprisingly, TSI is also expressed in bru; hence, bru releases TGS. The methylation level
of the 180 bp pericentromeric repeat is, however, not altered in bru. Since T-DNA insertion was not linked to the bru
mutation, BRU gene was mapped using cleaved amplified polymorphic sequence (CAPS) and simple sequence length
polymorphism (SSLP) markers. The BRU gene structure will be discussed at the meeting. BRU is the first Arabidopsis
gene linking in two processes: DNA damage response and transcriptional gene silencing.
Steimer A., Amedeo P., Afsar K., Franz P., Mittelsten Scheid O., Paszkowski J. (2000). Endogenous targets of Transcriptional gene silencing in
Arabidospsis. Plant Cell 12:1165-1178. Swoboda P., Gal S., Hohn B., Puchta H., (1994) Intrachromosomal homologous recombination in
whole plants. EMBO J. 13:484-489.
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Plant components involved in homologous recombination: A mutant approach

Olivier Fritsch, David Schuermann, Jean Molinier, Jan Lucht, and Barbara Hohn
Friedrich Miescher Institute, Maulbeerstrasse 66, Basel CH-4002, Switzerland.
Homologous recombination is an important process both in meiosis and during somatic development. It is striking
that this process is involved both in genome flexibility, which is important for evolution, and genome stability by
participating in DNA repair processes. Although it was clearly shown that a variety of environmental factors affect the
frequency of somatic recombination events, there is rather poor knowledge about the regulatory cascades involved and
their connections to the recombination process. To address this question, we used a mutant approach as a powerful tool.
We wanted to look more specifically for plant components involved in the regulatory pathways related to homologous
recombination and in the recombination process itself. Using homologous recombination as a marker for genome dynamic,
we established and screened a mutant collection of Arabidopsis thaliana ecotype Columbia for altered recombination
phenotypes in the absence of external stresses. Monitoring somatic recombination phenotypes directly in vivo is one of
the key point for such approach. For this, we used a luciferase reporter line designed for detection of intrachromosomal
recombination harbouring two truncated but partially overlapping segments of the luciferase gene in opposite orientation.
This reporter line was then mutagenised by T-DNA activation tagging, giving rise to a collection of about 20000
independent transformants which were directly screened for dominant recombination-up phenotypes. This first round of
screening yielded 30 candidates with a significant increase in the number of luciferase sectors ranging from 10 to more
than 100 fold. Although in most of the cases the candidate plants and their progeny seem not be developmentaly affected,
several plants displayed dramatic effects ranging from bushy phenotypes to sterile or non viable plants.The genetic
characterisation of the mutations and the molecular analysis of the putatively activated genes are presented. The knowledge
brought by these results might give new powerful insights into the relation between the genome and it’s environment
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Genetic variation in Arabidopsis thaliana and related species

Mitchell-Olds, Thomas
Max-Planck Institute for Chemical Ecology, Jena, Germany
The genus Arabidopsis contains 10 species from Eurasia and North America. These species are genetically diverged
for many aspects of morphology, physiology, breeding system, and cytology. Information from A. thaliana can be
applied to close diploid relatives to address questions in functional and evolutionary genomics. Genetic changes during
speciation and adaptation to environmental conditions will be discussed.
Within the species A. thaliana there is extensive nucleotide polymorphism among ecotypes. We quantified
polymorphism from 400 loci in a diverse sample of ecotypes. These data show strong support for recent population
expansion, and potential for linkage disequilibrium mapping of functionally important natural variation. Genetic variation
in A. thaliana is influenced by Pleistocene history, adaptation to local environmental conditions, human disturbance, and
population expansion.
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Of flowers, branches and TCP genes

Pilar Cubas and José Miguel Martínez Zapater
Departamento de Mejora Genetica y Biotecnologia (INIA) and Departamento de Genetica Molecular de
Plantas (CNB-CSIC). Campus de la Universidad Autonoma de Madrid. Cantoblanco. Madrid 28049. Spain
The TCP genes code for proteins containing a predicted non-canonical basic helix-loop helix domain thought to be
involved in transcriptional regulation: the TCP domain.
Two members of the TCP gene family, CYCLOIDEA (CYC) and TEOSINTE BRANCHED 1 (TB1), have been
implicated in the evolution of key morphological traits. The CYC gene, from Antirrhinum, is involved in the control of
floral dorsoventral asymmetry, a trait evolved relatively late in the history of angiosperms. The TB1 gene controls
developmental switches that contributed to the evolution of maize from its wild ancestor teosinte. Interestingly, both
genes affect axillary structures, flowers in the case of CYC, lateral buds in the case of TB1. Are CYC and TB1 ortholog
genes? How were the ancestral CYC and TB1 genes recruited to carry out these new functions? What was their ancestral
role and what made them suitable to generate new morphological traits? .
We are trying to address these questions in Arabidopsis, a species distantly related both from Antirrhinum and
maize. Arabidopsis has a weak apical dominance -one of the traits controlled by TB1- compared to maize, and Arabidopsis
flowers have no obvious dorsoventral asymmetry. Therefore, we may find, in this species, the ancestral version of CYC/
TB1 before they were co-opted to carry out their new roles.
We have identified several CYC/TB1-like genes and we are currently studying their function by genetic and expression
analyses. Moreover we have identified the complete Arabidopsis TCP family, formed by 24 members that map in all five
chromosomes. TCP genes fall in two subclasses, one related to CYC/TB1 and another one related to the PCFs, rice
transcription factors that bind to the promoter of the Proliferating Cell Nuclear Antigen gene. The evolutionary history
of CYC/TB1 has to be placed in the context of the evolution of this gene family. Phylogenetic and functional analysis of
the other TCP genes is helping us clarify the picture of the evolution and biological function of CYC and TB1 in
angiosperms.
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The effect of R-gene resistance versus susceptibility on infected plants’ fitness

Tonia Korves and Joy Bergelson
University of Chicago
Recent molecular evolutionary analyses of R-gene polymorphisms indicate that susceptible, null R-gene alleles
have been maintained in natural plant populations by selection for very long time periods. This suggests that there is a
cost to R-gene resistance. Costs of resistance are classically thought to involve a reduction in the fitness of resistant
individuals in the absence of enemies. However, another possibility is that resistant individuals are less fit than susceptible
individuals when pathogens are present in some cases. For example, tolerance might be more effective than a metabolically
costly HR and SAR when dealing with a weak pathogen. We investigated the fitness effects of resistance and susceptibility
at RPS2 in Arabidopsis in the presence and absence of intraspecific competition. Columbia wild type (R) and Columbia
rps2 (S) mutant plants were infected with Pseudomonas syringae pv. tomato DC3000 containing avrRpt2, and their
fitness measured. When grown in the absence of competition, RPS2 resistant plants had a lower total seed mass than
RPS2 susceptible plants. In the presence of competition, RPS2 resistant plants had a higher total seed mass than RPS2
susceptible plants. Control resistant and susceptible plants infected with only a mock treatment showed no difference in
total seed mass, suggesting that the resistant and susceptible responses to disease are responsible for the differences in
fitness. We will present evidence that a phenological response to infection by the susceptible plants partly accounts for
the fitness differences observed.
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Molecular Evolution of the Receptor-Like Kinase Family in Arabidopsis

Shinhan Shiu and Anthony B. Bleecker*
Department of Botany and Laboratory of Genetics, University of Wisconsin-Madison, Madison, WI 53706
Signal perception through cell surface receptors is one of the primary mechanisms for living organisms to sense
stimuli and changes in their biotic/abiotic environments. In plants, one of the most abundant classes of cell surface
receptor is the receptor-like kinases (RLKs) with a predicted signal sequence, single transmembrane region, and
cytoplasmic kinase domain. To provide a framework for understanding the function and evolution of RLKs, an analysis
of all RLKs genes in the Arabidopsis genome was conducted. We found that RLKs belong to a large gene family with
more than 610 members, representing 59% of the total ser/thr/tyr kinases and nearly 2.5% of protein coding genes in
Arabidopsis. Based on the phylogeny of kinase domain sequences, the presence or identity of the extracellular domains,
and the intron-exon organizations of all 610 members, RLKs can be classified into at least 35 subfamilies. The members
of each subfamily have similar extracellular domains, suggesting that a single domain fusion event contributed to the
founding of each subfamily. Surprisingly, this structurally defined group of genes is monophyletic with respect to kinase
domains when compared to the other eukaryotic kinase families. This indicates that Arabidopsis RLKs have a single
origin. Moreover, Raf kinases, plant RLKs, and animal receptor tyrosine kinases form a very well supported group
distinct from other kinases in the eukaryotic kinase superfamily, indicating that a single kinase family was ancestral to
receptor kinases in both plants and animals. Interestingly, we found that Pelle kinases, with merely 5 members in the
genomes of fly, worm, and human combined, are the metazoan homologs of plant RLKs. In addition, a survey of
available EST records reveals that mosses, ferns, conifers, monocots and dicots have similar percentages of ESTs
representing RLK/Pelle homologs, suggesting that the size of this gene family may have been close to the present day
level before the diversification of land plant lineages. Based on the distribution patterns of RLKs on the chromosomes
and the kinase phylogeny, we found that tandem and large-scale duplications are two of the major mechanisms contributing
to the expansion of this gene family in Arabidopsis.
*: Corresponding author
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Epigenetic regulation of orthologous genes in Arabidopsis polyploids

Hyeon-Se Lee, Z. Jeffrey Chen
Texas A&M University
The fate of redundant genes resulting from genome duplication is poorly understood. Previous studies indicated that
ribosomal RNA genes from one parental origin are epigenetically silenced during interspecific hybridization or
polyploidization. Regulatory mechanisms for protein-coding genes in polyploid genomes are unknown, partly due to
difficulty in studying expression patterns of homologous genes. Here we apply AFLP-cDNA display to perform a genomewide screen for orthologous genes silenced in Arabidopsis suecica, an allotetraploid derived from Arabidopsis thaliana
and Cardaminopsis arenosa . We identified ten genes that are silenced from either A. thaliana or C. arenosa origin in A.
suecica and located in four of the five A. thaliana chromosomes. These genes represent a variety of RNA and predicted
proteins including four transcription factors such as TCP3. The silenced genes in the vicinity of TCP3 are hypermethylated
and reactivated by blocking DNA methylation, suggesting epigenetic regulation is involved in the expression of orthologous
genes in polyploid genomes. Compared to classic genetic mutations, epigenetic regulation may be advantageous for
selection and adaptation of polyploid species during evolution and development.
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NBS-LRR R gene products: Functional domains and divergent downstream
transcript profiles.

Bent, Andrew
University of Wisconsin - Madison
We are investigating the molecular basis of resistance gene (R gene) function and the signal transduction events that
activate gene-for-gene resistance, HR cell death and other forms of disease resistance. Working with Arabidopsis RPS2,
we have investigated the roles of the nucleotide binding site (NBS) and the leucine-rich repeat (LRR). Our evidence for
nucleotide binding by recombinant RPS2 protein will be presented, along with a functional dissection of allowable
amino acid changes in the NBS of RPS2. In separate studies, we have found that the LRR domain not only determines
pathogen specificity, but can also control effective interaction with other host factors required for resistance. In a third
set of studies, Arabidopsis responses mediated by four different R/avr pairings are being compared by expression profiling
using Affymetrix GeneChips. Expression profiling experiments were replicated directly or with variation. For direct
replication, essentially identical experiments were performed on two separate dates using P. syringae pv. tomato DC3000
to deliver Avr signal. For our first “variation” performed to date, the defense-eliciting Avr signal was delivered to plants
by inoculation with non-virulent but hrp-secretion-competent P. syringae pv. glycinea. These experiments are revealing
reliable and less reliable technical aspects of expression profiling experiments, but are also revealing common and
distinctive aspects of the plant responses elicited during different R/avr interactions.
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Function of RPM1 requires RIN4, a virulence target guarded by RPM1

David Mackey*, Aaron Wiig, Ben Holt, and Jeff Dangl
Department of Biology, University of North Carolina at Chapel Hill, Chapel Hill, North Carolina, USA;
Supported by NSF grant IBN-9724075 to JLD *D. M. is a DOE fellow of the Life Sciences Research
Foundation
RPM1 is an R-gene that confers resistance against Pseudomonas syringae carrying the avirulence (avr) genes avrB
or avrRpm1. We have discovered an unknown Rpm1 interacting protein (Rin4) which interacts, in yeast and in vivo,
with both Rpm1 and AvrB. Rin4 is required for function of Rpm1. Suppression of Rin4 protein-levels by antisense RNA
inhibits the hypersensitive response (HR) normally induced by RPM1. In fact, suppression of Rin4 protein-levels causes
Rpm1 protein-levels to decline. Significantly, suppression of Rin4 does not affect the HR induced by Rps2 in response
to AvrRpt2. Rps2 is structurally very similar to Rpm1 and several mutants have been isolated which influence the
function of both proteins. Rin4 functions prior to the convergence of these pathways and is specific to Rpm1. The guard
hypothesis predicts that an R-protein exists in a complex with a partner protein that is the virulence target of an Avrprotein. Rpm1 is in a complex with Rin4 in uninfected tissue. When expressed in tissue lacking Rpm1, AvrB and
AvrRpm1 enter into a complex with Rin4. AvrB and AvrRpm1 also induce a mobility shift in Rin4. Expression of
AvrRpt2 induces rapid degradation of Rin4. These manipulations of Rin4 by Avr-proteins are likely to underlie the
virulence activity of these proteins. Consistent with its manipulation by virulence factors, Rin4 is a negative regulator of
defense. Reduced levels of Rin4 cause increased resistance against normally compatible isolates of Peronospora parasitica
and Pseudomonas syringae. Rpm1 “guards” Rin4 from manipulation by AvrB and AvrRpm1.
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Role of Atrboh in Defense Response and Programmed Cell Death

Miguel Angel Torres1, Jonathan D.J. Jones 2, Jeff L. Dangl 1
1
UNC-Chapel Hill, 2 Sainsbury Laboratory
Different mechanisms have been hypothesized as a putative source of reactive oxygen intermediates (ROI) observed
early in the plant defense response. However, the ultimate origin of this ROI remains elusive. Our goal is to address,
using functional genomics tools, the functions of the Atrboh, the Arabidopsis NADPH oxidase gp91phox gene family. The
hypothesis to be tested is that members of this gene family control ROI production during defense response and in
several developmental contexts. We analyzed mutant lines in the two highest expressed Atrboh genes D and F. Specific
stains for ROI show that AtrbohD and F are responsible for most of the ROI observed during incompatible interactions
with the bacteria Pseudomonas syringae and the oomycete pathogen Peronospora parasitica. Whereas defense response
is not greatly affected in these mutant lines, they display altered cell death when compared to the wild type. A decrease
in electrolytic leakage is observed in these lines after P. syringae DC3000 (avrRpm1) inoculation. An enhanced cell
death phenotype occurs after infection of the mutant lines with a P. parasitica race that displays partial resistance.
Paradoxically, although AtrbohD contribution to total ROI production is greater than AtrbohF, individual mutant Atrbohf
displays strongest effect on cell death.
Funded by NIH grant RO1 GM57171-03 and NSF grant IBN-0077887 to JLD.
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Specificity in The Glucosinolate/Myrosinase System Regulates Defense Against
Insect Herbivores

Daniel J Kliebenstein, Virginia M Lambrix, Michael Reichelt, Deana Pedersen, Jonathan Gershenzon, and Thomas
Mitchell-Olds
Max Planck Institute for Chemical Ecology
Glucosinolates are naturally occurring thioglycosides that are hydrolyzed upon tissue damage by the endogenous
thioglucosidase, myrosinase. Hydrolysis of glucosinolates yields an unstable aglycone intermediate, which is
spontaneously or enzymatically converted into various toxic compounds (isothiocynates, cyanoepithioalkanes or nitriles).
Their effects on insect herbivory have been widely studied.
We analyzed several mapping populations for QTLs that regulate glucosinolate/myrosinase amount, glucosinolate/
myrosinase type and resistance against generalist, Trichoplusia ni, and specialist, Plutella xylostella, lepidopteran
herbivores. Comparing QTLs for herbivore resistance versus QTLs for the glucosinolate/myrosinase system showed
that Trichoplusia ni herbivory is deterred by glucosinolate amount and the type of breakdown product formed. In contrast,
Plutella xylostella herbivory is not altered by variation in the glucosinolate/myrosinase system.
Utilizing a combination of quantitative genetics, Mendelian genetics and enzymology, we have identified the genes
underlying several QTLs. These genes encode enzymes that specify the amount and type of glucosinolates and the
nature of their breakdown products. The identity and characterization of these genes will be presented.
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Rar1 - a component of disease resistance signaling in Arabidopsis

Paul Muskett, Mark Austin, Lisa Moisan, Kathy Kahn, Jonathan Jones and Jane Parker
Sainsbury Laboratory, John Innes Centre, Colney, Norwich NR4 7UH, UK
To identify further genes involved in RPP5-mediated resistance signaling in Arabidopsis, fast neutron- and EMSmutagenized populations of Landsberg erecta were screened for loss of resistance to the oomycete pathogen Peronospora
parasitica, isolate Noco2. One mutant, designated rpr2 (required for RPP5 resistance), was among those selected for
further study since it was shown to be non-allelic to previously identified components of RPP5 gene-mediated resistance
(EDS1 and PAD4). Positional cloning of RPR2 was undertaken, and it was found to be the Arabidopsis orthologue of
barley Rar1, a gene originally characterized as an essential component of Mla12-specified resistance to the powdery
mildew fungus. Previous analysis of the barley Rar1 protein sequence has revealed two zinc binding (CHORD) domains
that are highly conserved in plants and animals. Extended sequence comparisons suggested a possible role of Rar1 in
ubiquitination of proteins.
Pathogenicity tests have shown AtRar1 is not only required for RPP5-mediated resistance, but also for the function
of a range of structurally different R genes, including those required for resistance to the bacterial pathogen Pseudomonas
syringae. Consistent with the rar1 mutant phenotype in barley, Atrar1 mutants were compromised in pathogen-triggered
whole-cell hydrogen peroxide accumulation and cell death, suggesting that susceptibility of Atrar1 mutants coincides
with the inability to mount a host cell death response.
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Analysis of the Arabidopsis Sgt1 Mutant Suggests a Link Between Ubiquitin
Mediated Protein Degradation and Plant Disease Resistance

Mark J. Austin, Paul Muskett, Kathy Kahn, Jonathan D.G. Jones, Jane Parker
Sainsbury Laboratory, John Innes Centre, Norwich, NR4 7UH, UK
An EMS mutagenized population of Arabidopsis thaliana, ecotype Lansberg erecta (La-er), was screened for loss
of RPP5-mediated resistance to the obligate biotroph Peronospora parasitica isolate Noco2. A number of mutant lines
were isolated. A positional cloning strategy was employed to help identify one of these (rpr1-1: required for RPP5
resistance). Analysis of recombinants derived from a rpr1-1 La-er x Columbia mapping population located the mutant
allele to a region of approximately 50kb on the lower arm of chromosome IV. Direct sequence analysis of predicted
ORFs within this region highlighted a G to A transition, causing the formation of a premature stop codon in one particular
ORF. The sequencing of three other independent rpr1-1 alleles confirmed that RPR1 was the Arabidopsis homolog of
the yeast gene SGT1. Yeast SGT1 is a key component of the SCF (Skp1p/Cdc53p/F box protein) ubiquitin ligase complex
which targets proteins for proteosome mediated degradation. SGT1 is also required for the formation of the yeast
kinetochore complex CBF3.
AtSgt1 is required by a discrete subset of R-gene mediated pathways including those from a number of other P.
parasitica isolates. Pathogenicity assays using a Pseudomonas syringae strain expressing different avirulence genes
suggest that bacterial pathogen recognition pathways do not require AtSgt1. These data suggest that R-gene mediated
pathways are not linear, but partially overlapping and much more complex than at first thought. This possibly confers a
large degree of flexibility to the type and timing of the resistance response.
The mutant lines are disrupted in their ability to accumulate whole-cell H2O2 at the site of attempted pathogen
attack. The inability to accumulate reactive oxygen intermediates is correlated with a loss of cell death (hypersensitive
response) and an increase in pathogen growth. Analysis of pathogeneisis related (PR) genes in response to P. parasitica
infection show that AtSgt1 has delayed or reduced levels of PR1 gene expression. The disease phenotype can be rescued
by pre-treating with the salicylic acid analogue BTH. This suggests that AtSgt1 acts upstream or independently of SA
accumulation.
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Triggering, Potentiation, and Consequences of the Arabidopsis HR

Chu Zhang and Allan D. Shapiro
Department of Plant and Soil Sciences, University of Delaware, Newark, DE 19717
Bacteria carrying avrB, but not those carrying avrRpt2, can elicit a hypersensitive response (HR) on ndr1-1 mutant
plants. Bacteria carrying either avr gene triggered hydrogen peroxide production by wild type Columbia plants as
assessed using a fluorescence-based in vivo assay. Hydrogen peroxide accumulation was first evident 4 hours postinoculation with either strain. However, levels increased more rapidly in Columbia plants inoculated with bacteria
carrying avrB than in those inoculated with bacteria carrying avrRpt2. Bacteria carrying avrRpt2 elicited no detectable
hydrogen peroxide production by ndr1-1 plants. Bacteria carrying avrB elicited a response that was similar to that of
Columbia in kinetics but of lesser intensity at early time points. These data, considered together with strong evidence
that the direct effects of the ndr1 mutations are to block salicylic acid production induced by either bacterial strain to a
comparable extent, leads us to conclude that high level hydrogen peroxide production is a consequence, not a cause of
the HR. Further, these data lead us to predict that a cell death ?riggering factor?is produced in response to avirulent
bacteria, that this factor is produced at a higher level in response to bacteria carrying avrB, and that salicylic acid
potentiates the action of this factor. Analysis of a ndr1-1/npr1-2 double mutant showed that ndr1-1 was epistatic to npr12 with respect to HR phenotypes, suggesting that the documented NPR1-dependent negative feedback loop does not
control the HR. Epistasis analysis also demonstrated that cell death makes a NPR1-independent contribution to PR gene
induction.
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Genetic screen to identify hdn Arabidopsis mutants: HR Despite NOS Inhibitor.

Cathy Kingdon Worley, Laura E. Maliszewski, Josh H. Hubner, and Allan D. Shapiro
University of Delaware USA
Key words: HR, NOS, nitric oxide, PCD, HDN
12,751 EMS-mutagenized M2 Arabidopsis were screened for their ability to overcome an L-NNA (nitric oxide
synthase inhibitor) block of hypersensitive response (HR) elicited by pseudomonas. 793 plants tested positive. We rescreened 15 M3 from each positive and identified 90 lines which are reproducibly positive. We propose to name them
“hdn” for : HR Despite NOS Inhibitor. The screen was repeated on 14,888 activation tagged T2 plants, and 276 plants
tested positive initially. We began preliminary characterization of these mutants with dip disease assays. 58 EMS mutants
have been tested, and 22 lines have significantly different responses to pseudomonas compared to wild type. The responses
range from enhanced resistance, to enhanced susceptibility, as well as severe spreading cell death. These changes in
disease responses demonstrate the variety of different mutants isolated in this screen. EMS mutants were crossed to
Landsberg erecta for mapping and positional cloning. They were also back crossed to wild type Columbia to test for
dominance/recessivity, to perform Chi Squared analyses, and to reduce the mutational load. F2 populations are currently
being analyzed. We expect to identify genes involved in nitric oxide signaling or parallel pathways which can bypass the
requirement for nitric oxide in the plant pathogen defense response.
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Characterization of transcription factors mediating COP1 regulated development.

Magnus Holm, Li-Geng Ma, Xing-Wang Deng
Dept of MCDB, Yale University
COP1, a putative E3 ubiquitin ligase, acts as a repressor of photomorphogenic development in the dark. So far, the
only known target of COP1 mediated repression is the bZIP transcription factor HY5. In an effort to identify potential
new COP1 targets, we performed a yeast two-hybrid screen using COP1 as bait. The screen identified five new proteins
that specifically interact with the WD40 domain of COP1. One of these proteins is a homologue of HY5 (HYH) whereas
three contain tandem repeated B-box Zn2+ finger motifs in their N-terminal portion, COP1 interacting CONSTANS-like
(CCO), STO and a homologue of STO (STH). The fifth is a novel protein. Using a reverse genetic approach, we identified
T-DNA insertions in both HYH and CCO. The insertions result in null mutations of hyh and cco. Plants with hyh and cco
mutations flower early, similar to hy5 and opposite to co. Both hyh and cco seedlings have elongated hypocotyls when
grown in blue light, suggesting that HYH and CCO act as positive regulators of photomorphogenesis. Furthermore, both
hyh and cco are able to suppress cop1 phenotypes, providing evidence for a functional interaction. HYH is the closest
HY5 homologue in arabidopsis, HYH is specifically degraded in the dark and we will present results suggesting that
HYH can heterodimerize with HY5. To investigate the relationship between HYH and HY5, we made hyh hy5 double
mutants. The double mutant plants are paler than hyh and hy5 plants, suggesting that HYH and HY5 act in concert to
promote chlorophyll accumulation. A functional overlap between HYH and HY5 is further supported by micro array
experiments showing a large overlap in the expression profiles of hyh, hy5 and hyh hy5 double mutant seedlings.In a
separate line of experiments we found that seedling over expressing STH are greener than WT seedlings, suggesting that
STH act in the same pathway as HY5. We will present results suggesting a mechanism for how STH can affect HY5
dependent transcription.

37

ELF3 Modulates Resetting of the Circadian Clock in Arabidopsis

Michael F. Covington1, Satchidananda Panda1, Xing Liang Liu2, Carl A. Strayer1, D. Ry Wagner2, and Steve A. Kay1
1
Department of Cell Biology, The Scripps Research Institute, La Jolla, California 92037;2Exelexis Plant
Sciences, Inc., 16160 SW Upper Boones Ferry Road, Portland, OR 97224.
The Arabidopsis early flowering 3-1 (elf3) mutation causes arrhythmic circadian output in continuous light, but
there is some evidence of clock function in darkness. Here we show conclusively normal circadian function with no
alteration of period length in elf3 mutants in dark conditions and that the light-dependent arrhythmia observed in elf3
mutants is pleiotropic on multiple outputs normally expressed at different times of day. Plants overexpressing ELF3
have an increased period length in both constant blue and red light; furthermore, etiolated ELF3-overexpressing seedlings
exhibit a decreased acute CAB2 response after a red light pulse, whereas the null mutant is hypersensitive to acute
induction. This finding suggests that ELF3 negatively regulates light input to both the clock and its outputs. To determine
whether ELF3’s action is phase dependent, we examined clock resetting by light pulses and constructed phase response
curves. Absence of ELF3 activity causes a significant alteration of the phase response curve during the subjective night,
and constitutive overexpression of ELF3 results in decreased sensitivity to the resetting stimulus, suggesting that ELF3
antagonizes light input to the clock during the night. The phase of ELF3 function correlates with its peak expression
levels in the subjective night. ELF3 action, therefore, represents a mechanism by which the oscillator modulates light
resetting. (BARD-US-2964-97; NIH: GM56006, GM07413; NSF: MCB-9808208, DGE-9552837)
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PIF4, a bHLH protein acts as a negative regulator of phyB signaling in Arabidopsis

Enamul Huq and Peter H. Quail
Dept. of Plant and Microbial Biology, UC Berkeley, and USDA/ Plant Gene Expression Center, Albany, CA.
The mechanisms by which the phytochrome (phy) family of sensory photoreceptors transduce light signals to control
gene expression are unknown. Recently we have shown that a G-box-bound bHLH protein, PIF3, can interact with the
biologically active Pfr form of phyA and phyB, thereby potentially providing a direct regulation of gene expression by
these phytochromes. We have isolated and partially characterized another bHLH protein, PIF4 (phytochrome interacting
factor 4), which also interacts with phytochrome. However, in contrast to PIF3, PIF4 interacts specifically with phyB,
and does so selectively in its biologically active Pfr form. Missense mutants of phyB that are impaired in signaling show
reduced binding to PIF4, suggesting a biologically relevant interaction. Overexpression of PIF4 in transgenic Arabidopsis
produces a hyposensitive phenotype specific to red light. Conversely, antisense PIF4 lines show hypersensitive phenotype
under red light. Interestingly, in a separate approach, we have isolated a hypersensitive mutant, srl2, from a genetic
screen under continuous red light. srl2 has a T-DNA insertion within the PIF4 gene. The similar hypersensitive phenotype
of the antisense lines and the T-DNA knockout mutant, and the converse hyposensitive phenotype of transgenic
overexpression lines, indicate that PIF4 might act as a negative regulator of phyB signaling. The convergence of two
independent approaches on the same factor provides compelling evidence that PIF4 functions in the early part of the
phyB signaling pathway.
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Molecular Genetics Analysis of Root Gravitropism and Polar Auxin Transport in
Arabidopsis thaliana

Rujin Chen, Patrick Masson
Laboratory of Genetics, University of Wisconsin-Madison, 445 Henry Mall, Madison, WI 53706
Shortly after gravistimulation, plant roots develop curvature at the distal elongation zone such that root tips are realigned with the new gravity vector in defined angles. This phenomenon (gravitropic response) is complex and involves
several distinct processes. Substantial experimental evidence suggests that polar auxin transport play an important role
in root gravitropic response. It is postulated that auxin (level or sensitivity) is asymmetrically distributed between the
top and bottom sides of a gravistimulated root. The preferential accumulation of auxin at the bottom side results in auxin
levels inhibitory for cell elongation, whereas cells on the top continue to elongate. Previously, we reported molecular
cloning of the Arabidopsis AGR1 gene. Our functional analyses indicated that AGR1 is a component of the auxin efflux
carrier that plays a regulatory role in root gravitropism. The Arabidopsis AGR1 gene (also known as EIR1, PIN2 and
WAV6) belongs to a small gene family. Using a functional genomics approach, we identified and isolated several
Agrobacterium T-DNA introduced mutations in several members of the gene family. We will report phenotypic analysis
and molecular characterization of these mutants.
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Arabidopsis ZIG/SGR4, one of SNAREs, has a crucial role in the shoot gravitropism

Miyo T. Morita1, Yoshiro Yamauchi2, Chieko Saito3, Akihiko Nakano3, Masao Tasaka1
1
NAIST, 2Kyoto University, 3RIKEN
We have isolated a number of Arabidopsis sgr (shoot gravitropism) mutants with abnormal gravitropism to elucidate
the molecular mechanism of gravitropism in higher plants. Genetic studies have suggested that the endodermal cells in
which contain sedimenting amyloplasts are the gravity sensing cells.
Here, we report characteristics of zig/sgr4 mutant and the responsible gene. zig/sgr4 exhibited abnormal gravitropism
in the hypocotyl and the inflorescence stem. Besides, its inflorescence stems elongated zigzag. Although the whole
tissue patterning was basically normal in the inflorescence stem, the aberration of cell shape and size was observed in
several tissues. In the endodermis of zig/sgr4, amyloplasts did not localize to the bottom of cells and many stayed on the
opposite side both in the inflorescence and the hypocotyl.
ZIG encodes AtVTIa, a homolog of yeast v-SNARE Vti1p, suggested to be involved in vesicle transport to the
vacuole. Then, the subcellular structures of the endodermis and the cortex were observed with electron microscopy. The
amyloplasts were located on both top and bottom sides of large central vacuoles and appeared to stick to the cell
periphery. Aberrant vacuolar/vesicular structures were occasionally found in the cytoplasm. Remarkable anomalies of
vacuoles, fragmentation and vesiculation, were more frequently observed in the cortex cells. ZIG gene driven by
endodermis specific SCR promoter (pSCR::ZIG) could complement the gravitropic response in zig/sgr4 mutant. These
results suggest that ZIG expressed in the endodermis is essential for gravitropism and that ZIG affects amyloplast
localization probably through vacuolar function. Interestingly, pSCR::ZIG could not rescue morphological abnormalities
observed in zig/sgr4. ZIG expressed in tissues other than the endodermis is responsible for the plant morphology
presumably via vacuole biogenesis and function.
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The Function of SGR2, a Novel Phospholipase-A1-like Protein, in Endodermal Cell
Layer for Shoot Gravitropism

Takehide Kato1, Kiyoshi Nagafusa2, Chieko Saito3, Takashi Ueda3, Akihiko Nakano3, and Masao Tasaka2
1
Dept. Bot. Grad. Sch. Sci., Kyoto Univ., 2Grad. Sch. Biol. Sci., NAIST, 3Mol. Membr. Biol. Lab., RIKEN
In higher plants, shoots and roots basically grow upwards and downwards, respectively. To elucidate the molecular
mechanism of the gravitropic response, we isolated many mutants showing abnormal shoot gravitropism in Arabidopsis.
The inflorescence stem and hypocotyl of sgr2 show abnormal gravitropic response, but the response of the root is
normal. Moreover sgr2 seedlings often show abnormality in shape and most of sgr2 zygotes have large vacuoles on the
apical side and divide at irregular positions, reported by us at the 10th conference. The SGR2 gene encodes a novel
protein with a lipase consensus sequence and one putative transmembrane domain, which is homologous to the
phosphatidic acid-preferring phospholipase A1 in Boss taurus. The gene family has been reported only in eukaryote and
sgr2 is the first mutant found among the family. The endodermal cell layer is an essential tissue for the shoot gravitropism,
containing sedimented amyloplasts to the gravity. In sgr2 mutant, the endodermal cells were frequently irregular in size
and shape and some amyloplasts did not localize at the bottom of the cells. To elucidate the SGR2 function in endodermal
cells, the SGR2 gene was expressed only in endodermal cell of sgr2-1 using the SCR promoter. The transgenic sgr2-1
plant recovered the shoot gravitropism and the abnormality of the shoot endodermal cell. These results indicated that the
SGR2 in endodermal cell is essential for shoot gravitropism. To identify the subcellular localization of SGR2, the SGR2GFP, GFP-SGR2 under CaMV 35S promoter was induced in Arabidopsis culture cell and the fusion protein located in
the vacuolar membranes or putative endosomes. Moreover, the SGR2-GFP gene driven by the native SGR2 promoter
recovered sgr2-1 gravitripic phenotypes and GFP could be detected in the vacuoles in planta as soon as in culture cells.
The results suggested that vacuolar membranes are involved in the early step of gravity perception in shoot, and SGR2
in vacuolar membranes is required for the step.
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Genetic and Chemical Reductions in Protein Phosphatase Activity Alter Auxin
Transport, Gravity Response and Lateral Root Growth

Aaron M. Rashotte1, Alison DeLong2 and Gloria K. Muday1
1
Department of Biology, Wake Forest University,2Department of Molecular Biology, Cell Biology and
Biochemistry, Brown University
Auxin transport is required for important growth and developmental processes in plants, including gravity response
and lateral root growth. Several lines of evidence suggest that reversible protein phosphorylation regulates auxin transport.
Arabidopsis rcn1 mutant seedlings exhibit reduced protein phosphatase 2A activity and defects in differential cell
elongation. Here we report that reduced phosphatase activity alters auxin transport and dependent physiological processes
in the seedling root. Root basipetal transport is increased in rcn1 or phosphatase inhibitor treated seedlings, but shows
normal sensitivity to the auxin transport inhibitor, naphthylphthalamic acid (NPA). Phosphatase inhibition reduces root
gravity response and delays the establishment of differential auxin-induced gene expression across a gravity-stimulated
root tip. An NPA treatment that reduces basipetal transport in rcn1 and cantharidin treated wild-type plants also restores
a normal gravity response, indicating that increased basipetal auxin transport impedes gravitropism. Elevation of auxin
transport in rcn1 or phosphatase inhibitor treated seedlings does not require the AGR1/EIR1/PIN2/WAV6 or AUX1 gene
products. In contrast to root basipetal transport, root acropetal transport is normal in phosphatase-inhibited seedlings in
the absence of NPA, but shows reduced NPA sensitivity. Lateral root growth also exhibits reduced NPA sensitivity in
rcn1 seedlings, consistent with acropetal transport controlling lateral root growth. These results support the role of
protein phosphorylation in regulating auxin transport, and suggest that the acropetal and basipetal auxin transport streams
are differentially regulated.
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Co-ordination of cell division and cell expansion during root development in
Arabidopsis thaliana

Robert Rea1, Joanne Marrison1, Jim Haseloff2, Sue Bougourd1
1
Department of Biology, University of York, Heslington, York YO10 5DD, UK 2Department of Plant Sciences,
University of Cambridge, Downing Street, Cambridge CB2 3EA, UK
Since the cells of higher plants are non-motile, normal morphogenesis is ultimately dependent on the co-ordination
of cell division and cell expansion. We are investigating the importance of localised co-ordination of cell division and
expansion in determining the architecture of the Arabidopsis thaliana root. Using a GAL4-GFP transactivation system,
the rate of cell division is altered in specific cell layers via targeted misexpression of cell cycle regulatory genes. The
consequences of these perturbations are visualised using high-resolution confocal imaging, followed by computerised
three-dimensional reconstruction of cellular arrangements.
Here we report on the effects of altering cell division rates specifically within the columella region of the root cap
during embryonic development. We show that increasing or decreasing rates of cell division in the targeted cells results
in concomitant changes in cell division rates and/or cell expansion in neighbouring cell layers, with little effect on
overall root morphogenesis. This approach allows us to determine the range and direction of cell-to-cell communication
and provides insights into how cell division and expansion are co-ordinated locally via intercellular signalling within the
root meristem.
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Possible target genes of the ANGUSTIFOLIA gene, a plant CtBP, that regulates polar
elongation of leaf cells

H. Tsukaya1*, G.-T. Kim1, K.-H. Cho1, C-M, Ha2, H-G. Nam2, R. Yokoyama3, and K. Nishitani3
1
CIBS and NIBB, Japan, 2 POSTECH, Korea, 3 Tohoku University, Sendai, 980-77, Japan
Focusing on mechanisms that govern polarized growth of leaves in Arabidopsis, we have found that the AN gene
regulates width of leaves and that the ROT3 gene regulates length of leaves (Tsukaya et al. 1994, Tsuge et al. 1996, Kim
et al. 1998, 1999). The AN gene encodes a member of the CtBP family, which are known to act as a transcriptional
repressors in animal kingdom. AN is the first member of CtBP family isolated from plants.
To identify the targets of the AN gene as a transcriptional regulator of the other genes, two-hybrid analysis and
microarray analysis was carried out under the Monsanto Arabidopsis Microarray Program. As a result, it was found that
the an mutant expresses some genes At a higher level than the wild type, suggesting that the AN gene might work as a
repressor of such genes. These possible candidates of target genes of the AN protein include Zn-finger protein, MAP
kinase, MYB- and MYC-like protein. Interestingly, one of EXGT gene family that is thought to regulate loosening of
cell wall also was found to be specifically up-regulated in the an mutant. Based on the results from analyses of the gene,
molecular mechanisms related to the regulation of leaf width will be discussed.
*This study is supported by Monsanto Arabidopsis Microarray Program.
References
Tsukaya et al. (1994) Planta 195 : 309-312
Tsuge et al. (1996) Development 122 : 1589-1600
Kim et al. (1998) Genes & Dev. 12 : 2381-2391.
Kim et al. (1999) Proc. Natl. Acad. Sci., USA, 99 : 9433-9437.
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KNAT1 regulates Arabidopsis shoot architecture

Scott Douglas 1, George Chuck 2,, Ron Dengler 1, Dan Riggs 1
1
University of Toronto, 2University of California, San Diego
Members of the knotted-like homeobox (knox) gene family encode putative transcription factors hypothesized to
regulate shoot apical meristem development in flowering plants. Here we show that a loss-of-function mutation in the
Arabidopsis knox gene KNAT1 underlies the brevipedicellus (bp) phenotype, characterized by short internodes and
pedicels, turns at the nodes, and downward-oriented buds, flowers and siliques. Comparison of cell and internode lengths
in wildtype and bp plants indicates that defects in both cell division and cell elongation contribute to the mutant phenotype.
Inspection of bp internodes demonstrates that the mutant produces a stripe of tissue that winds around the stem and
terminates on the abaxial surface of pedicels. Furthermore, epidermal cells of the stripe are reduced in size and lack
stomata, while subepidermal layers contain larger cells with reduced intercellular spaces and fewer chloroplasts. Presence
of the stripe over vascular bundles suggests that KNAT1 is required for tissue differentiation in a vasculature-dependent
manner. Genetic studies indicate that KNAT1 interacts both additively and synergistically with the ERECTA gene to
regulate shoot architecture. Our results implicate a role for knox genes in non-meristematic tissue as regulators of cell
division, cell elongation and cell differentiation.
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Cell fate determination in the shoot meristem

Thomas Kirch, Sigrid Steinecke, Wolfgang Werr and Rüdiger Simon
Institut für Entwicklungsbiologie, Universität zu Köln, Germany
The fate of stem cells in plant meristems is governed by directional signalling systems that are regulated by negative
feedback. In Arabidopsis, the CLAVATA (CLV) genes encode the essential components of a negative, stem cell restricting
pathway. Signalling through the CLV pathway limits the activity of the WUS gene, encoding a homeodomain transcription
factor which promotes stem cell fate. This mutual regulation, involving positive and negative interactions, provides a
feedback system for maintaining the delicate balance required for proliferation of stem cells to proceed at the right time
and in the right place.
Using a transposon based activation tagging system, we have now identified additional genes that are involved in
the control of stem cell fate in Arabidopsis. Mutations in one of these genes, DORNRÖSCHEN, affect the expression
patterns of both WUS and CLV3 in the shoot meristem.
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Cellulose biosynthesis and cell elongation

Herman Hofte, Mathilde Fagard, Silvère Pagant, Grégory Mouille, Guislaine Réfrégier, Adeline Bichet, Ageeth Van
Tuinen, Stéphanie Robert, Thierry Desprez, Olivier Lerouxel*, Patrice Lerouge* and Samantha Vernhettes.
Laboratoire de Biologie Cellulaire, INRA, Rte de St Cyr, 78026 Versailles cedex, France. * LTI-CNRS UPRESA
6037, UFR des Sciences, 76821 Mt St Aignan, France.
Cellulose plays a central role in plant development. The orientation of microfibrils is regulated and controls growth
anisotropy and cell shape. The acquisition of the ability to control the orientation of microfibrils appears to have been a
crucial event in the colonisation of terrestrial ecosystems. Understanding cellulose synthesis and deposition is therefore
essential for understanding plant growth, development and evolution. Based upon a screen for mutants with radially
expanded hypocotyls combined with FTIR microspectroscopy, cellulose-deficient mutants have been isolated. Mutants
in cellulose synthase isoforms (Fagard et al., 2000), a membrane-bound endo-1,4-ß-glucanase (EGase, Nicol et al.,
1998) and a novel predicted integral membrane protein have been identified. In addition, we have shown that ixr2, a
mutant resistant against the cellulose synthesis-inhibiting herbicide isoxaben, is mutated in the cellulose synthase family
member CESA6. Knock-out mutants in the same gene show a short hypocotyl phenotype in dark-grown seedlings. This
phenotype is conditional and is bypassed upon stimulation of phytochromes, suggesting that cellulose synthesis is under
phytochrome control. The analysis of transcript levels for all ten cellulose synthase genes shows that this regulation is
not at a transcriptional level. Mutations in KOR, encoding a membrane-bound EGase cause a deficiency in cellulose and
do not affect xyloglucans, indicating that the enzyme is directly involved in the synthesis of microfibrils. We show that
the enzyme is a part of high molecular weight complex that can be observed in Arabidopsis seedlings, but also in cotton
fibres. Interestingly, the molecular weight of the complex changes during cotton fibre development, suggesting that
KOR interacts with different partners at different growth stages. Potential roles for the enzyme in the synthesis of
cellulose will be discussed.
Ref: Nicol et al 1998 EMBO J., 17, 5563-5576. Fagard, et al. 2000 The Plant Cell, 12, 2409-2423
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A temperature-sensitive HEAT repeat identifies MOR1 as an essential microtubule
associated protein

Geoffrey Wasteneys, Angela Whittington, Oliver Vugrek, Ke Jun Wei, Nori Hasenbein, Madeleine Rashbrooke, Keiko
Sugimoto
Plant Cell Biology Group, Research School of Biological Sciences, The Australian National University, GPO
Box 475, Canberra, ACT 2601, Australia
Using a mutational strategy to identify microtubule organizing factors in Arabidopsis thaliana, we isolated two
temperature-sensitive mutant alleles of the MICROTUBULE ORGANIZATION 1 (MOR1) gene. This gene encodes a
predicted 217 kDa protein that is the plant version of a recently discovered, ancient family of microtubule associated
proteins, including human TOGp and Xenopus XMAP215 (Tournebize, R. et al. 2000, Nature Cell Bio. 2, 13-19). We
found that both mutations occur within the same exon and that each substitutes a single amino acid residue within a
conserved N-terminal HEAT repeat (Whittington et al 2001, Nature, in press). These N-terminal mutations impart
reversible, temperature-dependent cortical microtubule disruption in interphase and terminally differentiating cells,
leading to severe morphological defects. In contrast, mitotic and cytokinetic microtubule arrays remain intact in the
mor1-1 and mor1-2 mutants and cell division patterns are not altered at the restrictive temperature. This suggests that
MOR1 is essential for stabilizing cortical microtubules in expanding cells but not required for preprophase band, spindle
or phragmoplast function. On the other hand, all MOR1 homologues associate with mitotic arrays so we considered the
possibility of multiple copies. MOR1, however, occurs as a single copy gene in A. thaliana so cell cycle specificity may
instead rely on transcriptional regulation. The N-terminal HEAT repeat targeted in our temperature-sensitive mutants
could be a microtubule-binding site. Alternatively it could, like some HEAT repeats, confer plasma membrane localization.
So far, mutant phenotype analysis supports either hypothesis.
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Arabidopsis GEMINI POLLEN1 is a putative microtubule-associated protein
homologous to human ch-TOGp

Soon Ki Park and David Twell
Department of Biology, University of Leicester
Pollen mitosis I (PMI) produces two unequal daughter cells, the vegetative and generative cells, that have different
structures and developmental fates. The larger vegetative cell (VC) produces the pollen tube, whereas the smaller generative
cell divides to produce two sperm cells. The gemini pollen1 (gem1) mutation acts gametophytically to affect cytokinesis
at PMI resulting in altered cell division symmetry and cell fate (Park et al., 1998, Development, 125: 3789). gem1
produces a proportion of twin-celled or unequally-divided pollen, which adopt VC fate and express the VC-specific
marker lat52-gus. Ultrastructural analysis revealed that cytokinesis is spatially uncoupled from nuclear division at PMI.
Complete or partial ectopic internal walls with highly complex profiles divide the cytoplasm into twin or multiple cell
compartments (Park and Twell, 2001, Plant Physiology, 126: in press). All cell compartments adopt VC fate with regard
to lipid body distribution, an ultrastructural marker of VC fate. These observations suggest that altered cell fate in gem1
results from abnormal inheritance of cell fate determinants as a result of disturbed cytokinesis. gem1 was mapped to a
50kb region containing 9 putative genes on chromosome 2 (68cM). A single binary cosmid within this region was shown
to complement gem1, resulting in a reduced frequency of aberrant, twin-celled pollen. This cosmid contains a complete
copy of a putative Arabidopsis homolog of the human ch-TOG which is highly expressed in human tumors and brain.
TOGp is a large (218KDa) microtubule and spindle-associated protein closely related to the MINI SPINDLES in
drosophila. Mutation of mini spindles disrupts spindle assembly and mitotic chromosome segregation. Phenotypic analysis
of gem1 also suggests that GEM1 may function in spindle dynamics and/or cell plate guidance at PMI. The expression
and potential role of the homologous GEM1 protein in microtubule dynamics will be discussed with regard to the effect
of gem1 on division symmetry and cytokinesis.
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An Arabidopsis SNARE complex involved in Golgi-to-prevacuolar vesicle trafficking
contains two syntaxins

Anton A. Sanderfoot, Valya Kovaleva, Natasha V. Raikhel
Plant Research Laboratory, Michigan State University
The syntaxin family of SNAREs (soluble N-ethyl maleimide sensitive factor adaptor protein receptors) is known to
play an important role in the fusion of transport vesicles with specific organelles. Syntaxins form a t-SNARE complex
with 2 other SNAREs on a target membrane. This complex then functions to recognize a v-SNARE embedded in the
vesicle membrane creating a 4-helix trans-SNARE complex that drives fusion of the vesicle with the target membrane.
Twenty-four syntaxins are encoded in the genome of the model plant Arabidopsis thaliana. These 24 genes are found in
ten gene families and have been reclassified as SYPs (Syntaxins of Plants). Despite the presence of gene families, each
syntaxin has a unique essential function as indicated by the lethality of gene disruptions in individual syntaxin genes.
The SYP2-type syntaxins are found on the prevacuolar compartment (PVC). SYP4-type syntaxins are found at the
trans-Golgi network (TGN), though the two most divergent members, SYP41 and SYP42, are found on distinct domains
of the TGN. We have begun an investigation into the SYP5-type syntaxins, a group of syntaxins localized to multiple
compartments of the endomembrane system including the TGN and the PVC. At the TGN, SYP5-type syntaxins are
found predominantly on the SYP42-domain of the TGN, while they colocalize at the PVC with both SYP2-type syntaxins.
On the PVC, a SYP2- and a SYP5-type syntaxin, together with the SNARE VTI11, form a novel two-syntaxin SNARE
complex that is likely involved in TGN-to-PVC vesicle trafficking. Since a functional SNARE complexes require four
SNAREs, ongoing research is aimed at identifying the fourth member of this complex, as well as other factors that
interact with these syntaxins.
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Characterization of the female gametophytic mutant feronia in Arabidopsis thaliana

N.Huck, J. M. Moore, V. Gagliardini and U. Grossniklaus
University of Zuerich
Pollination is a key step in the sexual reproduction of land plants. Sperm cells are delivered by a pollen tube - an
extension of the male gametophyte - to the female gametophyte harboring the egg cell. In angiosperms, the pollen tube
has to grow through the gyneocium to reach the female gametophyte - the embryo sac – and release the sperm cells for
successful fertilization. How the pollen tube is guided to the embryo sac and what signals are involved in the correct
timing and localization of the sperm cell delivery is poorly understood. In a screen of Ds-insertion lines of Arabidopsis
thaliana for female gametophytic mutants we identified the feronia mutant that shows a defect in the release of sperm
cells. Instead of bursting after reaching the embryo sac the pollen tube continues to grow and winds around the egg
apparatus. The molecular and cytological characterization of the feronia mutant will provide new insights in molecular
interaction between the male and female gametophyte and the processes controlling fertilization in flowering plants.
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Regulation of floral homeotic genes by Polycomb-group genes in Arabidopsis

Goodrich, J.,Primavesi, L., Chanvivattana, C., Stock, C., MacDougall C., Bishopp A .and Wilson C.
University of Edinburgh, Institute of Cell and Molecular Biology, The King’s Buildings, Mayfield Road,
Edinburgh EH9 3JH
The identity of floral organs is specified by homeotic genes, so that the particular combination of genes active in a
whorl determines the type of organ that is formed. In several cases it has been shown that homeotic genes are required
persistently during flower development for correct fate specification to occur. This raises the problem of how homeotic
gene expression patterns that are set up early in development persist through cell division as the flower grows. We are
studying the role of the Polycomb-group (Pc-G) genes, which in animals maintain patterns of homeotic gene expression
by modifying chromatin structure so that on or off states of activity are inherited through somatic cell division. Previously
we showed that the Arabidopsis CURLY LEAF (CLF) gene shows sequence homology with the Drosophila Pc-G member
Enhancer of zeste, and that it has a similar role in maintaining repression of homeotic genes during leaf and flower
development. Analysis of transgenic plants expressing a steroid inducible CLF construct suggests that the CLF protein
is persistently during development in order to maintain silencing of a key target, the floral homeotic gene AGAMOUS.
Although CLF RNA is present in all floral whorls, its action as a repressor of AGAMOUS is confined to whorls 1 and 2.
Analysis of transgenic plants that express GFP-tagged CLF suggest that the CLF protein is also expressed in all floral
whorls, and thus that its action as a repressor may occur by interaction with more localised factors. We therefore conducted
genetic and molecular screens for proteins interacting with CLF and have identified two additional Pc-G members,
CURLY LEAF LIKE1/EZA1 and MOE LEAF . Characterisation of these genes will be presented.
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Functional analysis of SUPERMAN gene in floral meristem

Toshiro Ito, Elliot Meyerowitz
California Institute of Technology
The SUPERMAN ( SUP ) gene, which encodes a C2H2-type zinc-finger protein, is involved in cell proliferation of
stamen and carpel primordia in Arabidopsis. SUP expression is initiated in the adaxial part of the stamen primordia in
whorl 3 at stage 3 (early stage expression) and this expression is maintained until stage 8. Later at stage 9, SUP starts to
express in the developing ovary in whorl 4, first on the inner surface of the carpels, and later in the funiculus of each
ovule (late stage expression). As a first step of SUP gene functional analysis, we started a cis-element analysis of SUP
gene. The SUP promoter has discrete cis-acting elements required for SUP expression in stamen primordia at early
stages and in the ovary at later stages. Cis-elements required for expression in stamen primordia in whorl 3 confer strong
gene expression in whorl 3 and whorl 4 from stage 3. This cis-activity at early stages is negatively controlled in mRNA
regulation by two context-dependent cis-elements located within the coding region corresponding to the N-terminal
zinc-finger domain. In contrast, cis-elements for ovary expression at late stages are not context dependent. A reporter
gene construct that has GFP at the very end of the SUP coding region shows a nearly wild-type SUP expression pattern
and also complements the sup mutant. Next, we generated a SUP inducible system by making a fusion protein with
glucocorticoid receptor (GR) domain. In this system, the sup mutant was complemented in a DEX-dependent manner.
By introducing tandem 35S enhancers in the upstream region of the SUP promoter, the SUP-GR fusion protein was
ectopically induced. Under a DEX-induced condition, carpel numbers are increased and the inflorescence meristem
terminates with carpelloid organs. Based on the SUP expression pattern and ectopic expression analysis in wild-type and
several mutant backgrounds, a new model of SUP function will be presented.
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Roles of SEEDSTICIK MADS-box gene during ovule and seed development

Anusak Pinyopich, Gary S Ditta, and Martin F Yanofsky
Section of Cell and Developmental Biology, La Jolla, California 92093-0116, USA
One of the final steps of fruit development involves the formation of a seed attachment site at the juncture between
the funiculus and the seed. Abscission within this site is required for the normal process of seed dispersal. The SEEDSTICK
(STK) (formerly known as AGL11) MADS-box gene is required for the proper formation of this abscission zone since stk
mutant seeds fail to detach from the funiculus. The STK gene also regulates growth of the funiculus, which becomes
greatly enlarged in stk mutants during fruit development. This enlargement is caused both by changes in cell number and
cell size. Mature seeds of stk mutants are also slightly smaller than those of the wild type and are abnormally shaped,
suggesting a role of STK in integument development.
Because STK is closely related to the SHATTERPROOF (SHP1 and SHP2) MADS-box genes, and all three genes
share partly overlapping patterns of RNA accumulation in developing ovules, we constructed the stk shp1 shp2 triple
mutant to investigate possible genetic redundancy. Strikingly, normal ovule development was completely disrupted in
the triple mutant and the mutant ovules were converted into carpel-like structures. These results suggest that the STK and
SHP genes share overlapping activities that are required for ovule identity. FRUITFULL (FUL), a MADS-box gene
involved in carpel valve cell differentiation, is ectopically expressed in the converted ovules suggesting that STK, SHP1
and SHP2 are redundant negative regulators of FUL in ovule. Whether or not ectopic expression of FUL is necessary for
the conversion of ovules toward carpels is currently being investigated. Genetic interactions between STK and other
genes, including AINTEGUMENTA (ANT), INNER NO OUTER (INO), BELL1 (BEL1) and APETALA2 (AP2) will be
presented.
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Molecular and genetic approaches to identify regulators of AGAMOUS

Jan U. Lohmann1, Ray Hong1,2, and Detlef Weigel1
The Salk Institute, Plant Biology Laboratory; 2University of California San Diego, Department of Biology
Traditional mutant analyses have not identified region-specific activators of the floral homeotic gene AGAMOUS
(AG), which specifies stamen and carpel fate in the center of flowers. This could either be due to redundant regulation of
AG, or to the fact that important AG activators are essential at earlier developmental stages. To circumvent these problems,
we are using two complementary strategies to elucidate the molecular mechanisms underlying AG regulation.
(1) Enhancer mutagenesis. We have performed a screen for mutations enhancing the phenotype of wonderwoman-1
(wow) mutants (a gift from Y. Eshed and J. Bowman, UC Davis), which show dosage-sensitive interactions with ag (Y.
Eshed & J. Bowman, pers. communication). We have isolated several enhancer mutations that together with wow show
various degrees of stamen-to-petal transformation. Mapping indicates that they correspond to new loci.
(2) Dissection of the AG enhancer. We have identified several candidate transcription factor binding sites in the AG
enhancer by comparison with consensus binding sites for known classes of transcription factors. Some of these are
conserved in other species, as revealed by sequencing over 20 AG genes from other members of the Brassicaceae (see
poster by Hong et al.). We have identified one factor that is expressed in flowers and that can bind two of the conserved
sites in vitro. The significance of the binding sites in planta is being studied by mutating them in the context of AG::GUS
reporters.
1

This work has been supported by postdoctoral fellowships from the Studienstiftung des Deutschen Volkes and BASF (J.U.L.) and Human
Frontiers Science Program Organization (J.U.L.), NIH training grant (R.H.), and by a grant from DOE (D.W.).
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A Mitochondrial Complex I Defect Impairs Cold Regulated Nuclear Gene Expression

Byeong-ha Lee, Hojoung Lee, Liming Xiong, and Jian-Kang Zhu
Department of Plant Sciences, University of Arizona, Tucson, Arizona 85721, USA
Low temperature is an important environmental factor influencing plant growth, development, and geological
distribution. Due to their sessile nature, plants have developed unique mechanisms to cope with cold stress. In order to
elucidate low temperature signal transduction in plants, we have previously developed stress-inducible bioluminescent
Arabidopsis plants that express firefly luciferase driven by the stress responsive RD29A promoter. Using this system,
mutants defective in stress responses were identified based on their abnormal luminescence under different stress
conditions. Here we report on the characterization and cloning of one mutant, frostbite1 (fro1), which shows reduced
luminescence induction specifically by cold stress. fro1 mutant plants display lower levels of cold induction of stress
responsive genes such as CBF2, RD29A, KIN1, COR15a, and COR47. fro1 mutant leaves appear water-soaked and
resemble wild-type leaves that have been subjected to freezing stress. Electrolyte leakage tests showed that fro1 mutant
leaves are constitutively leaky and have reduced capacity for cold acclimation. The FRO1 gene was isolated through
map-based cloning. FRO1 encodes a protein with high similarity to the 18 kD Fe-S subunit of Complex I (NADH
dehydrogenase, EC 1.6.5.3) in the mitochondrial electron transfer chain. Confocal imaging showed that the FRO1:GFP
fusion protein is localized in mitochondria. The Complex I defect in fro1 results in constitutive accumulation of reactive
oxygen species that may modulate calcium signaling and cold-responsive nuclear gene expression. These results illustrate
that nuclear gene expression under low temperature conditions is coupled with mitochondrial function.
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The Arabidopsis HOS1 gene negatively regulates cold signal transduction and
encodes a RING finger protein that displays cold-regulated nucleo-cytoplasmic
partitioning

Hojoung Lee, Liming Xiong, Zhizhong Gong, Manabu Ishitani, Becky Stevenson, and Jian-Kang Zhu
Department of Plant Sciences, University of Arizona, Tucson, Arizona 85721, USA
Low temperature is one of the most important environmental stimuli that control gene transcription programs and
development in plants. In Arabidopsis thaliana, the HOS1 locus is a key negative regulator of low temperature-responsive
gene transcription. The recessive hos1 mutation causes enhanced induction of the CBF transcription factors by low
temperature as well as of their downstream cold-responsive genes. The hos1mutant plants flower early, and this correlates
with a low level of Flowering Locus C gene expression. The HOS1 gene was isolated through positional cloning. HOS1
encodes a novel protein with a RING finger motif near the amino terminus. HOS1 is ubiquitously expressed in all plant
tissues. HOS1-GFP translational fusion studies reveal that HOS1 protein resides in the cytoplasm at normal growth
temperatures. However, in response to low temperature treatments, HOS1 accumulates in the nucleus. Experiments are
underway to understand the significance of the RING finger motif in HOS1 protein.
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Arabidopsis encyclopedia using full-length cDNAs and its application for expression
profiling under abiotic stress conditions

Seki.M.1,2,Narusaka,M.1,Ishida,J.1,Nanjo,T.2,Fujita,M.1,Oono,Y.2,Kamiya,A.1,Nakajima,M.1,Satou,M.1,Sakurai,T.1,YamaguchiShinozaki,K.3,Ecker,J.R.4,Davis,R.W.5,Theologis,A.6,Carninci, P.7,Kawai, J.7, Hayashizaki, Y.7 and Shinozaki, K.1,2
1
Plant Functional Genomics Gr., RIKEN GSC,2Lab. Plant Mol. Biol. RIKEN Tsukuba Inst., 3JIRCAS, 4Salk
Inst.,5Stanford Genome Cent., 6PGEC, 7Genome Sci. Lab.,RIKEN
Full-length cDNAs are essential for functional analysis of plant genes2). Using the biotinylated CAP trapper method,
we constructed full-length cDNA libraries from Arabidopsis plants1),2). Until now, we obtained 102,601 3'-ESTs. The 3'end ESTs could be clustered into more than ca. 11,000 non-redundant groups. We are planning to collect more than ca.
15,000 independent cDNA groups in the future. We determined full-length cDNA sequences of ca. 1000 RAFL cDNA
clones in collaboration with the Arabidopsis SSP group of the USA(PI: Drs. Ecker, Theologis and Davis) as of April 18,
2001. We are planning to determine full-length cDNA sequences of ca. 10,000 RAFL cDNA clones. After determination
of full-length cDNA sequences, the RAFL cDNA clones will be distributed from the RIKEN Bioresources Center and
ABRC. We have used the full-length cDNAs for the microarray analysis of expression profiles of Arabidopsis genes
under drought, cold and high-salinity-stresses3). Our previous results showed that the full-length cDNA microarray is a
useful material to analyze the expression pattern of Arabidopsis genes under drought and cold stresses, and to identify
target genes of stress-related transcription factors and potential cis-acting DNA elements by combining the expression
data with the genomic sequence data3). Recently, we prepared a new version of full-length cDNA microarray containing
ca. 7000 independent full-length cDNA groups to analyze the time course of gene expression in response to drought-,
cold-, high salinity- and ABA-treatments. In this meeting, detailed characterization of the drought-, cold-, high-salinityand ABA-inducible genes will be presented. 1) Seki et al. (1998) Plant J. 15: 707-720. 2) Seki et al. (2001) Plant Physiol.
Biochem. 39: 211-220. 3) Seki et al. (2001) Plant Cell 13: 61-72.
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The identification of transcription factors regulating temperature and water stress
responses

Volker Haakea, Daniel Cookb, Jose-Luis Riechmanna, Mike F. Thomashowb, and James Z. Zhanga
a
Mendel Biotechnology, 21375 Cabot Boulevard, Hayward, CA 94545
Plant growth is strongly inhibited by abiotic stresses such as low temperature and drought. In response to those
stresses, plants have evolved adaptive mechanisms which include the induction of a variety of genes (for example, the
cor, rd, erd and lti genes). So far about 80 water stress responsive genes have been reported. However, because the
biochemical and physiological changes during stress adaptation are complex, this number will probably increase. The
coordinated induction of such a large number of stress responsive genes are likely controlled by regulatory proteins such
as transcription factors. The completion of the Arabidopsis genome sequencing project for the first time provides the
opportunity to identify all transcription factors involved in the stress response through functional genomics on a genome
wide scale. We are using a reverse genetics approach, i.e. a combined approach of gene overexpression and knock-outs,
to understand the roles transcription factors play during adaptation to various stresses. I will show results from the
analysis of the first 500 transcription factors from Arabidopsis, and specifically, results that are related to temperature
and water stress responses. As an example, I will focus on the discovery of a new transcription factor that is part of the
water stress response pathway in Arabidopsis, and illustrate how this discovery is providing new insights in the
understanding of stress adaptation by plants.
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A mRNA cap binding protein, ABCAP, modulates early abscisic acid signal
transduction in Arabidopsis.

Veronique Hugouvieux, June M. Kwak, Julian I. Schroeder
University of California San Diego, 9500 Gilman Drive, La Jolla, CA 92093
Abscisic acid (ABA) is a plant hormone that regulates important stress and developmental responses. A new recessive
ABA hypersensitive mutant, abcap, was isolated. ABCAP encodes a nuclear mRNA cap binding protein homolog that
together with a newly identified cap binding complex subunit, AtCBP20, binds mRNA cap structure. Analyses of responses
to other plant hormones show ABA specificity. DNA chip and northern analyses show that only a few transcripts are
down-regulated in abcap several of which are implicated in ABA signaling. abcap plants show ABA-hypersensitive
stomatal closing, reduced wilting during drought and, interestingly, ABA-hypersensitive cytosolic calcium increases in
guard cells, demonstrating amplification of early ABA signaling mechanisms. ABCAP represents a novel mechanism
for modulation of ABA signaling by a proposed transcript alteration of early ABA signaling elements.
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Effects of ectopic SUPERMAN and CRABS CLAW expression on regulation of INNER
NO OUTER and ovule morphogenesis

Meister, R. J., and Gasser, C. G.
University of California, Davis
The Arabidopsis ovule can serve as an useful model for polar growth and development in plants. The expression
pattern of a key regulator of ovule development, INNER NO OUTER (INO), not only responds to the proximal/distal
axis of the developing primordia but may also influence the abaxial/adaxial domains of the emerging outer integument.
Maintenance of the normal expression pattern of INO within the ovule primordia requires SUPERMAN (SUP or FLO10),
a known regulator of both floral and ovule development. Using the INO promoter to express SUP inhibits the growth of
the outer integument and provides additional evidence that SUP is formally a negative regulator of INO. In contrast,
expression of CRABS CLAW (CRC), a gene closely related to INO, under the INO promoter increased growth of the
adaxial domain of the outer integument and indicates that the INO coding region or protein may be directly involved in
regulation by SUP. Analysis of reporter gene expression from the INO promoter in several mutant and transgenic
backgrounds is being used to further clarify the regulatory interactions of these genes.
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Non-cell autonomous function of SHORT-ROOT in root radial pattern formation: 2.
Effect of ectopic SHR expression

Keiji Nakajima, Tal Nawy, Philip N. Benfey
New York University
Radial pattern formation in the Arabidopsis root is a result of stereotypical cell divisions and acquisition of correct
cell fates. Previous studies have suggested that this pattern formation relies on transmission of positional information
between root cells by as yet uncharacterized mechanisms. The SHORT-ROOT (SHR) gene has been implicated in positional
signaling from the stele to the adjacent cell layer, because the gene is expressed exclusively in the stele but affects the
cell fate of the surrounding endodermis. Moreover, SHR is necessary to maintain the expression of SCARECROW
(SCR), which is expressed in the layer adjacent to the stele. In order to understand the role of SHR in the adjacent layer,
SHR was directly expressed in this layer using the SCR promoter. The resulting transgenic plants acquired a novel radial
pattern phenotype in the root. Analysis of cell type specific markers in these transgenic plants revealed a relatively
simple mechanism that controls both cell division and differentiation in a position-dependent manner.
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A gain-of-function mutation at the TOPLESS locus causes shoot to root
transformations during embryogenesis

Jeff Long1, Scott Woody2, M. Kathryn Barton2, Elliot Meyerowitz1
1
California Institute of Technology,2University of Wisconsin-Madison
The temperature sensitive topless-1 (tpl-1) mutation transforms the shoot apical meristem (SAM), the cotyledons,
and hypocotyl into a second root during embryogenesis. Analysis of markers for the SAM and cotyledons (SHOOT
MERISTEMLESS and AINTEGUMENTA) show that the expression of these genes is either absent or reduced, respectively.
Conversely, the expression of SCARECROW, which marks an endodermal layer in the hypocotyl and root of wild-type
embryos, is expanded into the apical half of tpl-1 embryos as early as the globular stage. Expression of a root specific
GUS reporter, LENNY, is found at both poles in tpl-1 and an auxin responsive GUS reporter, DR5, also shows
misexpression in tpl-1 embryos. We have cloned TOPLESS using a map-based approach and show that it encodes a large
protein containing several predicted WD40 repeats. TPL belongs to a 9 member gene family in Arabidopsis. Genetic
data indicate that tpl-1 is a gain-of-function mutation and intragenic suppressors have been isolated.
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A stereotyped mode of death in Arabidopsis cells abutting wound sites.

Sean Cutler and Chris Somerville
Carnegie Institution of Washington
We have used a series of targeted GFP markers to create kinematic portraits of the subcellular events that occur in
response to wounding using live-cell time-lapsed confocal microscopy. These studies reveal that a subset of cells directly
abutting wound sites undergo a stereotyped mode of cell death that occurs 1 - 2 hours after wounding. Numerous events
occur during this time including nuclear contraction, nuclear lobing, release of nuclear contents, disintegration of the
cortical ER network and ultimately cellular collapse and cell death. The simultaneous contraction and lobing of nuclei is
shown to involve the separation of the membranes of the nuclear envelope. We also describe rapid wound-induced
alterations in the structure of fusiform bodies, ER accessory bodies of unknown function, providing direct evidence that
these organelles are structurally dynamic and responsive to wounding.
To probe the specificity of these events we have characterized chemically induced cell death using the herbicide
chloroxynil which triggers many of the events induced by wounding such as callose deposition, fusiform body alterations
and cellular collapse, but not nuclear contraction. Thus, nuclear contractions can be separated from cellular collapse and
other events, suggesting there is specificity to this aspect of wound-induced cell death.
Collectively, our observations suggest a previously unrealized level of complexity in local subcellular responses to
wounding and demonstrate similarities between wounding and the hypersensitive response to pathogen attack at the
cellular level. Our observations raise mechanistic questions as to how wound-induced cellular responses are executed,
whether they are controlled by the same regulatory machinery that controls the dynamics of the hypersensitive cell death
response, and ultimately, what their underlying functions are. As one explanation, we propose that cell death may
function to limit pathogen exploitation of cells compromised by wounding.
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Analysis of Photoprotection-Deficient Arabidopsis Mutants Acclimated to High Light

Talila Golan, Patricia Müller and Krishna K. Niyogi
Dept. of Plant and Microbial Biology, University of California, Berkeley, CA 94720-3102
Plants grown in low light (LL) often suffer photoinhibition and oxidative damage when exposed to high light (HL).
In contrast, plants that are grown in HL are able to acclimate to this environment and do not show the symptoms of light
stress. Rapidly induced mechanisms, such as thermal dissipation of excess absorbed light (qE), are thought to protect
plants during short-term light stress. Arabidopsis mutants that are deficient in qE and/or the synthesis of specific carotenoids
are able to acclimate to HL, suggesting that these mechanisms are not essential for long term photoprotection. To
uncover photoprotective mechanisms that can compensate for the lack of qE and carotenoids, we analyzed HL and LL
wild-type plants and mutants of the following genotypes: (1) npq4, which lacks qE, (2) npq4npq1 double mutant, which
also fails to accumulate the carotenoid zeaxanthin when exposed to HL, and (3) npq4npq1lut2 triple mutant, which also
fails to accumulate the carotenoid lutein. Leaf pigment analysis showed that all plants grown in HL had a bigger total
carotenoid pool size and higher levels of tocopherols. All mutants had significantly higher levels of tocopherols in HL
than the wild type, suggesting a possible compensation for the photoprotection deficiencies. Photosynthetic electron
transport was similar between mutants and wild type in both HL and LL conditions. All HL plants had thicker leaves, due
to both additional cell layers and larger mesophyll cell size, and the ratio of stomates to epidermal cells was also higher.
At the chloroplast level, all HL plants showed much less thylakoid stacking and starch granule size and number than LL
grown plants. In the mutant plants, but not in wild type, we observed chloroplast vesicles of different sizes. In LL plants,
these vesicles occurred at a very low frequency, whereas in HL plants we saw chloroplast vesicles at a very high frequency,
particularly in the double and triple mutants. The contents of these vesicles appeared to be cytoplasmic in origin. Our
results suggest that deficiencies in qE and/or specific carotenoids can affect chloroplast morphology in HL, but can be
compensated for by alternative photoprotective mechanisms, such as elevated levels of antioxidants.
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Identification of herbicide targets using a high-throughput functional genomics
approach

Robert Ascenzi, Douglas C. Boyes, Adel M. Zayed, Rao Mulpuri, Kurt Boudonck, Jeff P. Woessner, Sandy J. Stewart,
Jörn Gorlach, Neil E. Hoffman and Keith R. Davis
Paradigm Genetics, Inc.
Industrialized plant functional genomics can quickly lead to the discovery of novel herbicides and the simultaneous
development of crops resistant to these new herbicides. Herbicides function through an interaction with essential proteins
(considered herbicide targets). A useful herbicide target is one that is required for viability but is distinct from proteins
in non-pest organisms. One way to discover new targets is through using a combination of comparative and functional
genomics. Gene sequences can be compared within a genome and across genomes to identify plant genes that are likely
to be essential yet distinct from animal genes. This comparative work can be complemented by a more direct experimental
approach in which essential genes would be identified by virtue of a lethal phenotype when “knocked out.” We have
used an approach by which pre-determined genes are “knocked out” by antisense or gene silencing in conjunction with
a transactivation system. In such a system, an antisense construct corresponding to a putative target gene is present in a
latent state until combined with a transgene designed to drive expression of the target transgene. The transgenes can then
be combined by sexual crossing and the resulting F1 population screened. This strategy provides an added advantage in
that one is able to immediately know the identity of the target gene, unlike with chemical or insertional mutagenesis. A
validated target gene could then be expressed and the protein screened in vitro against diverse chemical libraries of
compounds in a high-throughput platform. Any hits resulting from such an assay would then lead to in vivo microscreening.
Synthesis of the lead compound followed by greenhouse and field-testing would be the final steps in product development.
We will describe our high-throughput screening procedure and describe examples of our results.
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The analysis of the effects of RNA type and labeling on microarray results

Monica Accerbi, Jeff Landgraf, Robert Schaffer, Ellen Wisman
MSU-DOE Plant Research Laboratory, Michigan State University, East Lansing, MI, 48823-1312
There are a number of different methods being used in probe preparation for microarray analysis. We used different
techniques to label RNA to determine variations within these methods. One consideration is the use of total RNA or
polyA+ extracted RNA. These can be labeled either by 1-step labeling, where fluorescent dye is directly incorporated
into the reverse transcription, or 2-step, where a first strand cDNA is generated then fluorescent dye is incorporated in a
random primed reaction using Klenow. The Arabidopsis Functional Genomic Consortium has constructed a microarray
containing about 11,000 non-redundant ESTs, which is available for the use of the Arabidopsis community. Using this
array, two of these parameters were tested. First, total and polyA+ RNA labeled with the 1-step method, and second,
polyA+ RNA labeled with 1-step and 2-step method were compared. The ratios between the hybridizations were analyzed.
Using stringent spot quality selection criteria, approximately 6,500 ESTs from 4 repetitions were analyzed. Of these, 22.5% showed a greater than 2-fold ratio, suggesting that careful consideration is needed when choosing a labeling
strategy.
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The German Plant Genome Research Initiative (GABI)

Thomas Altmann1, Holger Eickhoff2, Jens Freitag1, Andreas Graner3, Christian Jung4, Werner Mewes5
1
MPI of Molecular Plant Physiology,2MPI for Molecular Genetics, 3IPK Gatersleben,4University of
Kiel,5Munich Information Center for Protein Sequences
The Genome Analysis in the Biological System Plant-GABI is a joint research program supported by the German
Ministry of Education and Research (BMBF) and the German industry. GABI was started in the late 1999 and is being
funded for a period of four years. Out of 190 submitted pre-proposals an international panel of reviewers recommended
71 projects with a total financial volume of more than 80 million DM for further support. Two main research areas are
bunching these activities. The Research Area I covers fundamental research activities, while the Research Area II comprises
more applied activities. Research is being conducted on eight different plant species (Arabidopsis, barley, sugar beet,
rape-seed, potato, poplar, maize, and rye) focussing on the model species Arabidopsis and barley. Nearly 44% of the
total financial support are being spent for the research in these two model species to support 27 single projects. Three
resource centres are developing and providing access to technologies and are generating resources. Furthermore, two
bioinformatics resource centres are providing platforms for data handling and storage, and developing tools for their
analysis and display. 30% of the financial resources in GABI help the activities of the resource centres. The remaining
26% are being spent in order to support the research in the six other species with a special focus on sugar beet. A patent
and licence agency was founded in GABI in order to commercialise and protect the intellectual property rights.
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The FST project: ESTABLISHMENT OF BIOLOGICAL AND COMPUTER RESOURCES
FOR ARABIDOPSIS FUNCTIONAL GENOMICS

S. Balzergue, B.Dubreucq, V. Biaudet, F. Samson, N. Bechltold, S. Chauvin, I. Le-Clainche, F. Le Boulaire1, C.
Cruaud2, R. de Rose1, J. Weissenbach2, G. Pelletier, A. Lecharny, M. Caboche and L. Lepiniec
INRA, 1RhoBio, 2GENOSCOPE
The aim of the project is to set up biological and computer resources allowing to obtain mutants for genes of known
sequences, in order to study their function (in silico reverse genetics). The biological resource is a collection of T-DNA
insertion lines of Arabidopsis thaliana (50 000 primary transformants) from the “Station de génétique” (INRA, Versailles).
The plant material is produced from theses lines for the molecular characterisation of the insertion sites of the T-DNA
(“FST” for Flanking Sequence Tag). After genomic DNA extraction, FSTs are PCR amplified and sequenced (Balzergue
et al., 2001). The sequences are then processed and compared to databases. FSTs are located on the Arabidopsis genome
and graphical outputs show relative positions of predicted genes as well as FSTs among BACs. All the data (FSTs,
molecular data) are stored and managed through an Oracle relationnal database (FLAG-db). Requests are made through
a web server using a blast interface allowing to position any nucleotide sequence on the genome and then localise the
FSTs in the vicinity or within the target sequence. Altogether, this constitutes a powerful tool for functional genomics in
plants. Our data suggest that a fully exploitable FST is obtained for 60% of the insertion lines processed. This includes
lack of primary amplification (16%), bad sequencing (16%) and tandem inserts (8%). To date 6.000 FST have been
obtained. A public database regularly updated (10.000 / year) should be opened in June 2001.
Balzergue et al. (2001) Biotechniques, 30, 496-504.
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Cis-Element/Transcription Factor Analysis (cis/TF): A Method for Discovering
Transcription Factor cis-Element Relationships

Ken Birnbaum1,3 Philip N. Benfey1,3 and Dennis E. Shasha2,3
1
Department of Biology, New York University, New York, New York 10003,2Courant Institute of Mathematical
Sciences, New York University, New York, New York 10012,3All authors contributed equally
In an effort to use computational techniques to reveal function in the Arabidopsis genome, we report a simple new
algorithm, cis/TF, that uses genome-wide expression data and the full genomic sequence to match transcription factors
to their binding sites. Most previous computational methods discovered binding sites by clustering genes having similar
expression patterns and then identifying over-represented subsequences in the promoter regions of those genes. cis/TF
asserts that b is a likely binding site of a transcription factor T if the expression pattern of T is correlated with a measure
of the composite expression patterns of all genes containing b, even when those genes are not mutually correlated. Thus,
our method focuses on binding sites rather than genes. In a test, the algorithm has successfully identified experimentallysupported transcription factor-binding relationships in tests with independent datasets from Saccharomyces cerevisiae.
Our goal is to apply this computational method to cell-type specific expression profiles we are generating in Arabidopsis.
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Enhancer-trap lines for targeted misexpression

Steve Chatfield, Sergio Ulises Sanchez Buelna, Thomas Berleth
University of Toronto, http://www.botany.utoronto.ca/ResearchLabs/BerlethLab/index.html
As part of a conditional activation tagging project, we have generated a collection of 5000 enhancer trap lines
utilising the pBIN mGAL-mGFP5 HDEL #15 construct, produced and tested by Dr J. Haseloff (University of Cambridge,
UK). The construct is currently being modified to include a GUS reporter gene (additional to the GFP5 already present)
to facilitate visualisation of weak expression patterns. At the time of writing more than 2,000 transformants have been
characterized and approximately 200 lines expressing GFP at the seedling stage have been identified. In the majority of
these lines GFP expression appears to be tissue, or organ specific. Further screening and more extensive characterisation
of GFP expression will also be carried out in mature plants and embryos.A second collection of transgenic plants is
being established by random insertion of UAS response elements in the background of an inducible GAL4 source.
Activation-tagging insertions preselected for conditional dominant phenotypes can be crossed into the above enhancertrap lines to restrict expression to specific spatial and temporal patterns. We are particularly interested in genes influencing
embryo and vascular pattern formation.
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Transcription Profiling of the Arabidopsis transcription factors in response to
environmental stresses and developmental cues.

Wenqiong Chen, Nicholas Provart, Hur-Song Chang, Bin Han, Joe Zou, Xun Wang, and Tong Zhu

Torrey Mesa Research Institute, Syngenta Research and Technology, 3115 Merryfield Row, San Diego, CA
92121
Plants have developed various mechanisms to respond to different environmental and developmental stimuli. One
type of responses is through activation or repression of gene expression. Plant transcription factors, as one of the final
components in the signal transduction pathways, play an important role in governing gene expression. In order to
understand the molecular mechanism by which plant transcription factors regulate plant development and responses to
genetic and environmental changes, we have studied more than 400 transcription factors, including those belong to the
AP2/EREBP family, the AtMyb family, the bZIP family, and the zinc finger transcription factors, some of which are
involved in plant stress responses, and monitored their behavior in response to developmental cues using the highdensity oligonucleotide probe array (GeneChip)1. Two families of Arabidopsis transcription factors, AP2/EREBP and
WRKY, were closely monitored in major organs at different developmental stages, and in more than 80 different stress
conditions, including biotic and abiotic stresses. Differentially expressed genes encoded transcription factors in roots,
leaves, and flowers at different developmental stages, and in different stress conditions, were identified. Functional
classification of genes, including those that encoding for transcription factors, based on expression pattern was determined.
In addition, we have also investigated the gene expression profiles for these transcription factors in a number of mutant
backgrounds and identified genes that are potentially the key regulators in plant defense responses. Our results provided
insights into transcriptional regulation and coordination of gene expression in response to environmental and developmental
stimuli.
1. Tong Zhu, et al. (2001) Plant Physiol. Biochem. 39: 1-22
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Functional Genomics of Ozone Stress in Arabidopsis

P.M. Day1, N.A. Eckardt1, and N.V. Fedoroff1,2
1
Life Sciences Consortium and 2Biology Department, Penn State University, University Park, PA. USA. 16802
The molecular basis of ozone’s (O3) phytotoxicity is still not well understood. Recent evidence points to a relationship
between O3 stress and components of the well-characterized pathogen defense response in plants. Exposure of plants to
high levels of O3 leads to rapid formation of necrotic lesions and cell death, mimicking the hypersensitive response to
pathogen infection. We have constructed a microarray containing more than 1,300 stress-specific elements prepared
from Arabidopsis ESTs. These ESTs were obtained through subtractive hybridization experiments including O3 exposure,
salicylic acid treatment, and infection with bacterial and fungal pathogens. More than 500 of the genes corresponding to
the stress-associated ESTs show a peak induction or repression of at least two fold when exposed to 350 ppb O3 for 6 hrs.
Of these, approximately 130 are induced within 1.5 hrs of the treatment. These include a wide range of characterized and
putative transcription factors and signaling genes. Sequence analysis of the upstream regions of these “early response”
genes will be conducted to look for common regulatory elements. These genes are also being targeted for RNAi knockout
and overexpression to identify downstream stress response genes under their control or influenced by their expression.
These will be identified by microarray expression analyses of mutant and wildtype plants under O3 stress.
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ZIGIA - A CENTER FOR FUNCTIONAL GENOMICS IN ARABIDOPSIS

Koen Dekker, Sabine Steiner-Lange, Alexander Yephremov, Teresa Mozo, Sascha Bär, Mark Wolff, Heidrun Häweker,
Eva Schlösser, Christiane Horst, Anne Holstein, Valentina Strizhova
Max-Planck-Institute for Plant Breeding Research, Carl-von-Linne-Weg 10, D-50829 Köln, GERMANY
ZIGIA uses a collection of A. thaliana Columbia lines mutagenised with the autonomous maize transposon En-1/
Spm (hereafter referred to as En) that currently consists of 11,000 individuals, each carrying 1-20 copies of the transposon,
representing on average six independent insertions per plant. This population has been used successfully by groups from
all over the world to study gene-function relationships using forward genetics (11 published mutants) as well as reverse
genetic approaches (6 published mutants). Until September 2000 the population was screened by PCR on DNA pools.
Last year we introduced a new method using DNA arrays, that allows a higher throughput. All transposon-flanking
regions from individual plants are amplified by PCR and subsequently spotted at high density onto nylon membranes. A
single hybridization experiment with a gene-specific probe then allows one to identify candidate mutant plants. Since
the cloning of mutants discovered in the forward screens is frequently hampered by the occurrence of non-tagged
mutation sites such as rearrangements (T-DNA lines) or footprints (En lines), we are also working on the optimization of
the speed and resolution of the segregation analysis. We therefore introduced for Transposon Insertion Display a denaturing
HPLC system, as an alternative to separation on agarose and acrylamide. By direct coupling the DHPLC to a microfraction
collector, purified fractions are obtained that can be used, after reamplification, for sequencing. In addition the system is
used for Transposon Footprint Analysis, e.g. to detect small polymorphism’s in those cases where the presence of a nontagged mutation is suspected. Here, ZIGIA presents recent experiences with these methods, including an estimation of
their efficiency. Our screening facility can be accessed through the ZIGIA project at the Max-Planck-Institute for Plant
Breeding Research in Cologne (http://www.mpiz-koeln.mpg.de/~zigia).
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Transcriptional responses triggered by the RPP7 defense signaling pathway

Thomas Eulgem1, John M. McDowell2, Mahmut Toer3, Eric B. Holub3, Hur-Song Chang4, Tong Zhu4, Xun Wang4, Jane
Glazebrook4 & Jeffery L. Dangl1
1
University of North Carolina, Chapel Hill, NC, USA, 2Virginia Tech, Blacksburg, VA, USA, 3Horticulture
Research International, Wellesbourne, U.K., 4Torrey Mesa Research Institute, San Diego, CA, USA,
Interactions between isolates of the Oomycete pathogen Peronospora parasitica (Peronospora) and distinct
Arabidopsis ecotypes have been extensively used to reveal signaling pathways regulating plant disease resistance. Putative
plant receptor proteins encoded by RPP genes (recognition of P. parasitica) mediate specific recognition of Peronospora
isolates and trigger defense reactions. Two members of this class, RPP7 and RPP8, act via unconventional signaling
cascades and are not dependent on previously established defense regulators, such as EDS1, NDR1, PAD4, NPR1,
RAR1, PBS3 or salicylic acid. Three components of the RPP7 pathway, EDM1, -2 and -3, have been identified by
mutant screens. To define gene expression signatures specific for the RPP7/8 pathways and to identify genes that may be
crucial for effective Peronospora defense, we are currently performing large scale gene expression profiling using
oligonucleotide chips representing roughly 8200 different Arabidopsis genes. Among genes showing Peronospora-induced
expression changes clusters of genes specifically up-regulated by either RPP7 or RPP8 or both could be defined and
categorized by their temporal behaviour. The promoters of early and transiently RPP7/8 activated genes were found to
be significantly enriched with both novel sequence motifs and potential binding sites of known transcription factors.
Comparisons between expression signatures of the rpp7, edm1, -2 and -3 mutants allow predictions of the RPP7 pathway
hierarchy.
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Establishing a Gene Expression Atlas of Arabidopsis thaliana Using Integrated
Genomic Approaches for Transcript Profiling

Yiwen Fang (1), W. Volkmuth (1), G. Espiritu Santo (1), W. Xing (1), S. Miyamoto (1), A. Salazar (1), V. Armendarez
(1), A. Shapiro (1), S. Turk (2), P. van der Hoeven (2), M. van Haaren (2), P. Vos (2) and J. Donson (1)
(1) Ceres, Inc., 3007 Malibu Canyon Road, Malibu, CA 90265, USA; (2) Keygene N.V., Agro Business Park 90,
6708 PW Wageningen, The Netherlands
Transcript profiling has transformed studies of gene expression so that mRNA levels of nearly all genes in an
organism can be analyzed simultaneously. For any sequenced genome, such as Arabidopsis thaliana, transcript profiling
can also ascribe roles to genes of unknown function or to genes identified solely by computational means. At Ceres, we
have generated cDNA microarrays containing more than 11,000 cDNA clones, a majority of which are full-length
clones. To ensure the quality of our microarrays, we have built a Laboratory Information Management System (LIMS)
that tracks E. coli clones, plasmid DNA, PCR fragments, microarray features, experimental samples to data analysis. In
collaboration with Keygene N.V. (The Netherlands), we have also established a comprehensive expression database for
the majority of Arabidopsis genes using cDNA-AFLPTM technology, including those that produce low transcript levels.
In this database, the cDNA-AFLP fragments are linked to their corresponding mRNAs so that information about the
expression level of Arabidopsis genes can be obtained simply by querying the database with a cDNA-AFLPTM gel
profile. In conjunction with GeneChips (Affymetrix), these technologies have provided us with coverage of more than
20,000 Arabidopsis genes, as much as 80% of the transcriptome. Using Ceres’ annotation of the genome, we are also
generating an even more comprehensive microarray-based view of the Arabidopsis transcriptome. We have analyzed a
diverse range of samples representing various tissues/organs, developmental stages, environmental conditions, and a
variety of mutants in order to establish an atlas of gene expression for Arabidopsis. By integration of information from
other resources such as bioinformatics, genetic studies, and protein structures, etc, we are increasing our understanding
of the function of Arabidopsis genes in the context of the whole genome and identifying candidate genes of agronomic
importance.
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Normalization, additive error and systematic bias in gene expression data

David Finkelstein1, Jeremy Gollub1, Fredrik Sterky1, Shauna Somerville1, and J. Michael Cherry2
1

Dept. of Plant Biology Carnegie Institution of Washington, Stanford, CA
Dept. of Genetics, Stanford University, Stanford , CA
Gene expression profiling techniques have inherent systematic biases that require detection and correction by
normalization. Most normalization methods apply a function or constant to correct intensity. The iterative regression
method calculates a linear function of intensity and reduces the variability of expression measurements, when compared
to means methods. The linear model is based on a biological model of gene expression that assumes that for any given
stimulus (y) the typical transcript level will not change and that atypical responsive transcripts can be identified by
comparison to a control (x). Also assumed is that the relative abundance of a transcript does not influence the likelihood
of that gene responding to a given stimulus. By this model, transcript levels should be fit the line y = mx + b where the
slope (m) is 1 and the y intercept (b) is zero. Real data is scaled to remove additive error, log transformed and regressed
to determine m and b. Real normalization functions will differ from the ideal model due to both biological and technical
causes. The temporary removal of outlying data points reduces the influence of biological responses on the normalization
function. Iteration of the method insures robustness and improves accuracy. The applicability of the linear model is then
tested with lack of fit methods. Nonlinear exceptions to the linear biological model are presumed due to technical
causes. In these cases, a nonlinear model is required. Even the ideal fit of a intensity based normalization function
cannot fully correct for some systematic biases. Examples of systematic spatial biases in cDNA microarrays are presented.
2
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Genome Analysis of the SCF and HECT E3 Families in Arabidopsis thaliana

Jennifer M. Gagne, Shinhan Shiu, Brian P. Downes, and Richard D. Vierstra
Cellular and Molecular Biology Program and the Department of Horticulture, University of WisconsinMadison, 1575 Linden Drive, Madison, WI 53706
Genetic analyses indicate that the ubiquitin/26S proteasome pathway is required for many aspects of Arabidopsis
growth and development, including flower, leaf and embryo development, auxin and jasmonate responses, male
gametogenesis, and circadian rhythms. The specificity of the pathway is largely determined by the ubiquitin ligases
(E3s). They recognize appropriate targets and then facilitate the transfer of activated ubiquitin from E2s, resulting in the
formation of an isopeptide bond using the C-terminus of ubiquitin and available lysines within the target. Currently
there are four classes of E3s that have been identified in Arabidopsis: the HECT, SCF, Ring/U-box and APC E3s. The
HECT E3 family shares a common 350-aa HECT domain at their C-terminus, which contains an positionally conserved
cysteine essential for ubiquitin transfer. The N-terminal domain of these proteins is believed to be involved in the
recognition of multiple substrates. Through genome analysis we predict that there are 9 HECT E3s in Arabidopsis
varying in size from 100 to 405kDa. The SCF E3s are four subunit complexes whose specificity is determined by the Fbox family of proteins. F-box proteins contain a ~60-aa N-terminal motif, the F-box, which allows them to associate with
the rest of the SCF E3 complex. They also have a variable C-terminal domain that is responsible for target recognition.
Analysis of the Arabidopsis genome identified >564 possible F-box proteins, making this class the most diverse component
of the pathway. These proteins fall into multiple families based on their F-box motifs and on the nature of their proteinprotein interaction domains. These domains include WD-40s, LRRs, Kelch and Armadillo-like repeats. We currently
have identified T-DNA insertion mutants in 2 of the HECT E3s and 7 of the F-box E3 genes and are analyzing them
phenotypically to determine their function(s) in Arabidopsis. Work supported by a USDA-NRICGP grant 00-353019040 to RDV.
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Microarray Gene Expression Information in TAIR

Margarita García-Hernández1, Leonore Reiser1, Eva Huala1, Lukas Mueller1, Mark Lambrecht1, Aisling Doyle1,Bryan
Murtha1, J.Yoon, Dan Weems2 and Sue Rhee1
1
Carnegie Institution of Washington, 2National Center for Genome Resources
The Arabidopsis Information Resource (TAIR) (www.arabidopsis.org) is a comprehensive repository and information
retrieval system for Arabidopsis genomic data. The first release of TAIR database included information about genes,
markers, clones, maps, and community. The database will be expanded sequentially to accomodate other types of data,
such as gene expression, publications, proteins, germplasm, and other relevant data extracted from the literature. One of
our goals for the current year is to add Arabidopsis microarray gene expression data. Towards that end, we are developing
a database structure that will hold both cDNA- and oligonucleotide-based array data, and eventually other types of
expression data, such as in situ hybridization, northern, reporter genes, and RT-PCR. Our database model follows MGED
(Microarray Gene Expression Database) Group standards to facilitate, among other things, comparability of gene
expression data from different sources. Some of the functionalities of the microarray-expanded TAIR database will
include import and export of expression data, searching expression patterns of genes by name or sequence, searching
expression patterns by experimental conditions or biological samples, linking search results to TAIR gene detail pages
and array elements to the TAIR Sequence Viewer, allowing access to pre-clustered data, and linking experiments to
publications. In addition, we are putting a substantial effort into developing controlled vocabularies to describe TAIR
data objects. We have joined the Gene Ontology consortium and are assisting in developing the GO to accomodate plant
genes. We are also working to develop ontologies to describe treatments and biological samples (anatomy, developmental
stages, and phenotypes), which will be crucial for describing not only microarray experiments, but also many other
types of data in TAIR.
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From microarray expression profiles to gene suppression and back.

A.A. Guevara-García1,2, N.A. Eckardt3, R. Mahalingam1 & N. V. Fedoroff1
1
Life Sciences Consortium & Biotechnology Institute, P.S.U. University Park, PA. USA. 16802.2CINVESTAVIPN, Unidad Irapuato, Gto.,Mexico. & 3Plant Cell, 15501 Monona Dr.Rockville, MD. USA. 20855.
In our laboratory, we have constructed a cDNA microarray comprising ESTs for genes that are induced and repressed
by biotic and abiotic stresses. These ESTs were obtained from PCR-suppression subtractive hybridization libraries
prepared from Arabidopsis thaliana (Columbia ecotype) plants infected with either bacterial or fungal pathogens, exposed
to ozone, or treated with either salicylic acid or methyl jasmonate. Expression profiles were obtained using cDNA from
RNA isolated from plants exposed to different stresses as a probe. These microarray expression analyses have allowed
us to identify specific sets of genes that are up- or down-regulated as consequence of a particular stress. We are now
focussing on the functional and molecular characterization of some of those plant stress responsive genes with the
intention of dissecting their role in the stress-signaling pathway. Our initial efforts have been directed at two transcription
factors * and one mitogen activated protein kinase* that are induced early in plant stress responses. To suppress their
expression, we have made traditional antisense and novel dsRNA constructs for these genes and introduced them in
plants. Additionally, we have made and introduced over-expression constructs to increase the level of gene expression.
We are beginning microarray expression analysis of the transgenic plants to identify downstream response genes controlled
directly or indirectly affected by the targeted genes.
*

GenBank Accession Numbers AAF16756, AB013887 and ATHATMPK3.
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Identification of genes involved in seed quality in Arabidopsis thaliana

Virginie Guyon, Sébastien Baud, Sylvie Wuilleme, Clarisse Jond, Coralie Chauvet, Christine Rochat, Martine Miquel,
Michel Caboche and Loïc Lepiniec
Laboratoire de Biologie des Semences, INRA, Route de St Cyr, 78026 Versailles, FRANCE
As part of a Génoplante project (French Genomic Initiative), we are using the collection of Arabidopsis thaliana TDNA insertion lines of Versailles (Genetics laboratory, INRA Versailles) to isolate mutants affected in seed maturation
and quality. 20,000 T3 progenies have been visually screened for a ‘wrinkled/shrunken’ seed phenotype. Eighty lines
have been selected for further study. Genetic (determinism and tagging of the mutation), biochemical (carbohydrates
and lipids) and molecular analyses (number of T-DNA, cloning of the Flanking Sequence Tag (FST) and expression) are
carried out on seeds propagated under controlled conditions.
As a reference, study of carbohydrate (glucose, fructose, sucrose and starch) and of lipid contents (overall fatty acid
composition and lipid amount) was undertaken during seed development in wild type plant. A first biochemical
characterization of the 80 mutant lines has been achieved and a few interesting mutants have been selected. Detailed
molecular characterization and cytological analyses are under progress on these mutants.
This work is part of a collaboration with several teams involved in other aspects of the mutants characterization (J.
Guéguen, INRA Nantes, proteins; M. Delseny, CNRS Perpignan, storage and LEA proteins; V. Gomord, CNRS Rouen,
proteoglycans; J. Giraudat, ISV Gif, transcriptome; T. Barsby, Biogemma UK, lipid enzyme activities).
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Sannotation: Providing a Unified Whole Genome Annotation of Arabidopsis

Brian J. Haas, Rama Maiti, Dongying Wu, Jeremy Peterson, Maria Ermolaeva, Steven Salzberg, Christopher D.
Town, Owen White, Claire Fraser.
The Institute for Genomic Research
The Arabidopsis sequencing project employed a hierarchical sequencing strategy in which shotgun sequencing was
applied to bacterial artificial chromosomes (BACs). Immediately subsequent to the sequencing of each BAC, annotation
methodologies were utilized to discover genes and other biological features within the sequence. The annotation
methodologies included the use of automated splice site, exon, and gene predictions, in addition to sensitive alignments
generated by sequence database searching programs. More accurate gene and splice site prediction programs have
become available. Additional sequence information such as genome annotation, EST sequences, and full-length cDNAs,
has been deposited in the public archives. As a result of the sequencing and annotation strategy employed, in addition to
the evolution of annotation methodologies during the course of the sequencing project, the current state of the Arabidopsis
genome annotation is best described as heterogeneous.
The Institute for Genomic Research (TIGR) has been funded to reannotate the Arabidopsis genome, providing the
community with an accurate, up to date and unified view of the Arabidopsis genome annotation. The reannotation
process involves the refinement of existing gene models, the identification of undiscovered genes, the examination of
gene names and the assignment of genes to Gene Ontology role categories. This project will exploit the knowledge
gained from the construction and analysis of Arabidopsis gene families and from regions of segmental duplication
within the genome. We have also begun the incorporation of greater than 5000 full-length cDNAs into the reannotation
pipeline, and strategies using comparative genomics are currently being evaluated for their use in identifying novel
genes. Examples demonstrating the utility of TIGRs latest annotation methodologies are provided, and the impact of our
latest strategies and collaborations are discussed. This work is supported by the National Science Foundation.
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The Complete Arabidopsis Transcriptome MicroArray (CATMA) Project

P. Hilson, T. Altmann, S. Aubourg, J. Beynon, F. Bitton, M. Caboche, M. Crowe, P. Dehais, H. Eickhoff, E. Kuhn, S.
May, W. Nietfeld, J. Paz-Ares, W. Rensink, P. Reymond, P. Rouzé, U. Schneider, C. Serizet, A. Tabrett, V. Thareau, M.
Trick, G. van den Ackerveken, P. Van Hummelen, P. Weisbeek, M. Zabeau
The CATMA Consortium (http://jic-bioinfo.bbsrc.ac.uk/CATMA/)
The aim of the CATMA project is the design and production of high quality Gene Specific Tags (GSTs) covering
most Arabidopsis genes, for use in transcription profiling experiments as well as other functional genomic approaches.
The identification of each gene in the five Arabidopsis chromosomes is at the root of a genome-wide effort to study
their expression. Since still only a minority of Arabidopsis genes have been determined experimentally, genome annotation
relies on gene prediction to identify the boundaries of each transcription unit and of the exon(s) within it. We have based
the selection of GSTs on a novel annotation of the Arabidopsis genome completed with a homogeneous set of parameters.
The Specific Primer and Amplicon Design Software (SPADS) has been developed for the selection of specific
regions within genes and the design of primer pairs picked to amplify such regions. Because of the inherent duplicated
nature of the Arabidopsis genome, not all genes will be represented by perfect GSTs. But we estimate that 150 to 500 bp
genomic fragments will yield gene-specific hybridisation results for over 70% of the SPADS generated GSTs.
The CATMA GSTs are flanked by a limited set of sequences allowing for PCR reamplification and preventing wellto-well cross-contaminations which often plague the storage and dissemination of large-scale clone collections. An
exhaustive set of Arabidopsis GSTs, validated in transcription profiling experiments, should be available in early 2002.
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Glycosyltransferase expression analysis in Arabidopsis thaliana using reporter
genes

Hodge, D. J., Worrall, D., Ross. J., Bowles, D. J.
University of York, Plant Laboratory, Biology Department, U.K.
In plants glycosyltransferases catalyse the addition of a glycosyl group from a Uridine 5-diphospho (UDP)-sugar to
a hydrophobic molecule. They are involved in a wide range of biochemical processes such as, anthocyanin biosynthesis,
hormone conjugation and detoxification of xenobiotics.
A family of 107 putative UDP-glycosyltransferase (UGT) sequences has been identified from the Arabidopsis genome
database [1]. In order to further characterise this family, 36 recombinant UGTs have been screened for activity against
11 related phenylpropanoid compounds [2]. The activity of two of these recombinant proteins, UGT72E2 and UGT72E3,
towards ferulic acid, sinapic acid, coniferyl alcohol and sinapyl alcohol suggests they may play a role in glucosylating
monolignols during lignin biosynthesis. A third recombinant protein UGT84A2 catalysed the production of sinapoyl
glucoside from sinapic acid. This UGT may be involved in sinapoylglucose formation in planta, both during synthesis of
the compound in developing seeds and also in leaves. In leaves sinapoylglucose is converted to sinapoylmalate which
acts as a UVB protectant. A second product formed from the glucose ester is sinapoylcholine which is thought to serve
as a choline reserve in seeds.
The expression patterns of these three UGT genes are being characterised using promoter-GUS fusions transformed
into Arabidopsis. Both UGT72E2 and UGT72E3 have closely related sequences and their expressed proteins glucosylate
similar phenylpropanoids. However, in the promoter-GUS fusion transgenic plants, differences in gene expression profiles
have been observed. In UGT84A2 promoter-GUS fusion transgenic plants, gene expression profiles appear to have
broadly similar patterns to UGT72E2 and UGT72E3. Using these transgenic plants and various mutants such as the
ferulate 5 hydroxylase mutant (fah1), we aim to investigate any possible link between UGT gene expression and lignin
deposition.
[1] Li et al. 2001. J. Biol. Chem 276: 4338-4343
[2] Lim et al. 2001. J. Biol. Chem 276: 4344-4349
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Use of Arabidopsis microarrays for study of gene expression in other plant systems

David Horvath1, Robert Schaffer2, Ellen Wisman2
1
USDA/ARS/RRVARC, 2Michigan State University
Use of Arabidopsis microarrays holds great promise for gaining insight and understanding of signal transduction
processes in this plant. However, numerous interesting questions such as control of dormancy in vegetative propagules
of perennial plants can not yet be addressed in Arabidopsis. Sufficient genomic information and resources are not
always available for other plant systems to allow microarray analysis. Yet, there is significant conservation in plant
genes and regulatory pathways. To determine if there is sufficient conservation between Arabidopsis and other plant
systems to allow use of Arabidopsis microarrays directly, we have screened Arabidopsis arrays with probes developed
from growing apices and mature leaves from leafy spurge, poplar, and wild oat. Two biological replications of the
hybridization were performed on each species. We observed an average of 48%, 55%, and 68% of the genes present on
the Arabidopsis array hybridized to probes derived from wild oat, poplar and leafy spurge respectively. It is recognized
that these values are subject to various factors that may increase or decrease hybridization efficiency. Also, the expression
pattern for many of the genes are consistent with conservation of signaling pathways between these organisms. Expression
of several conserved differentially expressed genes has been further characterized to confirm microarray expression
patterns and to provided insights into the signaling processes controlling bud dormancy in a perennial weed (leafy
spurge). Consequently, it appears that Arabidopsis microarrays can be useful for identifying differentially expressed
genes and signal transduction pathways from diverse plant species.
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Gene tagging system using Ds element: Mapping of Ds-insertion sites transposed
from start loci on chromosome 5

Takuya Ito1, Reiko Motohashi2, Saho Mizukado1, Tetsuya Sakurai2, Motoaki Seki1, 2 and Kazuo Shinozaki1, 2
1
Plant Molecular Biology Laboratory, RIKEN, Japan, and 2Plant Mutation Exploration Team, Plant
Functional Genomics Research Group, RIKEN Genomic Sciences Center, Japan
Transposons are widely used for gene tagging approach in various organisms not only because they have advantage
for gene isolation, but also because they can be remobilized. In order to construct a transposon insertion library, we have
used the maize Ds element. We have produced Ds insertion lines (1) from 3 parental donors Ds-T-DNA lines whose loci
had been mapped on chromosome 5 (2). Genomic DNA flanking inserts have been amplified by using TAIL-PCR, and
the Ds insertion sites were identified for about 1,000 lines. About 60% of Ds were inserted in the open reading frame
(ORF) or in the 5’ or 3’ 500-bp region of the ORF.
About half of the inserts were mapped on chromosome 5, and insertion hot spots were confirmed at the 3 start loci.
Other hot spots were found on north ends of chromosome 2 and 4. Ds tends to transpose to chromosome ends and to
avoid centromere regions. More than half of the transposed Ds did not possess perfect inverted repeat element necessary
for transposition, indicating that it is difficult for these lines to use launching pad for transposition. Albino phenotypes of
15 mutants out of 19 mutants were cosegregated with Ds insertion and were probably tagged, indicating that this system
is good for gene isolation responsible for the mutant phenotype. The insertion site database will be used for in silico
screening of knockout lines.
(1) Ito et al., Plant J. 17, 433. (2) Smith et al. Plant J. 10, 721.
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Generation and Characterization of Gene Trap Lines of Arabidopsis thaliana

Tomohiko Kato, Shusei Sato and Satoshi Tabata
Kazusa DNA Research Institute
In order to establish a system for characterizing gene function by utilizing the genome sequence information, we
have been generating a large number of T-DNA insertion lines using a newly constructed binary vector according to the
in planta vacuum infiltration transformation method. The vector carries a uidA [β-glucuronidase (GUS)] reporter gene
which allows monitoring of promoter activity of the inserted genes, a transposable element Ds for generation of knockout lines in combination with the Ac element, and the cis sequences required for Agrobacterium-mediated transformation.
To date, we have generated a total of 36,000 transgenic lines. Approximately 8% of the 17,000 plants tested for GUS
activity exhibited positive staining. The insertion points which provide the donor loci for transposition of the Ds elements
have been determined by sequencing the flanking regions.
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GAL4-GFP enhancer trap lines — resources for visualizing and manipulating gene
expression in Arabidopsis

R. Kerstetter, J. Haxby, H. Sun, J. Haseloff* and R. S. Poethig
Plant Sciences Institute, Dept. of Biology, University of Pennsylvania, Philadelphia, PA and *Dept. of Plant
Sciences, Cambridge University, Cambridge, UK
Transgenic lines that express the heterologous transcriptional activator GAL4-VP16 in tissue- or cell-specific patterns
have been widely used for regulating gene expression in Drosophila and, more recently, in Arabidopsis. This approach
involves fusing the coding region of a gene-of-interest (GOI) to a GAL4 upstream-activating-sequence (UAS), introducing
this gene into plants by transformation, and then crossing this UAS::GOI line to a line that expresses GAL4-VP16 in a
desired pattern. 5,000 transgenic Columbia lines were generated using an enhancer trap vector containing both a
promoterless GAL4-VP16 and the reporter gene UAS::GFP. 3,500 of these lines were screened for GFP expression in
the root, shoot, and inflorescence and approximately 250 lines with stable patterns of GFP expression in the F4 generation
are currently being characterized. Several interesting expression patterns will be illustrated. DNA sequences flanking
the T-DNA insertions have been determined for about 100 of these lines. The ability of these lines to transactivate gene
expression has been demonstrated by crossing a subset to a transgenic line carrying UAS::GUS. In addition, we have
produced a set of vectors that will facilitate the use of this system for manipulating gene expression, mosaic analysis,
genetic ablation studies, and activation tagging mutagenesis.
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Genomic DNA- vs. RNA-based references in gene expression profiling for the
chromosome 2 of Arabidopsis in response to oxidative stress.

Heenam Kim, Baoping Zhao, Erik C. Snesrud, Brian J. Haas, Chris D. Town, and John Quackenbush
The Institute for Genomic Research, 9712 Medical Center Drive, Rockville, Maryland 20850.
In current protocols, labeled DNA molecules derived from two RNA samples are often co-hybridized to microarrays
to measure gene expression specific to the tested conditions, as compared to that in the reference conditions. The use of
RNA-based references is generally highly effective in providing reproducible high quality results. However, there are
fundamental disadvantages in using such references: they generally fail to hybridize to all the legitimate spot elements
on the arrays, and the gene expression patterns generated with different references can not be directly compared to each
other. As an alternative to RNA-based references, we tested genomic DNA (gDNA) for its ability to be a reliable
universal reference for gene expression profiling, using Arabidopsis as a model system. Co-hybridizations with Arabidopsis
gDNA labeled with Cy3 and Cy5 dyes showed a good correlation between the signals, indicating that labeling and
hybridization reactions with gDNA are consistent. Moreover, independent hybridizations with a duplicate set of gDNA
and cDNA samples produced by oxidative stress responses showed high reproducibility of the experiments that involve
the gDNA references. We also compared the gene expression profiles generated from these references to those from the
RNA-based reference set. For the most part, both results showed the same response genes, although both allowed
identification of additional genes whose expression must be verified. Based on this study, we conclude that gDNA can
serve as a reference for reliable gene expression profiling, and thereby it can provide a simple means based on which
cross-experiment comparisons of gene expression data become now possible.
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Structure and Expression of Phosphate Translocator Genes in Arabidopsis thaliana

Knappe, S.1, Schneider, A.1, Fluegge, U. I.1, and Fischer, K.2
1
Institute of Botany, University of Cologne, Gyrhofstr. 15, 50931 Cologne, Germany, 2Department of
Biochemistry, 1041 E. Lowell Str., Tucson, AZ 85721, USA
Plastids contain various proteins that mediate the exchange of metabolites between the stroma and the cytosol. The
triose phosphate/phosphate translocator (TPT) represents one of the well characterized transport systems of the inner
envelope membrane. In the last years, three other proteins have been isolated from different plants, which are similar to
the TPT and thus belong to the family of phosphate translocator proteins: the phosphoenolpyruvate/phosphate translocator
(PPT), the glucose-6-phosphate/phosphate translocator (GPT), and the ribulose-5-phosphate/phosphate translocator (RPT).
To analyze the structure of these genes, genomic clones were isolated and sequenced. Furthermore all homologous
genes and pseudogenes in Arabidopsis were identified and a phylogenetic tree has been constructed to reveal the
evolutionary relationship of these genes. The expression profiles of the phosphate translocator genes were examined by
means of Northern blot analysis, RT-PCR and promoter-GUS fusions.
Literature: Fluegge, U.I. Annu. Rev. Plant Physiol. Plant Mol. Biol. 50:27-45 (1999)
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New protein-protein interactions using a high thruput yeast two-hybrid system

E.J.Kuhn, S.Vormeyer, H.Lehrach and U.Schneider
Max-Planck-Institute for Molecular Genetics, Ihnestr.73, 14195 Berlin
Protein-Protein interaction mapping using a large-scale two-hybrid screen has been proposed as a way to functionally
annotate large numbers of characterized and uncharacterized proteins predicted by complete genome sequences. We
have chosen to focus on Arabidopsis in view of the imminent availability of the complete nuclear genome sequence in
the public domain. Together with the organelle genomes, this represents the complete blueprint for the entire organism
throughout its lifecycle. At the Max-Planck-Institute for Molecular Genetics we have developed an automated yeast
two-hybrid system for the identification of protein-protein interactions. Within this method preselection and double
counterselection for excluding false positives are combined with robot arraying technology for handling large numbers
of yeast clones. At first, the cDNAs of the MSU-library (OHIO stock) were fused to a LexA-DNA-binding domain and
preselected by yeast growth and ß-galactosidase activity. These fusion proteins were screened against a Gal4-activation
domain Arabidopsis library. The identity of the interacting proteins expressed in individual yeast clones was determined
by DNA hybridization, PCR, restriction and sequence analysis of isolated plasmids. We will use our two-hybrid system
to investigate the complex network of protein interactions in Arabidopsis thaliana. These investigations are part of a
larger plant proteome project involving the characterization of thousands of Arabidopsis proteins on the basis of a broad
spectrum of functional parameters.
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Dissection of chloroplast functions in Arabidopsis by differential expression analysis
of 1900 GSTs

Joachim Kurtha, Claudio Varottoa, Erik Richlyb, Alexander Biehlb, Alexandra Kaldeb, Francesco Salaminib, Dario
Leistera,b
a
ZIGIA, Carl-von-Linné-Weg 10, 50829 Köln, Germany. b Max-Planck-Institut für Züchtungsforschung, Carlvon-Linné-Weg 10, 50829 Köln, Germany.
Transcriptomics analyses the expression of genes during different developmental stages or in response to certain
stimuli and employs microarrays containing large numbers of DNA fragments as either cDNAs, oligonucleotides or
genomic DNA fragments. Higher plant photosynthesis is located in the chloroplast organelle and between 2.500 to 3.100
proteins with chloroplast localisation have been predicted for Arabidopsis thaliana. For a functional genomics approach
we generated by PCR about 1900 chloroplast-relevant gene fragments for the setup of a “plastid-function” microarray.
For this goal a software system was developed to retrieve database information and to design automatically primers
suitable to amplify genes encoding chloroplast-targeted proteins. Expression analyses with complex mRNA probes
obtained from different conditions were performed and the feasibility of this array for the analysis of chloroplast function
will be demonstrated.
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Tissue Profiling using Arabidopsis Microarrays

Jeff Landgraf, Robert Schaffer, Curt Wilkerson, and Ellen Wisman
MSU-DOE Plant Research Laboratory, Michigan State University, E. Lansing, MI 48824-1312
The microarray facility at Michigan State University is part of the Arabidopsis Functional Genomics Consortium
(AFGC), a collaboration funded by the National Science Foundation. One goal of this project is to profile gene expression
patterns from different tissues to be used as a base set of data for expression analyses. RNA isolated from flower, leaf,
root, stem, and silique tissue was compared to a common reference sample on microarrays containing 11,000 ESTs
representing approximately 8,000 unique genes. Comparison of these individual tissues to one another showed an
extraordinary number of differences compared to other types of microarray experiments with up to 30% of the genes
showing differential expression. Approximately 10% of the genes were predominantly expressed in a single tissue with
roots showing the largest number of unique genes. Expression data for this subset of genes was analyzed using the
GeneSpring program from Silicon Genetics. All data sets are available on the Stanford Microarray Database (Genomewww4.Stanford.edu/MicroArray/SMD).
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DNA chip analyses of Arabidopsis guard cell gene expression

Nathalie Leonhardt1, June M. Kwak 2, Julian I. Schroeder 3
University of California, San Diego
Guard cells located within the epidermal cell layer of higher plants form stomatal complexes and are responsible for
regulating gas exchange between leaves and atmosphere. Because guard cells integrate hormone and light signals to
optimize CO2 influx and water loss affecting whole plant growth and physiology, they have become an attractive plant
system to study signal transduction. However, little is known about the regulation of gene expression in guard cells. In
order to reveal genes that are expressed in guard cells and their regulation by ABA, we have performed experiments
using high-density oligonucleotide gene chips (Affymetrix) representing more than 8000 Arabidopsis genes. Using
RNA extracted from highly purified preparations of guard cell protoplasts, transcription profiles of Arabidopsis guard
cells and their responses to ABA were generated. These expression results have been analyzed to identify genes that are
both expressed in guard cells and show ABA-regulated expression. The identification and the analyses of these guard
cell expressed genes combined with molecular genetic and physiological studies will allow further dissection of molecular
events in guard cell signal transduction pathways.
1
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New molecular phenotypes in the dst mutants of Arabidopsis revealed by DNA
microarray analysis

Preetmoninder Lidder1,2, Miguel A. Pérez-Amador4, Mark A. Johnson5, Jeff Landgraf1, Ellen Wisman1 and Pamela J.
Green1,3
MSU-DOE Plant Research Laboratory1, Cell and Molecular Biology Program2, Department of Biochemistry3,
Michigan State University, Universidad Politécnica de Valencia4, University of Chicago5
We have used DNA microarrays to study gene expression in the dst1 mutant of Arabidopsis. A novel selection in
transgenic plants allowed the isolation of dst mutants of Arabidopsis thaliana that elevate the abundance of mRNAs that
contain the plant mRNA instability sequence called DST. The dst mutants offer a unique opportunity to study rapid
sequence-specific mRNA decay pathways in eukaryotes. These mutants show a 3- to 4-fold increase in mRNA levels for
transgene constructs containing DST elements when analyzed by RNA gel blot; however they show no visible aberrant
phenotype. Using microarrays, we were able to identify new genes with altered mRNA abundance in dst1 in addition to
verifying the differential regulation of the transgene constructs used to isolate these mutants. Northern blot analysis was
used to confirm the microarray data for some genes and also to study molecular differences in gene expression between
dst1 and dst2 mutants. These differences revealed previously unknown molecular phenotypes for the dst mutants which
will be helpful in future analyses. Cluster analysis of genes altered in dst1 revealed new co-expression patterns that may
indicate some clues about the nature of the dst1 mutation and the role of the DST-mediated mRNA pathway in plants.
Funding provided by: DOE, USDA and NSF
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FULL LENGTH cDNAs: AN ENTRY POINT TO PLANT FUNCTIONAL GENOMICS

Yu-Ping Lu1, Slava Brover1, Max Troukhan1, Mian Xia1, Yi Wu1, Nickolai Alexandrov1, Ken Feldmann1, Genset Library
Construction and Sequencing Teams2.
1
Ceres, Inc., 3007 Malibu Canyon Rd., Malibu, CA 90265. 2 Genset, S.A. Paris, France
A full-length (FL) cDNA library construction and sequencing strategy was used to find genes for Arabidopsis, maize
and several other plant species and to build an integrated functional genomics platform for Arabidopsis. Tens of thousands
of unique full-length cDNAs from Arabidopsis, maize and other species were identified and sequenced. An analysis of
the population of FL cDNAs revealed the nature of the UTRs, codon usage and encoded protein products for these
species. For example, the second amino acid is Alanine 32 and 40% of the time in Arabidopsis and Zea proteins,
respectively. The higher percentage in Zea corresponds to the increased GC content. In addition, maize UTRs are twice
as long as Arabidopsis UTRs on average. In Arabidopsis the number of “full-length” cDNAs was increased by using
nucleic acid statistics from the population of sequenced FL cDNAs in the design of algorithms and using these algorithms
to predict gene structure in genomic DNA, for which FL cDNAs were not sequenced. In addition, FL corn cDNAs were
employed to identify the coding regions of Arabidopsis genes. PCR products made from the FL cDNAs and other
identified genes were used to build microarrays and to identify genes represented by restriction fragments on
comprehensive cDNA-AFLP gels. Gene-specific primers were generated from the cDNAs as well as the predicted genes
and used in our highly automated Reverse Genetics program to identify knock-out mutants in a comprehensive collection
of T-DNA inserts. The FL cDNAs provided clones for a large fraction of the Arabidopsis ORFs and these are readily
added to expression vectors to study the effects of expressing each ORF in specific cells, tissues, organs and environments.
Specific examples of discoveries about Arabidopsis genes and transcripts will be given and the efficiencies of the
integrated platform based on cDNAs will be described.
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Construction of an Arabidopsis open reading frame library for functional
characterisation of gene families using high-throughput approaches

Claire Lurin, Beate Hoffmann, Michel Caboche and Ian Small
URGV, 2 rue Crémieux, 91057 Evry Cedex
The Arabidopsis genome sequencing program has provided the Plant Biology community with the sequence of
about 26,000 Arabidopsis genes. For about two-thirds of these genes, some idea of the function of the gene product can
be gleaned from sequence similarity to other genes but detailed experimental data are available for only a tiny fraction
of these genes. For the other 30% of the genes revealed by genome sequencing, we have no clues to the function of the
gene product. Hence there remains a huge amount of work before we understand the function of all of the Arabidopsis
genes. To accelerate this analysis, it is crucial to develop high-throughput approaches that allow the functional
characterisation of hundreds of genes in parallel.
The purpose of our project is to develop a novel cloning technique to clone thousands of Arabidopsis open reading
frames (ORFs) into the expression vectors needed for functional analyses. The GatewayTM cloning system from Invitrogen
based on recombinational cloning is used. This system avoids the need for restriction enzymes and ligase and minimises
the screening for correctly cloned inserts. In addition, it is ideally suited to automatisation and therefore provides a
solution for large scale cloning of ORFs into many different expression vectors. The GatewayTM cloning system has been
used recently to characterise hundreds of Caenorhabditis elegans protein-protein interactions [1,2]. Furthermore, this
system allowed Simpson et al. [3] to characterise the intracellular localisation of one hundred human proteins tagged
with GFP.
The methods are currently being optimised in the laboratory on the PPR gene family. The PPR family is a large
family (about 450 genes in Arabidopsis) of organelle-targeted proteins characterized by the presence of tandem arrays of
a 35-amino-acid repeat [4,5]. The function of these proteins is unknown although they are presumed to play various
roles in organelle gene expression.
[1] Walhout et al. (2000) Science 287: 116-122. [2] Reboul et al. (2001) Nature Genetics 27: 332-336. [3] Simpson et al. (2000) EMBO reports
1: 287-292. [4] Aubourg et al. (2000) Plant Mol Biol 42: 603-13. [5] Small and Peeters (2000) Trends Biochem Sci, 25, 46-7.
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Identification and Analysis of Arabidopsis ESTs that are characteristic of noncoding
RNAs

Gustavo C. MacIntosh, Curtis Wilkerson, and Pamela J. Green1
MSU-DOE Plant Research Laboratory, Michigan State University
Sequencing of the Arabidopsis genome has led to the identification of thousands of new putative genes based on the
predicted proteins they encode. Genes encoding tRNAs, ribosomal RNAs and snoRNAs have also been annotated.
However, emerging data indicate that one potentially important class of genes has largely escaped detection. These are
the genes that correspond to RNAs that lack significant open reading frames and appear to encode RNA as their final
product. Accumulating evidence indicates that such “noncoding RNAs” (ncRNAs) can play critical roles in a wide range
of cellular processes from protein secretion to gene regulation. Some are naturally occurring antisense RNAs whereas
others have more complex structures. Most of the ncRNA genes recognized to date were identified genetically or by
accident, although emerging data indicate that systematic searches should reveal many more. As a first step, we collected
existing data on Arabidopsis ncRNAs and expanded on this by examining about 20,000 ESTs for characteristics of
noncoding RNAs. About 15 putative Arabidopsis ncRNAs have been reported in the literature or have been annotated.
Several have homologs in other plants, but all appear to be plant-specific with the exception of SRP RNA. Conversely,
none of about 30 ncRNAs reported from yeast or animal systems have homologs in Arabidopsis. To identify additional
genes that appear to encode ncRNAs, we used computational tools to filter out the protein coding genes from those
corresponding to 20,000 EST clones. What remained were more than 40 clones that either had the characteristics of
ncRNAs (19), peptide coding RNAs (pepRNAs)(10) or could not be differentiated between the two categories(10).
Again none of these clones had homologs outside the plant kingdom indicating that most ncRNAs of Arabidopsis are
likely plant-specific. The ESTs used for this analysis included those on the yr 2000 AFGC DNA microarray (http://
afgc.stanford.edu ), and many appear highly regulated in specific microarray experiments. These data indicate that
ncRNAs represent a significant and underdeveloped aspect of Arabidopsis genomics that deserves further study from
multiple perspectives.
1

This work was supported by NSF and DOE grants to PJG
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Differential expression of genes caused by the demethylating agent 5-aza-2’deoxycytidine in Arabidopsis allotetraploids and in the parents A. thaliana and C.
arenosa

Andreas Madlung, Ricardo Masuelli, Anand Tyagi, Brian Watson, and Luca Comai
Dept. of Botany, Box 355325, University of Washington, Seattle, WA
The joining of different genomes in allotetraploids played a major role in plant evolution, but the molecular implications
of this event are poorly understood. We use synthetic hybrids of A. thaliana and C. arenosa to investigate the molecular
events underlying allopolyploidization. The occurrence of frequent gene silencing, which we previously reported, suggests
the involvement of epigenetic phenomena. Changes in DNA methylation were frequent in the recent allopolyploids.
Furthermore, treatment of synthetic allotetraploids and parents with 5-aza-2'-deoxycytidine (5-azaC), an inhibitor of
DNA methyltransferase, resulted in the development of a homeotic syndrome in the synthetic allotetraploids, but not in
the parents. DNA demethylation is known to induce the expression of many suppressed loci, mainly heterochromatic
transposons. In certain cases, this response is accompanied by the hypermethylation and silencing of AGAMOUS and
SUPERMAN. We profiled mRNAs in control and 5-azaC treated parents and allotetraploids by AFLP-cDNA and measured
the level of specific RNAs by RT-PCR. We found that DNA demethylation induced and repressed two different sets of
transcripts. Interestingly, in leaves transcription of SUPERMAN was induced by 5-azaC and by antisense RNA suppression
of MET1, as if DNA methylation played a role in normal regulation. Comparison of the transcriptional response in
parents and allotetraploids will be presented and correlated to the phenotypic response induced by 5-azaC. The results
are consistent with the hypothesis that these allopolyploids have compromised mechanisms of epigenetic regulation.
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Analysis of plant responses to fungal pathogenesis using Arabidopsis stress
microarrays

Ramamurthy Mahalingam1, Ramesh Raina1,2 and Nina Fedoroff1,2
1
Life Sciences Consortium and 2Biology Department, Penn State University, University Park campus, PA
16802. USA.
We have constructed an Arabidopsis stress microarray containing approximately 1200 ESTs representing genes that
are induced or repressed in response to biotic (virulent and avirulent strains of the bacterium Pseudomonas syringae and
of the fungus Peronospora parasitica) and abiotic (acute ozone, chronic ozone, salicylic acid, jasmonic acid) stresses
using PCR-based suppression subtractive hybridization. We are conducting time-course expression profiling experiments
using the stress array to study plant-fungus interactions. Arabidopsis ecotype Columbia and pad4 mutant plants infected
with P. parasitica strain Ahco2, Ws ecotype infected with P. parasitica strain Emwa2 were used for analyzing the
compatible interactions. For microarray hybridizations, total RNA was isolated from plants collected at 24-hour intervals
for 6 days starting one day after fungal inoculation. Water-treated control plants were harvested for each time-point. The
experiments were repeated twice and genes exhibiting greater than two-fold induction or repression and displaying a
consistent expression pattern in replicate experiments were subjected to further analysis. Identifying plant genes during
the complex interplay between host and biotrophic pathogen will provide vital information about plant components
during disease progression. Composite information from expression profiling, sequence analysis and the available
biochemical data were used to identify key early stress response signaling and regulatory genes. These predictions are
being tested by creating mutants using dsRNA or antisense constructs to identify subnetworks of regulatory genes and
the cognate effector genes.
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Validation of Hypothetical Gene Predictions in Arabidopsis thaliana by Full-length
cDNA Cloning

Mukesh K. Malik, Brian Haas, Daniel Haft, Owen White, Claire M. Fraser and Christopher D. Town
The Institute for Genomic Research
Analysis and annotation of Arabidopsis thaliana genome has revealed that about 25% of the genes are supported
only by computational predictions with no similarity to known proteins or EST sequences. Many of these “hypothetical
proteins” are closely related to sequences found elsewhere in the genome. We have begun to construct and analyze
protein families containing “hypothetical proteins” with a view to experimental verification of the genes and their
structures. A partial proteome consisting of 14,767 proteins was analyzed and clustered into families using the domainbased GEANFAMMER package. This analysis focuses on “hypothetical proteins” from chromosome 2 which was
completely sequenced and annotated at TIGR. The goals of this research are to demonstrate that the predictions of
hypothetical genes are valid and that the genes are actually expressed, and to elucidate the correct gene structure. The
total number of predicted genes on chromosome 2 was 4037, out of which 1094 were hypothetical (Lin et al, Nature
402:761-768, 1999). Data released since that time has reduced the number of hypothetical proteins (genes with no
GenBank support) to 847. Out of 847 hypothetical genes, 206 are members of gene families and 641 are singletons. We
are using 5’ and 3’ RACE to isolate full-length cDNAs for these hypothetical genes. As template, we employ mRNA
isolated from a variety of tissues/treatments (e.g. callus culture cells, cold, heat, pathogen treated plants), to increase the
probability of amplifying the transcript. The 5’ and 3’-RACE products are sequenced and aligned with genomic sequence
to generate the correct gene structure. So far we have examined 24 genes representing 13 gene families. Fifteen of these
24 have been successfully cloned; the other 9 genes are not expressed in any of the six RNA populations tested. Of the
six genes sequenced to date, five confirm the predicted gene structure while sequence for one gene indicates that the
gene model should be modified. The results from these analyses will be presented. This research was supported by NSF.
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New Methods for SNP Determination and DNA Isolation

Michelle Mandrekar, Rex Bitner, Susan Koller, John Shultz, and Goran Tomicic
Promega Corporation
Rapid improvement in plant species often involves the transfer of a specific allele from one plant strain into another
strain. Identifying offspring from such a cross with the desired genotype requires that allele determinations be performed
on a large number of plants. However, isolating DNA from plants can be a cumbersome task often involving organic
chemicals. In addition, allele determination is often limited by the use of either gel based systems or the high cost of
equipment or modified probes required by high throughput methods. This presentation describes the combination of two
new methods that simplify genotype determinations.
The first method allows high quality DNA isolation from plants using MagneSilTM paramagnetic particles. The use
of such particles allows the purification of the DNA to be performed in a manual method or with the assistance of
automated equipment. The purification methodology has been used with a wide range of plant tissue including leaf,
stem, root and seed. The second system, the READITTM SNP Genotyping System, is used to perform genotype
determinations on the purified DNA following amplification of the desired target sequence. The genotyping system
utilizes a series of coupled enzymatic reactions to generate a light signal dependent upon the sequence of the samples
interrogated. This system also allows the user to match throughput needs to equipment available. Together these systems
provide users with the ability to analyze a very wide number of samples for all types of genetic alterations.
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T-DNA Insertional Mutagenesis of Genes Required for Seed Development

J. McElver1, I. Tzafrir2, G. Aux1, R. Rogers2, Q. Zhou1, J. Tossberg1, T. Nickle2, J.Z. Levin1, D. Meinke2, and D. Patton1
1
Syngenta, Research Triangle Park, NC 27709, 2Department of Botany, Oklahoma State University, Stillwater,
OK 74078
The purpose of this project was to identify large numbers of Arabidopsis genes with essential functions during seed
development. More than 120,000 T-DNA insertion lines were generated following Agrobacterium-mediated
transformation. Transgenic plants were screened for defective seeds and putative mutants subjected to detailed analysis
in subsequent generations. Plasmid rescue and TAIL-PCR were used to recover plant sequences flanking insertion sites
in tagged mutants. More than 4,200 mutants with a wide range of seed phenotypes were identified. Over 1,700 of these
mutants were analyzed in detail. The frequency of multiple insertion sites and percentage of mutants tagged with T-DNA
are consistent with results from other populations. The 350 tagged embryo-defective (emb) mutants identified to date
represent a significant advance towards saturation mutagenesis of EMB genes in Arabidopsis. Plant sequences adjacent
to T-DNA borders in mutants with confirmed insertion sites were used to map genome locations and establish tentative
identities for 167 EMB genes with diverse biological functions. The frequency of duplicate mutant alleles recovered is
consistent with a relatively small number of essential (EMB) genes with non-redundant functions during seed development.
Other functions critical to seed development in Arabidopsis may be protected from deleterious mutations by extensive
genome duplications.
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The Arabidopsis Knockout Facility

Sean Monson, Sarah Benn, Kiersten Iovinella, Pamela Ziegelhoffer, Patrick Krysan, Richard Amasino*, Michael
Sussman and Sandra Austin-Phillips
University of Wisconsin Biotechnology Center and *Department of Biochemistry, University of Wisconsin,
Madison
The availability of a mutant line in which the action of a known, specific gene has been disrupted gives the plant
biologist a powerful tool in understanding the action of that gene. Insertional mutagenesis, using t-DNA from
Agrobacterium, can be used to create a large population of plants containing randomly inserted pieces of foreign DNA.
If the sequence of a gene is known, it is possible to devise a PCR-based strategy to identify a plant where that specific
gene has been disrupted by the insertion of foreign DNA. To fully utilize this technology, it is necessary to saturate the
genome with insertion mutations, and to develop efficient PCR-based screening methods to comb through knockout
plant populations and identify specific mutant plants. Using an initial population of 60,480 lines, PCR methodology was
developed to efficiently screen pooled DNA samples for specific mutant lines. As part of the AFGC, an Arabidopsis
Knockout Facility was established at UW-Madison in October 1999 to give researchers worldwide access to this technology
and to the initial population of mutant lines. Basically users design primers to their specific gene and the Facility
performs two rounds of PCR reactions using these primers and pooled DNA. The first round screens the entire population
and the second narrows down the hit to a particular subset of the population. Another population of 72,960 lines was
produced and made available in November 2000. To date over 500 PI’s have used the Facility and over 2500 first round
and 1800 second round screens have been performed. Approximately 55-60% of screens identify a knockout plant. Full
details of the populations and how to access the Facility are given at http://www.biotech.wisc.edu/Arabidopsis

105

A Comparison of SAGE and DNA Microarrays - Large Scale Analysis of Gene
Expression in Arabidopsis Overexpressing the Tomato Pti4 Gene

Damares C Monte1,4, Fredrik Sterky1, Robert Tuori2, Suma Chakravarthy2, Gregory Martin2, 3, and Shauna Somerville1
1
Carnegie Institution of Washington, Dept. Plant Biology, Stanford, CA, 2Boyce Thompson Institute, Ithaca,
NY, 3Cornell University; Ithaca, NY, 4Embrapa - Genetic Resources and Biotechnology, Brasilia, Brazil
Serial analysis of gene expression (SAGE) and DNA microarrays are two powerful genome-wide methods for
quantification of transcript levels. SAGE has been widely used for absolute and comparative analyses of gene expression.
One challenge in applying the SAGE method to a new organism is to assign SAGE tags to specific genes. We will
present the development of a SAGE map for Arabidopsis. DNA microarrays provide a measure of the relative abundance
of transcripts in the two samples hybridized to the same slide. However, only genes represented by target DNAs on the
microarray slides can be monitored. In contrast, the SAGE method provides a measure of the frequency for all individual
transcripts, a measure reflecting the transcript abundance in the RNA sample. Our goal was to compare results obtained
from these two methods so as to better understand their strengths and weaknesses. The source material for this experiment
was RNA from Arabidopsis plants overexpressing the putative transcription factor Pti4 from tomato and wild-type
Columbia plants. The PTI4 protein was identified by its interaction with the bacterial speck disease resistance protein,
PTO. PTI4 possesses a highly conserved DNA-binding domain that recognizes a core sequence found in the promoters
of several genes that encode ethylene-induced defense-related proteins (e.g. pathogenesis-related proteins). This
comparative experiment is one component of a larger project to determine down-stream targets for PTI4. From a total of
27,000 SAGE tags (13,500 per genotype), 400 genes were identified as differentially expressed in the Pti4 transgenics
relative to the wild-type. Plant material collected under the same conditions will be used to probe the AFGC DNA
microarrays (http://afgc.stanford.edu), which contain ~11,500 cDNA targets. A comparison of the differentially expressed
genes identified with DNA microarrays and SAGE will be presented.
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A High Throughput Targeted System for Altering Gene Expression in Arabidopsis

Rao Mulpuri, Gary Jones, Kurt Boudonck, Doug Boyes, Andreas Klöti, Mary Ward, Neil Hoffman and Keith Davis
Plant Research Department, Paradigm Genetics, Inc., 104 Alexander Drive, PO Box 14528, RTP, NC 27709.
The successful characterization of gene function often requires identification and characterization of a mutant plant
with an altered gene expression. As a key step in our industrialized gene function discovery platform, we have developed
a high throughput system for up- or down-regulating specific genes in Arabidopsis. The system consists of a transgene
containing a DNA binding domain and a transcriptional activation domain (Driver), and a transgene containing the gene
of interest (Target) cloned in sense or antisense orientation behind a minimal promoter and upstream activating sequences
(UAS). The Driver transgene is required to activate expression of the Target. Results will be presented to demonstrate
the spatial and temporal expression patterns of our transactivator and the utility of our system in deciphering the role
several unknown genes. Further, the versatility of our system to include tissue specific promoters and target transgene
expression to specific plant organs, will also be discussed.
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The extent of linkage disequilibrium in the highly selfing species Arabidopsis
thaliana

Magnus Nordborg1, Justin Borevitz2, Joy Bergelson3, Charles Berry4, Joanne Chory2, Jenny Hagenblad5, Martin
Kreitman3, Julin Maloof2, Tina Noyes6, Peter O
1
University of Southern Californa, 2Salk Institute, 3University of Chicago, 4UC San Diego, 5Lund University,
6
Stanford University 5Lund University, 6Stanford Univer
Linkage disequilibrium (or LD) &ndash; the non-random occurrence of alleles in haplotypes &ndash; has long been
of interest to population geneticists. More recently, the rapidly increasing availability of genomic polymorphism data
has led to intense interest in LD as a tool for fine-scale mapping, in particular of human disease loci. The chromosomal
extent of LD is of crucial importance in this context, because it determines how dense a map must be for associations to
be detected, and, conversely, limits how finely loci may be mapped. Arabidopsis thaliana is expected to harbor unusually
extensive LD because of its high degree of selfing. Several polymorphism studies have found extremely strong LD
within individual loci, but also evidence of some recombination. Here we investigate the pattern of LD on a genomic
scale, and demonstrate that in global samples, LD decays over approximately 1&ndash;2 cM, or 250&ndash;500 kb. We
also show that LD in local populations may be much stronger, presumably as a result of founder events. The combination
of a relatively high level of polymorphism and extensive haplotype structure bodes well for the prospects of developing
a genome-wide LD map in A. thaliana.
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Proteomics of Arabidopsis thaliana chloroplasts; prediction, experimentation and
protein-protein interactions

JB Peltier1, O Emanuelsson2, J Ytterberg1, G Friso1, A Rudella1, D Kaluma3, DA Lieberles2, P Roepstorff3, G von
Heijne2, KJ van Wijk1
1
Cornell University, 2Stockholm University, 3Odense University
A combined experimental analysis and genome-wide prediction of the proteome of the thylakoid lumen of chloroplasts
in A. thaliana will be presented. Thylakoid lumen proteins were purified, separated by denaturing 2-DE gels and identified
by matrix assisted laser desorption mass spectrometry and nanospray tandem mass spectrometry. Gene annotation of
numerous lumenal proteins in the A. thaliana database was corrected by sequence tags obtained by mass spectrometry
and by comparison with overlapping EST’s. A number of small protein families, as well as a surprising number of
isoforms were detected and are discussed. Information from the experimentally determined lumenal proteome was used
to provide parameters and cut-off values for a genome-wide theoretical prediction of the thylakoid lumenal proteome,
using modified versions of the cellular localization programs TargetP and SignalP, combined with threshold and patterns
obtained from the experimental set of lumenal proteins. Ca 100 proteins translocated through the TAT pathway were
identified and it is estimated that the lumen contains maximally ca 250 proteins. In addition, we report the identification
of a 350 kDa ClpP protease complex with 10 different subunits in chloroplast of A. thaliana using BN-PAGE, followed
by mass spectrometry. The complex contains chloroplast-encoded pClpP and six nuclear-encoded proteins nCpP1-6, as
well as two unassigned Clp homologues (nClpP7, nClpP8). An additional Clp protein was identified which does not
belong to any of the known Clp genes families and is here assigned ClpS1. Expression and accumulation of several of
these Clp proteins have never been shown earlier. The putative funcationality and location of the different isoforms is
discussed
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A transposon-based method for creating deletions using Cre-lox site specific
recombination.

Surabhi Raina and Nina Fedoroff
Life Sciences Consortium, The Pennsylvania State University, University Park, PA 16802.
email:sxr28@psu.edu
We have constructed a transposon system based on the maize Activator-Dissociation (Ac-Ds) transposon to create
small deletions and inversions in the Arabidopsis genome. For this purpose, we have incorporated loxP recognition sites
for the Cre-recombinase into the donor T-DNA and into the transposon. The donor site T-DNA contains three selectable
markers, a chlorosulfuron-resistant ALS gene, an nptII gene conferring kanamycin resistance and the bacterial cytosine
deaminase (codA) gene as a negative selectable marker. Plants expressing this gene can be killed by 5-fluorocytosine
(5FC). The codA gene allows identification of linked transposition events, as well as inversions and deletions on either
side of the donor T-DNA. The loxP sites have been inserted in both orientations between the codA gene and its promoter
in the T-DNA and in the transposon flanking the hygromycin gene. Inversions and deletions extending in either direction
from the donor T-DNA will separate the codA gene from its promoter, resulting in 5FC resistance. The T-DNA contains
the ALS gene at the right border and the nptII gene at the left border. Both the ALS and nptII genes persist following an
inversion, but one of the two will be eliminated by a deletion. We have identified several lines with transposed elements
at distances of between 6 and 500 kb from the donor T-DNA and will report the results of analyses carried out on progeny
resulting from crosses to plants carrying the Cre-recombinase gene.
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MAtDB - connecting sequences to plant lifestyles

Stephen Rudd, Heiko Schoof, Kai Lemcke, Paolo Zaccaria, Ole Bents, Heidrun Gundlach, Hans-Werner Mewes,
Klaus FX Mayer
MIPS/IBI at the national research center for environment and health (GSF)
The challenge of the post-genomics era is the integration of biological knowledge and genomic data to build
connections between plant lifestyles and genome sequences. The MIPS goal is to model all interactions and pathways in
a computable form that will allow classification and the development of prediction methods.
MAtDB (http://mips.gsf.de) goes beyond being a genome sequence database by including functional, expression
and phenotypic data. MIPS connects both intrinsic and extrinsic data with every gene sequence. Intrinsic data is data
extracted directly from the primary sequence and may be manifested as known gene regulatory elements or protein
domains. Extrinsic data is data derived by association or from experimentation. PEDANT (http://pedant.gsf.de) automates
a suite of bioinformatic analysis tools and provides state-of-the-art analysis of protein sequences. Additional information
is manually annotated.
The MIPS functional catalogue is an ontology that allows hierarchical classification of protein function. The expression
data is currently restricted to cognate ESTs, but tools to integrate expression profile data are implemented. The phenotype
data is classified e.g. according to developmental stages, cell-types or by physiological process affected.
The underlying database uses GAMS (Generic Annotation Management System) to model the genetic elements and
their biological significance and interactions. GAMS is an object-oriented approach to describing genetic data and
allows mapping of interactions and parent-child relationships such as gene-mRNA-protein-complex.
The resulting MAtDB data resource is used as a backbone for the representation and comparison of data from other
plants especially crops. In the GABI project (www.gabi.de) MIPS functions as a bioinformatics centre and correlates
sequence data from plant species as diverse as sugarbeet and barley to Arabidopsis, in this way transferring knowledge
across species.
Presently a major focus at MIPS is to implement data interfaces that facilitate integration of knowledge into MAtDB
from specialists e.g. on receptor-like kinases, transmembrane proteins and resistance genes.
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Microarray analysis using genomic DNA as a common reference

Robert Schaffer, Ellen Wisman
Michigan State University
Global changes in gene expression between two samples using cDNA microarrays can be measured directly on one
array, using a different fluorescent dye for each sample. When more than two samples need to be directly compared then
performing all the pair wise experiments demands an increasing number of arrays. For example, 4 samples would
require 6 arrays and 5 samples would require 10 arrays. To reduce the number of arrays needed, each sample can be
compared to a common reference, making them directly comparable to each other. An ideal common reference for
multiple experiments would be identical in each preparation and would hybridise to every spot on the array. Genomic
DNA would meet both these criteria. We used Accession Columbia 0 (Col-0) as a reference tissue to measure changes in
gene expression between two different time points during the day (at dawn and 12 hours later at dusk). Six Arabidopsis
Functional Genomic consortium (AFGC) 11,000 spot arrays were used for each time point and these were compared to
results using a direct comparison. In addition statistical analysis of gene expression values was conducted. Using a
students t-test, 692 ESTs showed 99% probability of differential expression. This compares with taking an arbitrary
cutoff value of 2 fold or 3 fold which identifies 368 clones or 123 clones respectively. Experiments are currently underway
to validate these results.
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High throughput identification of T-DNA insertion site sequences in Arabidopsis.

Richard Schneeberger, Shing Kwok, Ke Zhang, Kevin Klinger, Francis Orejudos, Josh Drais, Gopal Subramanian
Ceres, Inc.
The availability of the complete Arabidopsis thaliana genomic sequence enables new approaches to develop tools
for Arabidopsis functional genomics. Loss-of-function mutations are a key resource for understanding the role of a gene
in a biological process. Reverse genetics strategies for identifying T-DNA and transposon insertions are well developed.
However traditional PCR screening methods using pooled plant/DNA samples, while effective, are limited by throughput.
DNA sequence based approaches enable direct localization of an insertion sequence (IS) to a particular genomic location
and prediction of possible effect on a target gene’s function. Several methods have been used to isolate DNA sequences
at the site of IS insertion in a chromosome including IPCR, adaptor/vectorette PCR and TAIL-PCR. Ceres has developed
a high throughput platform for the rapid isolation of T-DNA insertion sites in transformed Arabidopsis. The program
uses an integrated sequence determination and analysis pipeline in combination with a modified TAIL-PCR procedure
to allow researchers to begin their reverse genetics screen in silico, using BLAST or a genome annotation viewer. We
have used the TAIL platform to analyze a pilot population of 30,000 independent transformants for left border insertion
sites. A more limited analysis of right border sequences has also been performed. We will present methods and analysis
of the insertion site frequency, genomic distribution, rearrangements and chromosomal location with respect to Ceres
full-length cDNAs and annotated coding sequences.
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Integration of ABRC Information and Order Processing into the TAIR Database

Randy Scholl1, Dan Weems3, Neil Miller3, Leonore Reiser2, Margarita-Garcia-Hernandez2, Seung Y. Rhee2, Doreen
Ware1, Deborah Crist1, Luz Rivero1
1
Arabidopsis Biological Resource Center, Ohio State University; 2Carnegie Institution of Washington;
3
National Center for Genome Resources
The Arabidopsis Biological Resource Center (ABRC) and The Arabidopsis Information Resource (TAIR) have
established a collaborative effort which will enable ABRC’s stocks to be searched and ordered using TAIR. ABRC’s
data activities have been coordinated through the AIMS database at Michigan State University managed by Dr. Sakti
Pramanik. Now all of ABRC’s informatics functions will be assumed by TAIR. The development of the informatics
necessary to achieve this aim is being assumed by the National Center for Genome Resources (NCGR). This transition
is being undertaken so that the sequence, mapping and overall genomics data and capabilities of TAIR can be utilized by
the community to efficiently locate clones and strains of interest for ordering in a straightforward, streamlined fashion.
Ordering, stock information and automated community addition/updating functions are currently being developed in
TAIR, including improvements in the ordering process. The access of ABRC-related functions for users will be
implemented in two phases. First, a basic ordering system for all stocks, DNA stock data integration to genomic information
in TAIR’s database, and a sophisticated interactive community data input system will be installed in summer, 2001 at
which time the AIMS site will no longer be used. Ordering through TAIR will involve user login, searching for stocks
and placement of orders through the TAIR Web site. The second, complete, phase will be installed in late 2001 and will
involve full integration of all ABRC information into TAIR’S database and streamlining the ordering and invoicing
processes. In this full version, all functions will be Web based, sophisticated searches for stocks will be supported and all
existing ABRC data including stock order histories will be integrated into the system. ABRC and TAIR are supported by
grants from the National Science Foundation.
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Development and Distribution of Stocks at ABRC Relevant to Genomic Studies

Randy Scholl, Doreen Ware, Emma Knee, Deborah Crist, Luz Rivero, Jeff Cotrill and Staci Putney
Arabidopsis Biological Resource Center, Department of Plant Biology, Plant Biotechnology Center; Ohio State
University
The Arabidopsis Biological Resource Center (ABRC) maintains many stocks relevant to genome exploration. Among
these, T-DNA lines, associated DNA pools, the BAC genomic clones utilized for the sequencing projects and the EST
collection are critical in terms of the expanded utilization by researchers, the completion of genome sequence and the
current emphasis on functional genomics. Populations of T-DNA transformants, representing 230,000 total lines, have
been received by ABRC from many sources. Some T-DNA lines have been donated in quantities which can be distributed
immediately. Currently, pools representing 130,000 of the above lines exist in quantities large enough for communitywide distribution as seeds for forward genetic screening, and 100,000 additional have been or are being grown and/or
prepared at ABRC for distribution. The T-DNAs employed to generate these lines include enhancer trap, activation
tagging and over-expression constructions, as well as simple insertions. DNA of 12,000 T-DNA lines have been available
for some time. Laboratories utilizing the present T-DNA pools were surveyed to ascertain their degree of success with
these populations, and the results will be presented. The ABRC is presently expanding its holdings of these isolated
DNAs, so that DNA from populations totaling at least 50,000 will be available soon. Cooperation with the Arabidopsis
Knockout Facility (AKF) at the University of Wisconsin has also been in progress for some time. ABRC distributes the
followup seeds associated with their PCR service, and additional collaborations are planned to expand the public reverse
genetic services for the Arabidopsis community. Additional ESTs have been received from C. Benning, which will
significantly enhance the representation of the collections. Additional full-length cDNAs are being received, including
those from J. Ecker/A. Theologis/R. Davis project. The BAC collection at ABRC is being updated. The ABRC is supported
by a grant from the National Science Foundation
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New Stocks Being Added to the Collection at ABRC

Randy Scholl1, Doreen Ware1, Deborah Crist1, Emma Knee1, Luz Rivero1, Jeff Cotrill1, Staci Putney1, Nasser Assem2
and Sakti Pramanik2
1
Dept. of Plant Biology, Ohio State Univ.; 2Dept. of Computer Science and Engineering, Michigan State Univ.
The Arabidopsis Biological Resource Center (ABRC) cooperates with the Nottingham Arabidopsis Stock Centre
(NASC) to collect, preserve and distribute seed and DNA stocks of Arabidopsis. ABRC has previously published stock
information in the AIMS database. Beginning in summer, 2001 informatics activities of the Resource Center will be
assumed by The Arabidopsis Information Resource (TAIR, http://www.arabidopsis.org) with informatics support from
the National Center for Genome Resources (NCGR).
Diverse, new stocks have been added to our collections in the past year, including: A) many new mutant lines, B)
Pools of T-DNA lines, so that the total lines available is near 230,000, C) characterized insertion lines including GFP and
sequence-tagged lines, C) a recombinant inbred population, D) ecotypes from new locations, E) clone accessions, D)
libraries, E) full length cDNA clones, and F) isolated DNA from T-DNA populations.
ABRC is striving to fulfill as completely as possible a number of objectives: a) Enhance the collection of characterized
mutants and clones to reflect to the maximum extent the published mutants and clones; b) Offer insertion populations
that represent as nearly as possible a genome-saturating set of insertions and comprise diverse types of functional
insertions; c) Make available various advanced seed resources arising from genome projects, including sequence-tagged
insertion mutants; d) Incorporate a complete set of full-length cDNA clones; e) Organize and confirm the identity of the
genomic clones related to the published genome sequence data; f) Incorporate enhanced-function clone collections from
genome and other projects such as transformable BACs, and incorporate additional genome-related seed and DNA
resources as they are developed.
During the past year, ABRC distributed approximately 51,000 seed and 25,000 DNA stocks to researchers. ABRC is
supported by the National Science Foundation.
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Expression Analysis of a UDP-glycosyltransferase Gene Family in Arabidopsis
thaliana Utilising Microarray Technology

Spencer, S.P., Ross, J., Bowles, D.J.
The Plant Laboratory, University of York, U.K.
Glycosyltransferase enzymes are responsible for transferring a sugar molecule from an activated donor to a receptor
substrate. Research indicates that one family of these enzymes may be involved in multiple biochemical processes
within the plant, including detoxification, transportation, storage and biosynthesis. By screening the Arabidopsis thaliana
genome database with a peptide motif representing a Uridine Diphospho (UDP)-glucose binding domain, our studies
have identified a putative UDP-glycosyltransferase (UGT) gene family containing 107 members (Li et al. 2001).
A multi-disciplinary approach is being adopted for characterising this Arabidopsis gene family. As part of this
investigation, microarray analysis has been chosen in order to gain an expression profile of all the UGT genes
simultaneously. The UGT family members are closely related with DNA sequence identities up to 95%. Various techniques
are therefore being investigated to try to distinguish between the UGT genes. These include computer programs designed
to identify gene specific regions for PCR fragment arrays, and the use of oligo-arrays. Provisional data is being collected
and validated by a Reverse Transcription Polymerase Chain Reaction (RT-PCR) approach, which is utilising an additional
computer program to ensure optimum and specific primer design within the gene family.
Using these microarrays, we are currently investigating tissue specificities and the effect of wounding on expression
of these UGTs. We also aim to look into other treatments such as pH, light and salinity changes.
Yi Li, Sandie Baldauf, Eng-Kiat Lim, and Dianna J. Bowles; “Phylogenetic Analysis of the UDP-glycosyltransferase Multigene Family of
Arabidopsis thaliana” J. Biol. Chem. 2001 276: 4338-4343.
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GARNet, the Genomic Arabidopsis Resource Network.

Karin van de Sande and Ottoline Leyser
GARNet, University of York, United Kingdom
GARNet, the Genomic Arabidopsis Resource Network is a UK based functional genomics network created to
make full use of the benefits derived from the Arabidopsis Genome Initiative. As part of the BBSRC (the UK Biotechnology
and Biological Sciences Research Council) IGF (Investigating Gene Function) initiative, GARNet will be an international
facility providing tools and services for functional genomics, which is open for applications from all countries. The
produced data will be held in public databases held at NASC and the JIC. GARNet received BBSRC funding for a three
years period to establish the services. After this, the services will continue on a cost recovery basis. GARNet is now in
its second year.
Within the GARNet project, eight different groups, based at different locations in the UK will provide services or
create different resources of functional genomics. The spearpoints of GARNet are metabolite analysis, proteome analysis,
micro array technology combined with database mining and bioinformatics and forward and reverse genetics: (large
insert) binary clone library screening, high copy transposon insertion mutagenesis, sequencing of transposon insertion
sites. Co-ordination of the project is carried out at the University of York.
During the 3 years in which GARNet is funded by the BBSRC, an annual functional genomics meeting will be held
at the University of York. The 2001 meeting will take place on September 27 and 28.
Further information on GARNet can be found at the GARNet website at http://www.york.ac.uk/res/garnet/garnet.htm.
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COMPARISON OF DIFFERENT GENE-FOR-GENE INTERACTIONS IN ARABIDOPSIS
BY EXPRESSION PROFILING USING OLIGONUCLEOTIDE GENOME ARRAYS

Jinrong Wan1, F. Mark Dunning1, Blake Meyers2, Richard W. Michelmore2, Andrew F. Bent1
1
University of Wisconsin-Madison, 2University of California-Davis
Plant disease resistance (R) gene products specify recognition of avirulence (avr) gene products from pathogens and
initiate a series of defense responses, including the hypersensitive response (HR), to control pathogen infection. There
are multiple gene-for-gene relationships in plants and roughly 0.6% of all the genes in Arabidopsis (~168) encode NBSLRR proteins that resemble the largest class of currently known R gene products. In order to identify common and
different components among the defense responses elicited by different avr/R gene interactions, and to relate the structures
of different R gene products to the downstream signaling pathways that they activate, we are studying the mRNA
expression profiles in defense-activated plants. To initiate this work, wild-type Arabidopsis plants (Col-0 ecotype) were
inoculated with Pseudomonas syringae pv. tomato DC3000 expressing avrRpt2, avrRpm1, avrPphB or avrRps4, and
changes in mRNA expression levels were monitored using Affymetrix GeneChip Arabidopsis Genome Arrays.
Reproducibility was examined by doing the above experiments twice. In addition, the same avr/R pathways were also
examined by challenging the plants with non-virulent P. syringae pv. glycinea strains expressing the above avr genes.
Initial analyses of our data sets revealed genes that are regulated only for a particular avr/R interaction, and genes that
are regulated in common for multiple avr/R interactions. Some of these genes have been previously suggested or shown
to be involved in disease resistance, but most of them are either implicated in previously unrelated biochemical processes
or are totally unknown genes.
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Software and Database Design Considerations Utilized In Developing TAIR

Dan Weems1, Bengt Anell2, Bill Beavis1, Guanghong Chen1, Aisling Doyle2, Margarita Garcia-Hernandez2, Eva
Huala2, Mark Lambrecht2, Neil Miller1, Lukas Mueller2, Bryan Murtha2, Leonore Reiser2, Seung Y. Rhee2, Chris
Somerville2, Yihe Wu1, Jungwon Yoon2
1
National Center for Genome Resources, 2935 Rodeo Park Drive East, Santa Fe, New Mexico, 2 Carnegie
Institution of Washington, 260 Panama St., Stanford, California
The Arabidopsis Information Resource (TAIR) (http://www.arabidopsis.org) is an information storage and retrieval
system designed to provide internet access to all public information pertaining to and derived from the Arabidopsis
genome project, in-house analysis and data from the Arabidopsis literature. Central to the development of TAIR is the
design of a database system sensitive to considerations for handling biological data. We incorporated an object-oriented
design that takes its inspiration from the Object Management Group’s (http://www.omg.org/) proposed standards for
biological sequences and genomic maps. Browser interfaces into the TAIR database incorporate Java Servlets and Java
Server Pages (JSP). The data model was designed with on object-oriented paradigm that efficiently provides a data
object pipeline between the Java Servlets/Java Server Pages and the TAIR database. We present our incorporation of a
hierarchical database design utilizing subtype relationships that efficiently allow for the compartmentalization of similar
biological data types (e.g. genes, markers and clones) while enhancing the association of attribution, keyword, community
and reference data with the biological entities.
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An integrated approach to transcription factor functional genomics

Bernd Weisshaar, Ralf Stracke, Marc Jakoby, Martin Werber, Martin Sagasser, Frank Mehrtens, Bernd Reiss, Sirak
Kifle, Marc A. Heim, Koen Dekker
Max-Planck-Institut for Plant Breeding Research, Koeln, Germany
Transcription factors are central components in the regulation of many processes in plant biology. Transcription
factor families are defined by a conserved DNA binding domain that is shared by the members of a given family. Some
of these families, such as R2R3-MYB domain proteins, are thought to be specific to plants. The availability of the
(nearly) complete A. thaliana genome sequence allows assessing the gene inventory of a plant in its entirety. This is
especially important for the analysis of gene families because related factors may have overlapping or redundant functions.
Despite the long history of studying transcriptional regulation in plants, there is, however, little functional information
for the majority of these genes.
Current research in the lab is aiming at the functional dissection of the role of plant transcription factors. Recent
studies have shown that plant transcription factor gene families are surprisingly large. For example, the R2R3-MYB gene
family consists of at least 125 members. A transcription factor cDNA macroarray for parallel gene expression monitoring
was generated. This TF array contains about 250 PCR products specific for R2R3- and R1R2R3-MYB, bZIP, and bHLH
gene family members. The goal is to determine which TF genes show a change in expression level in response to specific
stimuli and/or are differentially expressed in specific plant organs. These data allow to define areas of action of specific
TFs and will help to assay for phenotypic changes in the corresponding mutants. To get access to these mutants, FSTs
(sequences flanking the insertion sites of T-DNA) are generated from a T-DNA-mutagenised A. thaliana population of
70.000 lines.
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DNA microarray analysis of Arabidopsis flower development

Frank Wellmer, Jose Luis Riechmann1, Marcio Alves-Ferreira, and Elliot M. Meyerowitz
California Institute of Technology
We are interested in the differences in gene expression between different floral organs and different floral stages as
well as in the gene expression networks that control and execute the process of Arabidopsis flower development. In
order to study flower development on a genomic level we have constructed a cDNA microarray that is composed of
flower specific transcripts. DNA microarray technology is a centerpiece of functional genomic studies, which allows the
parallel monitoring of the expression of thousands of genes. The Arabidopsis cDNA collections that are publicly available
have been mainly prepared with mixed RNA populations from the different tissues of the plant. Therefore, these collections
are not ideal for constructing a microarray to study flower development, since genes that are specifically expressed in
meristems and flowers are under-represented. In order to increase the representation of genes that are involved in the
processes we are interested in, we have generated subtracted flower-specific cDNA libraries. We have processed about
7,700 clones from these libraries for printing of the cDNA microarray. In addition, we have specifically cloned or
obtained cDNA fragments of approximately 250 genes that are known, or suspected, to play a role in flower development.
Furthermore, the microarray also comprises about 100 elements representing constitutive and control genes as well as
sequences that can be spiked in the experimental samples to monitor the performance of the technique. The resulting
microarray with 8,096 elements was recently completed by the addition of 2,700 flower specific cDNA clones from the
non-redundant Kazusa Arabidopsis-EST collection. We are currently using the cDNA microarray to analyze the spatial
and temporal differences in gene expression during flower development. Furthermore, we are trying to identify the
target genes of several of the many transcription factors that have been shown to be involved in the regulation of flower
development. Preliminary results of these experiments will be presented.
1

permanent address: Mendel Biotechnology, 21375 Cabot Blvd., Hayward, CA 94545, USA
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The AFGC microarray facility at Michigan State University.

Ellen Wisman, Monica Accerbi, Jeff Landgraf, Matt Larson, Sergei Mekhedov, Robert Schaffer, Verna Simon and Pam
Green.
Plant Research Laboratory
The microarray facility at MSU is part of the Arabidopsis Functional Genomics Consortium (AFGC, http://
AFGC.stanford.edu), a collaboration funded by National Science Foundation. Together with the groups of Shauna
Somerville at Carnegie Institute and Mike Cherry at Stanford University we have made DNA microarray technology
available to the academic community. This has been accomplished through the establishment of a service facility and by
providing the data generated to the community through the Stanford Microarray Database (SMD). To date AFGC has
received applications for 86 experiments from 79 customers and has performed 61 experiments. Together with the inhouse AFGC scientific experiments there are now data in SMD from 183 experimental slides and another 120 slides
used for reproducibility tests and the evaluation of labeling technologies. The first AFGC array contained 11,400 DNA
fragments, which have been amplified from the collection of MSU EST clones sequenced by Tom Newman (Newman et
al. 1994). For the second generation of the AFGC array a collection of ~7,400 unique clones from the original array were
supplemented with ~2,000 new seed ESTs (White et al., 2000), ~1,800 other new MSU ESTs and ~3000 GSTs amplified
from genomic DNA using custom primers. Thus, ~14,000 unique genes are represented on the second-generation cDNA
array which will be used for subsequent AFGC full service experiments.
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Analysis of Rubisco Small Subunits in Arabidopsis

Minsoo Yoon1, 2, Jo Putterill1, Gavin Ross2, and William Laing2
1
University of Auckland, 2The Horticulture and Food Research Institute of New Zealand Limited
Rubisco determines the rate of photosynthesis and thus sets the limit to the size of biosphere. Rubisco is consisting
of eight catalytic large subunits and eight small subunits (SSU) of unknown function. The objective of this study is to
characterise the rubisco small subunits, which have been difficult to analyze as closely related members of a multigene
family. In order to overcome the technical difficulties, a new gene expression assay has been developed. With this assay,
we monitored the relative and total levels of SSU gene expression on different environments and correlated them with
their relative protein levels. Based on our observations, it seems that a regulatory process has been adopted consisting of
closely related SSU genes, which have different sensitivities against different environmental cues. In particular, by
changing the SSU gene expression patterns, and thus by changing the relative protein levels, plants might achieve an
optimised SSU composition within an rubisco enzyme. In order to verify the hypothesis, protein characterisation is
underway using different plants including mutants isolated from reverse screening.
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A Genome Approach To Mitochondrial-Nuclear Communication In Arabidopsis

Jianping Yu, Roxy Nickels, Fuli Gao, and Lee McIntosh
MSU-DOE Plant Research Laboratory, Michgan State University, East Lansing, MI 48824, USA
Mitochondria depend on the nuclear genome to encode the vast majority of their proteins, in turn they control the
expression of certain nuclear genes to maintain proper functioning. In this work, Arabidopsis leaves were employed as
a model to study nuclear gene expression in response to inhibition of the mitochondrial electron transport by antimycin
A. Microarrays containing 11,514 Arabidopsis expressed sequence tags supplied through the Arabidopsis Functional
Genomics Consortium (AFGC) were used. Transcript levels of 579 nuclear genes were increased at least 2-fold, and the
levels of 584 nuclear genes were decreased at least 2-fold after antimycin A treatment. While functions of a large number
of the gene products are unknown, others are involved in diverse metabolic activities such as phosphorylation, transcription,
and energy metabolism. Data from microarray experiments were repeatable and were confirmed by northern hybridization
for specific test genes. It was found through cluster analysis that plant cells show significant common response to
chemical inhibition of mitochondrial function, aluminum stress, cadmium stress, hydrogen peroxide, and virus infection.
The results imply that these stresses may act on mitochondria and the responses are in part mediated by mitochondrialnuclear communication. Most nuclear encoded respiratory genes involved in the TCA cycle, electron transport, and ATP
synthesis did not respond to signals from the inhibited mitochondria, while genes for cytochrome c and alternative
oxidase were induced. The result indicates that these two genes may be targets in the transcriptional regulation of the
two respiratory pathways. Custom-made microarrays containing cDNAs that are potentially involved in mitochondrialnuclear communication are used to further investigate the roles of mitochondria in stress response.
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High Throughput Functional Genomic Analysis of Arabidopsis Ecotypes

Adel Zayed, Douglas C. Boyes, Neil E. Hoffman, Robert Ascenzi, Monica Smith, Mukund Patel, J.Cameron Mitchell,
Gajarah Ballard, Amy J. McCaskill, Angela Centra, Alexis Edwards, Timothy A. Sullivan, Donald Todd, Jr., and Keith
R. Davis
Department of Plant Research, Paradigm Genetics, Inc., Research Triangle Park, NC 27709
With the recent completion of the Arabidopsis genome sequencing project the next challenge for plant biologists is
the large-scale determination of the function of all the genes required for normal plant growth and development. It is
equally challenging and important to study gene function in plants growing under environmental stress conditions so
that all genes associated with plant adaptation to environmental stresses can be identified. To meet this challenge, we
have developed a high throughput phenotypic analysis platform in which data from over 100 traits representative of all
stages of Arabidopsis growth and development under standard and stress environmental conditions are collected using
an industrialized process. The high throughput design of the platform allows for the rapid accruement of vast amounts of
information in fairly short time. Plants are grown to full maturity in custom walk-in growth rooms or for only few weeks
on artificial media in Petri plates positioned vertically in growth chambers. Data are collected at a series of experimental
workstations. Each workstation is optimized for a different data collection activity and the plants pass from one station
to the next during the data collection process. Plant and sample tracking, as well as the steps in the data collection
process, are controlled with a customized laboratory information management system (LIMS). We will present data
characterizing the growth and development of a variety of Arabidopsis ecotypes under standard and stress environmental
conditions using our high throughput platform. These data establish the capability of our phenotypic analysis platform to
reveal the significant differences between genetically distinct lines under both standard and non-standard environmental
conditions.
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The participation of ABA in the glucose-mediated regulation in Arabidopsis

A. Arroyo Becerra, F. Arenas, A. Jiménez, A. Cantero and P. León-Mejia
Instituto de Biotecnología, Universidad Nacional Autónoma de México Cuernavaca Morelos 62250 MEXICO
Sugars act as signalling molecules regulating a variety of metabolic and developmental processes in plants. The
evidence so far available points that sugar-mediated regulation in plants, occurs through different signalling pathways.
To define the components of the sugar signalling pathways, a number of Arabidopsis glucose insensitive (gin) mutants
have been isolated. The characterization of such mutants (mainly gin5 , gin6 ) has permitted to propose the participation
of the ABA hormone as an essential element of the glucose signalling cascade (Arenas et al.,2000). In addition, we have
identified a transcriptional factor ABI4, required for proper glucose responses in seedlings. This gene corresponds to an
allele of the previously identified ABI4 gene, involved in ABA response (Finkelstein et al., 1998). To understand the role
of ABI4 in the glucose-mediated signalling process, we have followed its expression and regulation under different
glucose conditions and in different gin mutants. We have found that the expression of the ABI4 gene is regulated directly
by glucose but not by ABA exogenous application in seedlings. We also showed that transcript level of ABI4 is affected
in different of our gin mutants but not in mutants that affect exclusively ABA responses such as abi1 , abi2 and abi3 .
Exogenous ABA application restores a normal glucose phenotype in several of our gin mutants, that demonstrates the
importance of this hormone in the glucose responses. In contrast this phenotypic reversion is not observed in the gin6
mutant, suggesting that this gene act downstream of ABA. The expression of several genes regulated by glucose has
been analysed in the gin6 mutant under different conditions. We have also observed an important developmental regulation
of the glucose-mediated expression of ABI4 . Interestingly, ABI4 has been also implicated in osmotic and salt stress
responses; thus the possible interaction with sugar regulation is discussed. Further physiological and molecular
characterization of gin6 and other gin mutants will also be presented.
Arenas, et al. 2000. Genes Dev. 14: 2085-2096.
Finkelstein et al.. 1998. Plant Cell.10(6):1043-54.
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A Search for Regulators of the Gibberellin Biosynthetic Gene GA1 in Arabidopsis
thaliana

Chien-wei Chang and Tai-ping Sun
Biology Department, Duke University
Accumulating data suggest that environmental factors and internal programs regulate plant development by controlling
gibberellin (GA) biosynthesis and tissue responsiveness to GAs. Our research interests focus on developmental regulation
of the GA1 gene, which encodes copalyl diphosphate synthase catalyzing the first committed step of Arabidopsis GA
biosynthetic pathway. It has been shown that GA1 gene expression is regulated in a cell-type and tissue-specific manner.
A genetic screen was performed using GA1-GUS gene fusion as a reporter to identify mutants defective in trans-acting
factors regulating GA1 gene expression. From an ethylmethane sulfonate-mutagenized M2 population, putative mutants
were isolated based on altered GUS staining pattern at the adult stages. However, reduced GUS staining in several plants
was caused by gene sliencing. In addition, the mutants with increased and ectopic GUS activity did not accumulate a
higher level of the GA1 mRNA. One mutant with elevated level of GUS activity in developing seeds displays maternaleffect embryo lethality. We hypothesize that enhanced GUS activity is due to a loss of a negative regulator that normally
suppresses the GA1 expression and that the expression of the endogenous GA1 gene is tightly controlled by a cis-acting
element that is not included in the GA1-GUS reporter gene. More analyses are currently underway to test this hypothesis.
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The Effects of Biotin Depletion on the Expression of Biotin-Containing Enzymes

Ping Che, Lisa M. Weaver, Eve Syrkin Wurtele and Basil J. Nikolau
Department of Biochemistry, Biophysics and Molecular Biology (P.C., L.M.W. and BJN) and Department of
Botany (E.S.W.), Iowa State University, Ames, IA 50011
Abstract
Biotin is an essential water-soluble vitamin required by all living organisms for normal cellular functions and growth.
It is biosynthesized by plants, some fungi, and most bacteria. Biotin acts as a small coenzyme that binds covalently to a
lysine amino group of carboxylases to facilitate the transfer of CO2 during carboxylation and decarboxylation reactions.
The reactions catalyzed by these enzymes are involved in diverse metabolic processes including fatty acid biosynthesis,
gluconeogenesis, and the catabolism of amino acids. Although the biological functions of biotin have been well recognized,
little is known about the role of this cofactor in regulating gene expression, especially in plants. 3-Methycrotonyl-CoA
carboxylase (MCCase) is a mitochondrial biotin-containing enzyme whose major metabolic role in plants is the catabolism
of leucine. It contains two subunits, the biotinylated, MCC-A subunit and non-biotinylated, MCC-B subunit. As an
initial investigation to ascertain whether and how the expression of biotin-containing enzymes are regulated by their
prosthetic group, biotin, we performed western blot analysis and compared MCCase expression patterns between wildtype and bio1 mutant (bio1 seedlings can not biosynthesize biotin) Arabidopsis plants. We also measured the GUS
activity mediated by MCC-A and MCC-B promoters in both wild-type and bio1 genetic backgrounds. These studies led
to the discovery that MCC-A and MCC-B accumulations were down-regulated (directly or indirectly) by biotin at
translational or/and post-translational level. Although biotin had no effects on MCCase gene transcripts, bio1 plants
gradually lost their ability in response to dark- or CO2-free-adaption when biotin was gradually depleted. These results
indicate that biotin is required for the metabolic control MCC-A and MCC-B genes at the transcriptional level.
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MOLECULAR AND GENETIC STUDIES OF CASTOR BEAN 2S ALBUMIN GENE IN
ARABIDOPSIS

Grace Q. Chen, Thomas A. McKeon, Lucy Liao and Jiann-Tsyh Lin
USDA-ARS West Regional Research Center, Albany, CA 94710
The castor plant has considerable economic value because of its oil-rich seeds. Up to 90% of the fatty acid content
of the oil is 12-hydroxy oleate. As a result, castor oil and products derived from it are used for bio-based lubricants,
paints and coatings, plastics and anti-fungals. The US requires 110 million pounds of castor oil per year, all of which is
imported. The castor plant is not cultivated in the US, because the castor bean from which the oil is obtained contains the
potent toxin ricin as well as highly allergenic proteins. The ultimate goal of our project is to use antisense genes to block
production of these hazardous components in castor bean by genetic transformation of castor plants. The 2S albumin in
castor bean extract has been identified as the major allergen of castor bean (Bashir et al. Int.Arch. Allergy Immunol 115:
73-82; 1998). The genomic DNA for the castor 2S albumin gene has been cloned and sequenced (Irwin & Lord. Nucleic
Acids Res 18: 5890; 1990). To construct effective antisense 2S albumin genes, we have isolated the upstream sequence
of the 2S albumin gene by PCR-based gene cloning. These putative promoters are fused to a GUS reporter gene, and the
constructions introduced into Arabidopsis plant. The regulatory specificity of these promoters is being tested by measuring
the GUS activity in transgenic Arabidopsis.
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TREHALOSE-6-PHOSPHATE SYNTHASE 1 is essential for Arabidopsis embryo
maturation

Peter J. Eastmond1, Anja J.H. van Dijken2, Melissa Spielman3, Aimie Kerr4, Hugh Dickinson3, Jonathan D.G. Jones5,
Sjef Smeekens2 and Ian A. Graham1
1
University of York, 2University of Utrecht, 3University of Oxford, 4University of Glasgow, 5John Innes Centre
Sugars play a pivotal role in plants acting both as carbon currency and as metabolic signals, controlling many
aspects of plant growth and development in response to changes in nutritional status. It has recently been discovered that
genes encoding enzymes responsible for the biosynthesis of the disaccharide trehalose exist in many higher plants, but
that levels of trehalose are generally extremely low. This finding, combined with the observation that over expressing
heterologus genes encoding these enzymes leads to changes in morphology and altered metabolism, has fuelled interest
in the physiological role of the pathway [Goddijn and van Dun (1999) Trends in Plant Sci. 4, 315-319].
An Arabidopsis trehalose-6-phosphate synthase gene (TPS1) encoding the first enzyme of trehalose biosynthesis
has previously been isolated by complementation of the Saccharomyces cerevisiae tps1∆ mutant [Blazquez et al., (1998)
Plant J. 13, 685-690]. Here we report on an Arabidopsis tps1 mutant. The mutant is recessive and embryo lethal. Embryo
morphogenesis is normal but development is retarded and eventually stalls early in the phase of cell expansion and
storage reserve accumulation. The data we will present establishes for the first time that trehalose metabolism plays an
essential role in plants and implicates the pathway in the regulation of metabolism during embryo maturation.
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Identification of 4–Coumarate:Coenzyme A Ligase (4CL) Substrate Recognition
Domains

Jürgen Ehlting, Jane J.K. Shin and Carl J. Douglas
Department of Botany, University of British Columbia
4-coumarate:CoA ligase (4CL), the last enzyme of the general phenylpropanoid pathway, provides precursors for
the biosynthesis of a large variety of plant natural products. 4CL catalyzes the formation of CoA thiol esters of 4coumarate and other hydroxycinnamates in a two step reaction involving the formation of an adenylate intermediate.
4CL shares conserved peptide motifs with diverse adenylate forming enzymes such as: firefly luciferases, non-ribosomal
peptide synthetases, and acyl:CoA synthetases. Amino acid residues involved in 4CL catalytic activities have been
identified, but domains involved in determining substrate specificity remain unknown. To address this, we took advantage
of the difference in substrate usage between the Arabidopsis thaliana 4CL isoforms At4CL1 and At4CL2. While both
enzymes convert 4-coumarate, only At4CL1 is also capable of converting ferulate. Employing a gene family shuffling
approach, we generated various At4CL1/At4CL2 fusion proteins and determined the enzymatic properties of the chimeric
proteins. Two adjacent domains involved in substrate recognition were identified and are referred to as substrate binding
domain I (sbdI) and substrate binding domain II (sbdII). At4CL1 and At4CL2 differ in nine amino acids within sbd I and
four within sbd II, suggesting that these play roles in substrate recognition. Both sbd I and sbd II of At4CL1 alone were
sufficient to confer ferulate utilization ability upon chimeric proteins otherwise consisting of At4CL2 sequences. In
contrast, sbd I and sbd II of At4CL2 together were required to abolish ferulate utilization in the context of At4CL1.
Based on secondary structure predictions sbd I corresponds to a region previously identified as the substrate binding
domain of the adenylation subunit of bacterial peptide synthetases, while sbd II centers on a conserved domain of so far
unknown function in adenylate forming enzymes (GEI/LxIxG). The mechanism by which residues within sbd II dictate
differences in substrate recognition is likely to be indirect. Residues within sbdII may restrict or enhance access of
different substrates to the binding pocket or they might interact with amino acid residues in sbd I that form the substrate
binding pocket and thereby modulate substrate recognition indirectly.
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The pentose phosphate/phosphate translocator from Arabidopsis thaliana: Transport
properties and genomic characterization

Eicks, M.1, Maurino, V.1, Knappe, S., Schubert, S., Flügge, U.-I., Fischer, K.2,
Institute of Botany II, University of Cologne, Gyrhofstraße 15, D-50931 Cologne, Germany; 2 Department of
Biochemistry, Biological Sciences West Building, 1041 E. Lowell Street, Tuscon AZ 85721, USA
By database search we identified the Arabidopsis thaliana EST clone 121I21T7 (accession n° T43612) showing
significant homology to the glucose-6-phosphate/phosphate translocator (GPT) of Pisum sativum. The full-lenght cDNA
encodes a protein of 417 amino acids. The heterologously expressed protein (RPT) was used to study its transport
characteristics. The RPT accepts Pi, trioseP and xylulose-5-P as substrates and is in principle capable of transporting
ribulose-5-P and erythrose-4-P, but lacks the ability to transport glucose-6-P, the main substrate of the GPT. Thus, the
RPT represents a novel, fourth phosphate translocator family. The RPT is encoded by a single-copy gene located on
chromosome V. Differential RT-PCR confirmed that the gene contains no introns. RT-PCR analysis revealed ubiquitous
expression, while promoter-GUS fusions showed expression in vegetative parts such as leaves at all developmental
stages, roots and stems. In the floral tissue, GUS activity was detected in sepals, style and filaments, but not in petals,
young ovaries and anthers. The possible physiological role of the RPT is discussed.
1

These authors contributed equally to this work
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Natural variation in carbohydrate metabolism and partitioning in Arabidopsis
thaliana

Mohamed El-Lithy 1,2, Lidiya I. Sergeeva 1, Diaan Jamar 1, Maarten Koornneef 2, Dick Vreugdenhil 1
1
Lab of Plant Physiology, 2 Lab of Genetics, Wageningen University, Arboretumlaan 4, 6703 BD Wageningen,
The Netherlands
Carbohydrate metabolism and source-sink interactions in Arabidopsis thaliana are studied, in order to understand
plant performance. Genetic variation as present in natural populations (accessions) is used as a tool to unravel the
genetic background of plant performance. Screening of over 100 accessions revealed large variations for: carbohydrate
levels (soluble sugars and starch) in leaves of vegetative plants; diurnal patterns of accumulation of carbohydrates in
leaves; activity of enzymes involved in primary metabolism; export of assimilates from leaves. Levels of soluble sugars
(glucose, fructose and sucrose) in leaves showed a more than 10-fold variation between accessions. Most accessions
accumulated starch in the leaves during the light period, but some did not: starch levels could either be constantly low,
or remain high. In addition activities of several enzymes, determined in light-grown seedlings, showed a large variation,
both in activity and in tissue localisation. Export of assimilates was determined, using the EDTA-exudation technique,
revealing a large variation in total phloem sugars. Crosses are being made between several of the extreme accessions and
the standard strain Landsberg erecta, in order to produce mapping populations, which will allow QTL mapping of the
various traits.
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A Mutation in a Major LHCII Gene Causes a Defect in Thermal Dissipation in
Chlamydomonas reinhardtii

Dafna Elrad1, Kris K. Niyogi 2, Arthur R. Grossman1
1
Carnegie Instition, Stanford ; 2 University of California, Berkeley
Although light is essential for photosynthetic organisms, exposure to excess light can be damaging. Thermal dissipation
of excess absorbed energy in the light-harvesting complex of photosystem II is a short-term photoprotective mechanism.
Thermal dissipation minimizes the accumulation of hazardous reactive oxygen species by both diminishing the excitation
of Photosystem II and reducing formation of triplet chlorophyll in the light-harvesting complex. We are using
Chlamydomonas reinhardtii to study thermal dissipation; dissipation can be measured as non-photochemical quenching
of chlorophyll fluorescence (NPQ). After insertional mutageneis, several mutants defective in NPQ were isolated by
digital video imaging of chlorophyll fluorescence during exposure to high light (Niyogi et al., 1997). One of these
mutants, npq5 was shown to have an insertion in Lhcbm1, a novel gene encoding a major PSII light-harvesting protein.
Transformation with wild-type Lhcbm1 complements the npq5 phenotype. npq5 is specifically defective in qE, the pH
dependent component of NPQ. npq5 shows wild-type state transition, photosynthesis, growth at moderate light and
high-light triggered violaxanthin de-epoxidation. However, LHCII trimer composition is altered in npq5. Pigment analysis
is consistent with a decrease in LHCII trimers; there is an increase in the Chl a:b ratio and a decrease in the both the
amount of Chl b and neoxanthin per cell. Furthermore, under high-light, npq5 suffers both greater photodamage and a
diminished growth rate compared to wild-type. Whether the defect in thermal dissipation is due to the specific deletion
of Lhcbm1 or the general decrease in LHCII trimers is currently being investigated using site-directed mutagenesis.
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CARBONIC ANHYDRASE IN ARABIDOPSIS: ROLE AND REGULATION OF
EXPRESSION

Fernando Ferreira, Tara Narwani, Rowan Sage, John R. Coleman
Department of Botany, University of Toronto
Β-carbonic anhydrase (CA), an abundant foliar enzyme that catalyzes the reversible hydration of CO2, is presumed
to be a component of the photosynthetic carbon assimilation pathway in plants but its role is not yet fully defined.
Although direct evidence is lacking, most data suggest that CA is involved in facilitating CO2 diffusion across cellular
membranes and in the provision of CO2 as a substrate for the primary photosynthetic carboxylase, Rubisco. To better
understand the role of CA in photosynthesis, both antisense and over-expression strategies have been used to modify CA
expression levels and to examine the impact of these changes on Arabidopsis growth and photosynthetic capacity as well
as β-CA isoform and Rubisco expression dynamics. Data show that prior to full expansion of true leaves, low levels of
CA in antisense plants impede seedling growth in high light environments, and that this inhibition can be overcome by
the provision of sucrose in the medium or by elevated concentrations of CO2. The photosynthetic capacity of the cotyledons
appears to be reduced at this stage of growth. Photosynthesis and growth of older antisense plants with low CA activity
is not reduced at ambient levels of CO2, and growth is restricted only at sub-ambient level of CO2. Both CA promoterGUS and -GFP constructs have also been used to determine the effect of CO2 and carbohydrate availability on patterns
and localization of expression.
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Overexpression of early gibberellin biosynthesis genes

Christine Fleet1, Shinjiro Yamaguchi2, Hiroshi Kawaide2,3, Yuji Kamiya2, and Tai-ping Sun1
Duke University; Durham, NC, USA, 2 RIKEN; Wako-shi, Saitama, Japan, 3Current address: Tokyo
University of Agriculture and Technology, Tokyo, Japan.
The plant growth hormone gibberellin (GA) is important for plant growth and development in processes including
seed germination, stem elongation and flower and fruit development. Biosynthesis of GA is regulated by both
environmental and endogenous factors to produce appropriate hormone levels. In the GA biosynthetic pathway, the
precursor geranylgeranyl pyrophosphate is converted to ent-kaurene in reactions catalyzed by copalyl pyrophosphate
synthase (CPS) and kaurene synthase (KS). These enzymes are encoded by the GA1 and GA2 genes of Arabidopsis,
respectively. ent-Kaurene is converted to bioactive GA through a series of GA-intermediates. Overexpression of a 20oxidase gene, whose product catalyzes several downstream steps in GA biosynthesis, is sufficient to confer increased
levels of bioactive GA and some aspects of GA-overdose morphology in Arabidopsis. We are interested in understanding
whether overexpression of GA1 and GA2 in the upstream portion of the GA biosynthesis pathway may also affect GA
biosynthesis overall. Transgenic plants have been generated to express the GA1 and / or GA2 coding regions under the
control of a CaMV 35S promoter. We find that GA1 and GA1/GA2 overexpression lines show increased resistance to the
GA biosynthesis inhibitor paclobutrazol. However, none of the overexpression lines shows aspects of GA-overdose
morphology. GA measurements indicate that the GA2 overexpressor shows no increase in ent-kaurene or early GA
intermediates, while the GA1 and GA1/GA2 overexpression lines produce high levels of ent-kaurene relative to wild
type. None of the overexpression lines has an increase in bioactive GAs (GA1 and GA4) or GA catabolite. Additional
experiments are aimed at understanding how normal levels of bioactive GA may be maintained in plants with high levels
of the early intermediate ent-kaurene.
1
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Natural variation for seed storage lipid characteristics in Arabidopsis thaliana .

Samantha Gill1, Carmel O’Neill1, and Ian Bancroft1.
1
Crop Genetics Department, John Innes Centre, Colney Lane Norwich NR4 7UH.
The principal objective of this work is to develop an understanding at the molecular level of genetic influences upon
seed storage lipid accumulation. Knowledge of lipid levels are important in such crops as the commercially important
Brassica species, however, it is very difficult to clone the genes involved directly from Brassica species due to their large
and complex genomes. To overcome this, we aim to identify the corresponding genes in Arabidopsis thaliana.The initial
stage involves screening different accessions for useful variation and to use that information in a genetic mapping
approach to identify QTLs contributing to the quality and quantity of seed lipids. Twelve accessions were selected after
initial screening of 364 accessions and put forward to generate recombinant inbred lines. It has been observed that seed
lipid traits in the Arabidopsis accessions are influenced by environmental conditions. To study this further, populations
segregating for oil content and desaturation have also been grown in a controlled environment and will be genotyped. It
has also been necessary to develop a suitable marker system for these populations. These are predominantly microsatellite
markers, assayed by multiplexed gel electrophoresis. Now the marker system is in place, genotyping of the F2 populations
has been initiated the results of which, will be analyzed by the QTL Mapmaker program to produce maps of the traits
under study.
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Nitrate, Sugar, and Light Regulation of Amino Acid Transporter Expression

Mengjuan Guo1, Hui-Chu Chang1, Daniel R. Bush1
1
University of Illinois, Program in Physiological and Molecular Plant Biology
In higher plants, amino acids are the currency of nitrogen exchange between sites of primary assimilation and
import-dependent tissues. The partitioning of amino acids in this resource allocation process requires the activity of
several amino acid transporters in the plasma membrane.In the results reported here, we show that the expression level
of one of these transporters is regulated as a function of nutrient status and environmental cues. The transcript of AAP1,
a proton-amino acid symporter, in mature leaf tissue is induced by both nitrogen and carbon sources. AAP1 message is
highly induced in nitrogen depleted plants after feeding KNO3 for 30 min. AAP1 is also induced in dark-adapted plants
after 3 hours of illumination. Light dependent changes in expression may be mediated by a specific photoreceptor or by
photosynthesis-dependent increases in leaf sugar content. We show that both sucrose or glucose feeding induces AAP1
message in dark- adapted plants, suggesting light induction is an indirect effect of sugar-signaling. However, we can not
rule out a role for a photoreceptor and therefore, we are exploring this question directly with defined light treatments and
non-responsive mutants. These results demonstrate that AAP1 expression is regulated by key metabolites that tie its
expression to the global distribution of organic nutrients.
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Structural determinants of Ca2+ transport in the CAX genes

Kendal Hirschi and Toshiro Shigaki
Baylor College of Medicine
Ca2+ levels in plants are controlled in part by H+/Ca2+ exchangers. The Arabidopsis H+/Cation exchangers, CAX1
and CAX2 were identified by their ability to suppress yeast mutants defective in vacuolar Ca2+ transport. CAX1 has a
much high capacity for Ca2+ transport than CAX2, and CAX1 appears to help regulate plant cytosolic Ca2+ levels;
however, the amino acid residues involved in CAX-mediated Ca2+ binding and translocation have not been identified.
An Arabidopsis thaliana homolog of CAX1, CAX3, is 77% identical (93% similar) and when expressed in yeast localized
to the vacuole but does not suppress yeast mutants defective in vacuolar Ca2+ transport. Chimeric constructs and site
directed mutagenesis showed that CAX3 can suppress yeast vacuolar Ca2+ transport mutants if a nine amino acid region
of CAX1 is inserted into CAX3. A single leucine to isoleucine change within this region caused CAX3 to weakly
suppress the yeast Ca2+ sensitivity. Biochemical analysis in yeast showed that these alterations caused increased vacuolar
H+/Ca2+ exchange. This nine-amino acid region is highly variable among the plant CAX-like genes and exchanging the
nine-amino acid region of CAX1 into CAX2 greatly increase the vacuolar Ca2+ transport properties of this chimeric
protein. This study suggests that this region is involved in CAX-mediated Ca2+ transport. We are currently attempting
similar studies to define regions important for CAX mediated metal transport.
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Identification and Characterisation of an Arabidopsis auxin glucosyltransferase

Jackson, R., Worrall, D., Ross, J., Bowles, D.J.
University of York, U.K.
A screen of thirty-six putative Arabidopsis UDP-glucosyltransferases (UGT) synthesised as recombinant fusion
proteins in E. coli led to the identification of a single enzyme capable of conjugating the plant hormone auxin. This
protein has been biochemically characterised and found to have highest activity towards the auxin indole acetic acid
(IAA). The gene encoding this UGT has been shown to be expressed in siliques and at a lower level in roots.
Transgenic over-expressing plants containing the IAA-UGT coding region fused to the constitutive Cauliflower
Mosaic Virus 35S promoter, show a phenotype consistent with reduced auxin levels. The sensitivity of these transgenic
plants to exogenous auxin supports the in vitro substrate specificity of the enzyme. The role of this IAA-UGT and the
IAA-glucose conjugate it produces are the subject of further investigations.
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Molecular genetic analysis of CYP78A mutants in Arabidopsis thaliana

Ho Bang Kim1,Joon-Hyun Park2,Sunghwa Choe3,Frans E. Tax4,David W. Galbraith2, Rene Feyereisen5, Kenneth A.
Feldmann3
1
School of Biological Sciences, Seoul Nat’l Univ., Korea,2Dept. of Plant Sciences, Univ. of Arizona,3Ceres, Inc.,
USA,4Dept. of Mol. Cell. Biolo. Univ. of Arizona,5INRA, France
Cytochrome P450s are involved in the metabolism of most phytohormones including auxin, GA, cytokinin, BR,
ABA, and JA as well as many secondary metabolites in plant cells. Sequencing of the Arabidopsis genome revealed that
it contains six different CYP78A genes, CYP78A5 to 78A10. Gene expression pattern analysis showed that they are
expressed differentially among various tissues. In an effort to elucidate the functional roles of CYP78A genes in A.
thaliana, we isolated knock-out mutants for these genes. Only cyp78A5 mutant showed a visible phenotype having
slightly reduced apical dominance. To further elucidate function and to circumvent gene redundancy, we generated
double mutant lines based on gene expression patterns (cyp78A5/A7) and sequence identity (cyp78A6/A9, cyp78A6/A8
and cyp78A8/A9). A double mutant, cyp78A5/A7, showed pleiotropic phenotypes; short hypocotyls, round rosette leaves,
short petiole, dwarfism, and sterility. Trasngenic lines overexpressing CYP78A7 showed strong apical dominance and
defects in floral development. The defects in floral development were similar to those in transgenic lines overexpressing
CYP78A5. These results suggest that CYP78A5 and CYP78A7 may be involved in the same metabolic network. The
phenotype of cyp78A5/A7 suggests involvement in auxin or GA homeostasis. We will discuss the putative functional
roles of the CYP78A genes in growth and development in Arabidopsis.
This work was supported by Human Frontier Science Program grant no. RG0280/1999-M and USDA grant no. NRICGP9701472.
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Biochemical and Genetic Analysis the HY1 and HY2 Genes for Phytochrome
Chromophore Biosynthesis in Arabidopsis

Takayuki Kohchi1, Keiko Mukougawa1, Munehisa Masuda1, Noriyuki Tsurui1, Akiho Yokota1, Nicole Frankenberg2,
and J. Clark Lagarias2
1
Graduate School of Biological Sciences, Nara Institute of Science and Technology, 2Section of Molecular and
Cellular Biology, University of California at Davis
Phytochrome can recognize light via tetrapyrrolic chromophore, phytochromobilin (PΦB), attached to apophytochrome protein by thioether bond. The Arabidopsis long hypocotyl hy1 and hy2 mutants have defects in light
perception since PΦB is not synthesized. We have isolated the HY1 and HY2 genes by using map-based cloning approach
and found that they encode heme oxygenase and PΦB synthase, respectively. Heme oxygenase catalyzes ring breakage
of heme to biliverdin (BV) with concomitant release of carbon monooxide, and PΦB synthase catalyzes reduction of BV
to PΦB. Both enzymes were localized in plastids and their activities were depending on reduced ferredoxin. By exploiting
the sequence of HY2, genes encoding bilin reductase for the biosynthesis of the pycobiliprotein chromophore were
identified from oxygenic photosynthetic organism. Moreover, molecular identification of HY1 and HY2 finally enabled
us to analyze genetic and biochemical regulation of whole tetrapyrrole biosynthetic pathway for chlorophyll, heme, and
PΦB in plants. Diurnal expression of genes seemed to be important for the metabolic flux of the pathways. We would
like to show recent understanding of the coordinated regulation in tetrapyrrole biosynthetic pathways in plants, in particular,
focused on linkage between phytochrome chromophore biosynthesis and photomorphogenesis in plants.
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Sugar sensing mutants in Arabidopsis

A. Kortstee, C. Huijser and S. Smeekens
Molecular Plant Physiology, University of Utrecht, The Netherlands
How plants perceive sugars and react to changes in their cellular sugar status is still largely unknown. It is becoming
clear that sugar mediated signals are integrated with other pathways such as light-, and hormone signalling pathways.
We isolated Arabidopsis mutants that showed abberant responses to sugars when germinating on various sugars. Mutants
that were able to germinate on low amounts of mannose were named mig (mannose insensitive germination) mutants.
Mutants that were able to develop and grow on a high concentration of sucrose in the medium were named sig (sucrose
insensitive growth). Mutants not able to germinate on high amounts of sucrose were named sss (sucrose super sensitive).
Similar phenotypes were found on high amounts of glucose. Further analysis of several of the mutants showed that the
expression of carbohydrate regulated genes like rbcS (small subunit of Rubisco) and/or AGPase (ADP-glucose
pyrophosphorylase)was altered. The mutants were crossed back to the wildtype and the progeny was analysed. For some
of the mutants linkage between the sugar-sensing phenotype with a transposon insertion could be seen. Cloning of the
flanking DNA revealed the identity of the gene(s) involved. Further genetic and physiological analysis of the mutants
will be discussed.
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Investigation of a novel group of plant hexokinases

Inga Krassovskaya, Anika Wiese, Gabi Fiene, Ulrike Hebbeker, Ulf-Ingo Flügge, Andreas Weber
University of Cologne
Plant hexokinases not only play an important role in plant metabolism, but are also thought to be crucial part of the
complex plant sugar sensing system (Sheen et al., 1999). The molecular nature of all hexokinase-activities that have
been characterized at the biochemical and physiological levels is not yet fully understood. The number of cDNAs
isolated from different plant species encoding putative hexokinases is rapidly increasing. Most plant hexokinases published
in the literature and in sequence databases carry an N-terminal membrane anchor, as it was first described for spinach
hexokinase 1 (SoHxK1; Wiese et. al., 1999). For SoHxK1, we demonstrated that the N-terminal membrane anchor is
required for binding of SoHxK1 to the chloroplast outer envelope membrane. Using a low-stringency hybridization
screening of cDNA libraries from spinach and potato, we identified a new family of hexokinases that does not possess a
membrane anchor. The tissue specific expression of these hexokinases was investigated by RNA gel blot analysis. To
study the in vivo function of these hexokinases, we expressed the endogenous gene in potato under the control of the
35S-CaMV-Promotor in sense and antisense orientations. The resulting transgenic plants with increased and reduced
expression of that novel potato-hexokinase (StHxK2) will be investigated on their possible changes in metabolism as
well as in their possible changes in sugar sensitivity. In addition, we tested the effects of overexpression of HxK2-type
hexokinases in Arabidopsis th. and yeast (see accompanying poster by Wiese et al.).
Sheen et al., 1999; Curr. Opin. Plant Biol. 2, 410 - 418; Wiese et. al., 1999; FEBS Lett. 461, 13 - 18
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Characterisation of the arabidopsis mutant ROOT MERISTEMLESS1

Spencer C Maughan and Christopher S Cobbett
Department of Genetics, The University of Melbourne, Victoria, Australia 3010.
Glutathione (GSH, gamma-glutamylcysteinyl glycine) is a ubiquitous low molecular weight thiol in plant cells
which is important in the development of the root meristem. GSH is synthesised in a two step pathway from its constituent
amino acids by two enzymes, gamma-glutamylcysteine synthetase (GCS) and glutathione synthetase. Previously the
ROOT MERISTEMLESS1 mutant (rml1) has been described (Vernoux et al., 2000). rml1 has a mutation in the GCS gene
and consequently has less than 1% of wild-type levels of GSH. The GSH deficiency in rml1 causes a distinct root
phenotype; rml1 root meristem cells are arrested in cell division at the G1 checkpoint resulting in no postembryonic
development of the root meristem. In this study we investigated the rml1 phenotype using genetic, molecular genetic
and biochemical techniques. Although the root meristem does not undergo cell divisions the shoot meristem continues to
develop producing a stalk and floral structures. In the presence of GSH the root phenotype is rescued however rml1 is
sterile and exhibits a loss of apical dominance appearing bushy. Preliminary GSH data has shown that in both leaves and
roots there is a comparable depletion of GSH. This strongly suggests that GSH has a specific role in the mediation of cell
cycle within the root mersitem. Presently we are investigating the reduced and oxidised pools of glutathione within these
tissues. The role of GSH in cell cycle mediation is being studied by an examination of the expression of the GCS gene
and testing the suppression of the rml1 phenotype by overexpressing a D-type cyclin. In conjunction with these experiments
we are performing kinase assays for Atcdc2a activity.
Vernoux T, Wilson RC, Seeley KA, Reichheld JP, Muroy S, Brown S, Maughan SC, Cobbett CS, Van Montagu M, Inze D, May MJ, Sung ZR.
(2000) The ROOT MERISTEMLESS1/CADMIUM SENSITIVE2 gene defines a glutathione-dependent pathway involved in initiation and
maintenance of cell division during postembryonic root development. Plant Cell. 12(1): 97-110.
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A fluoroorotic acid-resistant mutant of Arabidopsis specifically defective in the
uptake of pyrimidine bases

George S. Mourad, Joshua T. Prabhakar, Bryan M. Snook
Department of Biology, Indiana-Purdue University, Fort Wayne, IN 46805-1499
We have previously isolated a fluoroorotic acid (FOA)-resistant mutant GM302 of Arabidopsis thaliana that was
due to a single nuclear recessive gene for1 (Mourad and Snook, 1997). Uridine monophosphate synthase (de novo
synthesis) and thymidine kinase (salvage synthesis) assays confirmed that FOA resistance in for1/for1 was not due to
amplification of either of these two enzymes. Using 3H-labeled pyrimidine bases, pyrimidine nucleosides, purine bases
and purine nucleosides, for1/for1 plants were defective in the uptake of pyrimidine bases only. Uptake kinetic studies
revealed that for1/for1 plants had decreased affinity for 14C-FOA compared to wild type. We crossed our for1/for1
mutant with the previously isolated fur1/fur1 mutant (Wu and King, 1994) known to be specifically defective in the
uptake of pyrimidine nucleosides. Testing the F1 progeny, we found that for1 and fur1 are two mutant alleles that belong
to two different genetic loci, FOR1 and FUR1 respectively. In addition, we have transformed our for1/for1 mutant using
the uracil transporter gene uraA of E. coli which was PCR-amplified and then fused to the CaMV 35S promoter (p35SuraA). Transformants were complemented and exhibited sensitivity to FOA when included in the growth medium. The
above results strongly suggest that the for1 mutant allele affects a transporter system that is specific for the uptake of
pyrimidine bases. To our knowledge, GM302 (for1/for1) is the first whole plant mutant defective in the uptake of
pyrimidine bases.
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Autoregulation of mRNA Stability of Cystathionine γ -Synthase (CGS), the Key
Enzyme for Methionine Biosynthesis

K. Ominato, H. Akita, A. Suzuki, Y. Shirata, T. Yoshino, Y. Chiba, H. Onouchi and S. Naito
Graduate School of Agriculture, Hokkaido University
CGS catalyzes the first committed step of Met biosynthesis. Studies with Arabidopsis mto1 mutants that overaccumulate soluble Met revealed that the stability of CGS mRNA is downregulated in response to Met application and
that the mto1 mutation abolishes this regulation. Five independently isolated mto1 mutants carried single-base changes
within the coding region of the first exon of CGS, giving rise to amino acid sequence alterations. Transfection experiments
suggested that CGS exon 1 coding region is involved in this regulation and in vitro mutagenesis indicated that it is the
amino acid sequence that has a role in this regulation. Furthermore, co-transfection experiments using two reporter
plasmids suggested that the CGS exon 1 acts in cis. Based on these observations we have proposed a model that this
regulation occurs during translation when the nascent polypeptide of CGS exon 1 is in close proximity to its own mRNA
(Chiba et al. Science 286: 1371-4 1999).
Since the transfection experiments were carried out by studying reporter activities, evidence to show that the exon 1
coding region of CGS directs the downregulation at the level of mRNA was needed. To test this, transgenic Arabidopsis
harboring a chimeric gene in which CGS exon 1 coding region was fused in-frame with GUS or GFP reporter gene and
placed under the control of CaMV 35S promoter were constructed. Northern blot analyses indicated that the exon 1
coding region in fact is necessary and sufficient for downregulating the mRNA accumulation in response to Met application.
In order to determine the functional region within the exon 1 of CGS, we made sequential deletions of the exon 1.
Transfection experiments indicated that a 41 amino acid region of exon 1 is necessary for the downregulation, although
the response was weaker than the full-length exon 1. Alignment of CGS amino acid sequences from 7 plant species
shows that this region is highly conserved whereas the overall homology of the exon 1 region is low. Alanine-scanning
experiments further narrowed down the necessary region to <14 amino acids (aa 76-88), where all the mto1 mutations
were found to be clustered.
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Plastid redox state and sugars – interactive regulators of nuclear encoded
photosynthetic gene expression

Oliver Oswald1, Thomas Martin2, Peter J. Dominy1 and Ian A. Graham3
1
University of Glasgow, 2University of Cambridge, 3University of York
Feedback regulation of photosynthesis by carbon metabolites has long been recognised but the underlying cellular
mechanisms that control this process remain unclear. Using an Arabidopsis cell culture we have recently shown that a
block in photosynthetic electron flux prevents the increase in transcript levels of chlorophyll a/b binding protein (CAB)
and the small subunit of Rubisco (RBCS) that typically occurs when intracellular sugar levels are depleted (Oswald et
al., 2001, PNAS Vol 98: 2047-2052. In contrast the expression of the nitrate reductase (NR) gene, which is induced by
sugars, is not affected. These findings were confirmed in planta using Arabidopsis carrying the firefly luciferase reporter
gene (LUC) fused to the plastocyanin (PC) and CAB2photosynthetic gene promoters. Transcription from both promoters
increases upon carbohydrate depletion. Blocking photosynthetic electron transport with 3-(3’,4’-dichlorophenyl)-1,1’dimethylurea (DCMU) prevents this increase in transcription. We conclude that plastid derived redox signalling can
over-ride the sugar regulated expression of nuclear encoded photosynthetic genes. In the sugar response mutant sun6
(sucrose uncoupled) PC-LUC transcription actually increases in response to exogenous sucrose rather than decreasing
as in the wild type. Interestingly, plastid derived redox signals do not influence this defective pattern of sugar regulated
gene expression in the sun6 mutant. A model, which invokes a positive inducer originating from the photosynthetic
electron transport chain, is proposed to explain the nature of the plastid-derived signal.
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The effect of phytohormones on storage reserve mobilisation during germination in
Arabidopsis

Sarah L. Pritchard and Ian A. Graham
University of York, U.K.
During germination and early post-germinative growth, seed storage reserves are broken down to provide energy
that is required for seedling establishment. Although the regulatory mechanisms controlling germination remain unclear
it is known that in many species the phytohormone Abscisic Acid (ABA) has a role in inhibiting germination whilst
Gibberellic Acid (GA) has a role in promoting germination. In cereals it has been shown that ABA and GA can regulate
the expression of genes involved in the mobilisation of carbohydrate and protein storage reserves during germination. It
has been suggested that the inhibitory effects of ABA on the germination of Arabidopsis seeds may be due to inhibition
of storage reserve breakdown, which would prevent the embryo from obtaining sufficient sugars for growth. We have
investigated the role of ABA in the control of storage lipid and protein breakdown in germinating Arabidopsis. We
demonstrate that whilst ABA treatment does not inhibit the expression of genes involved in lipid breakdown, it does
result in significant metabolic changes, even in ABA insensitive mutants.

150

Dicarboxylate Transport of the Plastidial Membrane

Renné, P.1, Hille, D.1, Koluisaoglu, Ü.3, Schulz, B.1, Flügge, U.I.1 & Weber, A.2
1
University of Cologne, 2University of Wisconsin, 3University of Rostock
Assimilation of ammonia resulting from nitrate reduction and from photorespiration depends on the operation of the
plastidic GS/GOGAT cycle. The precursor for ammonia assimilation, 2-oxoglutarate, is imported into the plastid by a 2oxoglutarate/malate translocator (DiT1). In turn, the product of ammonia assimilation, glutamate, is exported to the
cytosol by a glutamate/malate translocator (DiT2). The import of the precursor for ammonia assimilation and the export
of its product is essential for plant metabolism. A mutant in a plastidic dicarboxylate translocator was shown to be vital
only under elevated CO2 partial pressure (Somerville & Ogren, 1983). We have cloned and functionally expressed both
DiT1 and DiT2 in yeast cells and will present a detailed analysis of the kinetic properties of the recombinant proteins.
The Arabidopsis genome contains three genes, all located on chromosome 5, that show significant homology to spinach
DiT1 (Weber et al., 1995). The expression patterns of two of the three Arabidopsis DiT-homologs were analyzed in
transgenic plants harbouring promoter-repoter gene fusions. Results of this analysis will be presented.
Somerville, S.C. & Ogren, W.L., (1983) PNAS 80, 1290-1294; Weber, A., Menzlaff, E., Arbinger, B., Gutensohn, M., Eckerskorn, C. & Flügge,
U.I., (1995) Biochemistry 34, 2621-2627
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Positional Cloning of a Gene Encoding a Serine Hydroxymethyltransferase Involved
in the Photorespiratory Pathway

Renné, P.1, Kofler,H.1, Hille, D.1, Fischer, K.1, Flügge,U.I.1 & Weber, A.2
1
University of Cologne, 2University of Wisconsin
Serine hydroxymethyltransferase (SHMT) catalyzes the reversible conversion of serine and tetrahydrofolate (THF)
to glycine and 5,10-methylene THF. In the plant photorespiratory pathway, the recycling of 2-phosphoglycolate formed
by the oxygenating activity of RubisCO involves the action of SHMT during decarboxylation of glycine in the
mitochondrial matrix by glycine decarboxylase. SHMT transfers the CO2 resulting from glycine decarboxylation to a
second molecule of Gly, thereby forming one molecule of Ser. Using a positional cloning approach, we have mapped the
defective gene in a photorespiratory Arabidopsis mutant and sequenced the corresponding mutation. The defective gene
maps to 95 cM on chromosome 4. Using CAPS-markers, we could locate the gene defect on BAC F20D10 that contains
a gene encoding a SHMT. Complementation of the mutant by the wild type gene is currently under way. Somerville and
Ogren (1981) have isolated and characterized an Arabidopsis mutant deficient in SHMT and have demonstrated that this
mutant is only viable under elevated CO2 partial pressure (non-photorespiratory conditions). The Arabidopsis genome
contains five genes (SHM1 to SHM5). Recently, McClung et al. (2000) identified a candidate gene encoding the SHMT
involved in photorespiration (SHM1). The map-based genetic approach also led us to SHM1. The redundancy of SHMT
genes obviously is not able to compensate for a loss of function in SHM1, indicating specific roles for SHM2 to SHM5
different from photorespiration.
McClung, C.R., Hsu, M., Painter, J.E., Gagne, J.M., Karlsberg, S.D., Salomé, P.A. (2000) Plant Physiol. 123:381-391; Somerville, C.R. &
Ogren, W.L. (1981) Plant Physiol. 67:666-671.
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Genetic and Structural Analyses on the Arabidopsis Glyoxalase II Family of Enzymes

Sarah Rhee, Trinity Zang, James Gregory, Chris Makaroff
Miami University
Glyoxalase II is part of the glutathione-dependent glyoxalase detoxification system. In addition to its role in the
detoxification of cytotoxic 2-oxo-aldehydes, specifically methylglyoxal, it has been suggested that the glyoxalase system
may also play a role in controlling cell differentiation and proliferation. Because of its role in chemical detoxification,
glyoxalase II has been studied as a potential anti-cancer and/or anti-protozoal target; however, very little is known about
the active site and reaction mechanism of this important enzyme or the exact role(s) of the enzymes in the cell.
We have previously demonstrated that Arabidopsis contains five putative isozymes for glyoxalase II. In order to
better understand the role of the glyoxalase II isozymes in plants we have initiated reverse genetic studies to isolate
mutations in the Arabidopsis GLX2 genes. In addition we have overproduced several of the isozymes and initiated
detailed structure/function studies on the enzymes. Data on the analysis of Arabidopsis GLX2-2 and GLX2-3 will be
presented, including the analysis of knockout mutations for the two genes and structural studies on the two proteins.
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THE LIGHT CONTROLLED REGULATION OF XANTHOPHYLL COMPOSITION IN
LEAVES

Irine Ronin, Merav Cohen and Joseph Hirschberg
Department of Genetics, The Hebrew University of Jerusalem, Givat-Ram, Jerusalem 91904, ISRAEL
Carotenoids composition in leaves is quite conserved among different higher plants. The predominant carotenoid
species are: β-carotene (15-30% of total carotenoids)and the xanthophylls lutein (40-60%), violaxanthin, antheraxanthin,
zeaxanthin and neoxanthin (20-40%). Biosynthesis of carotenoids in leaves is light (i.e. phytochrome) independent.
However, their composition in chloroplasts is influenced by the intensity of light to which the leaf is exposed. Under
strong light the amount of total xanthophylls increases and the ratio between lutein (L) and the xanthophyll-cycle
components, zeaxanthin, antheraxanthin and violaxanthin (Z+A+V),decreases. Conversely, the ratio L:(Z+A+V) increases
in low light. Lycopene cyclization is a branching point in the carotenoid biosynthesis pathway. One branch, leading to αcarotene and lutein, is catalyzed by the ε-cyclase, whereas the second branch, leading to β-carotene and the other
xanthopylls, is catalyzed by lycopene β-cyclase. We have measured the level of expression of the genes Lcy-b and Lcye, encoding lycopene β-cyclase and lycopene ε-cyclase, respectively, in arabidopsis and tomato leaves under different
light intensities. In both plant species the ratio of mRNA levels between Lcy-b and Lcy-e increased five folds under
strong illumination relative to low light.Using a gene-silencing technique we have inactivated the expression of lycopene
ε-cyclase in tomato plants. No apparent phenotype was observed in these plants in spite of the fact that they lacked
lutein. This result indicates that xanthophyll composition in the light-harvesting complexes can be modulated by the
carotenoid biosynthesis flux. The rate of non-photochemical quenching of chlorophyll fluorescence (a measure of the
protective contribution of xanthophylls) was higher in the lutein deficient mutants. These findings indicate that cyclization
of lycopene is a key regulatory step of xanthophyll composition in mature leaves, which contribute to the adaptation of
plants to varying light intensities.
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Sinapoylglucose:choline sinapoyltransferase is a serine carboxypeptidase-like
protein that functions as an acyltransferase in plant secondary metabolism

Amber M. Shirley and Clint Chapple
Department of Biochemistry, Purdue University, West Lafayette, IN 47907
Serine carboxypeptidase-like (SCPL) proteins have traditionally been assigned roles in the hydrolytic processing of
proteins; however, several SCPL proteins have recently been identified as catalysts in transacylation reactions of plant
secondary metabolism. We identified an Arabidopsis mutant, sng2 (sinapoylglucose accumulator 2), that is defective in
the synthesis of sinapoylcholine, the major sinapate ester accumulated in seeds of Arabidopsis and some other members
of the Brassicaceae. The cloning of the SNG2 gene by a combination of map-based and candidate gene approaches and
the expression of SNG2 in Escherichia coli demonstrated that it encodes sinapoylglucose:choline sinapoyltransferase
(SCT). Although SCT catalyzes a transesterification reaction, its homology to SCPL proteins places it in a growing class
of SCPL proteins that function as acyltransferases in plant secondary metabolism. The mechanism by which this class of
SCPL proteins catalyzes acyltransferase reactions is unknown. Classical serine carboxypeptidases employ a catalytic
triad of serine, aspartic acid, and histidine residues for catalysis. The deduced amino acid sequence of SCT, as well as the
other SCPL proteins with known acyltransferase function, shares all three, conserved, catalytic residues. Because SCT
primarily forms inclusion bodies that must be denatured and refolded to generate active protein when expressed in E.
coli, we have expressed SCT in Saccharomyces cerevisiae in order to further characterize the protein and its catalytic
mechanism. The S. cerevisiae vpl1 (vacuolar protein localization 1) mutant, which has been shown to secrete yeast
Carboxypeptidase Y, was used for expression of SCT. In the vpl1 mutant background, approximately 97% of SCT
activity is found in the media. Analysis of SCT expressed in this system will allow for the characterization of the kinetic
parameters of SCT, as well as providing a heterologous system for analyzing the activity of SCT with site-directed
mutations of the proposed catalytic residues. In addition, transformation of the site-directed mutants into the sng2
mutant will also provide for an in vivo analysis of the importance of these proposed catalytic residues.
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Characterization of Lignin-Deficient Mutants

Leslie Sieburth1, Michael Szego2, Ed King1
University of Utah1, McGill University2
Lignin is a cell wall polymer formed from the aromatic products of the phenylpropanoid biosynthetic pathway.
Lignin is believed to confer both strength and waterproofing to cell walls, and therefore its acquisition is considered to
be one of the pivotal evolutionary events during plant colonization of land. One of the most heavily lignified cell types
in Arabidopsis is the xylem tracheary element. These cell types are believed to benefit from lignification as waterproofing
should assist in efficient water movement, and strength is required to cope with the strong negative pressures associated
with the water movement. These functions for lignin, however, are largely based on its position of deposition and its
chemical properties. To more directly assess lignin function, we are studying two allelic mutants that fail to accumulate
detectable amounts of lignin. We have identified the lesion using a combined biochemical rescue and molecular approaches,
and we have characterized the anatomical repercussions of lignin loss using both light and electron microscopy. These
experiments show that the loss of lignin results in severe cell wall defects, with tracheary elements crushing almost
immediately after the loss of cellular contents (a normal part of the tracheary element developmental program). Prolonged
growth of the mutant results in a phenotype strongly resembling that of mutants that over-accumulate auxin. One possible
interpretation of these observations is that the lesion affects amino acid pools such that auxin biosynthesis is also
affected.
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Genetic and Biochemical Characterization of UDP Sugar 4-epimerases in
Arabidopsis thaliana.

Rajeev Verma, Emilie G. Burget and Wolf-Dieter Reiter
Department of Molecular and Cell Biology, University of Connecticut, Storrs, CT 06269. USA
UDP sugars serve as precursors for the biosynthesis of cell wall polysaccharides. Most UDP sugar interconversions
involve a reversible 4-epimerization leading to pairs of UDP sugars such as UDP-D-glucose / UDP-D-galactose, UDPD-glucuronic acid / UDP-D-galacturonic acid, and UDP-D-xylose / UDP- L-arabinose. A UDP-D-glucose 4-epimerase
gene (UGE1) has been cloned and shown to catalyze the interconversion between UDP-D-glucose and UDP-D-galactose
(Dörmann and Benning. Arch. Biochem. Biophys. 1996; 327: 27-34). In order to isolate other genes involved in UDP
sugar 4-epimerization including UDP-D-glucuronic acid and UDP-D-xylose 4-epimerases, we screened a cDNA library
with expressed sequence tags (ESTs) that showed homology to UGE1. This led to the isolation of full-length cDNAs
designated UGE2 and UGE3. Additional candidate genes for UGEs (UGE4 and UGE5) are predicted from the Arabidopsis
genome sequence. A coding region for UDP-D-xylose 4-epimerase (UXE1) was identified by positionally cloning the
gene deficient in the Arabidopsis cell wall mutant mur4. Recent database searches indicate that the Arabidopsis genome
contains three sequences with high degree of sequence similarity to UXE1 (=MUR4). Northern analysis showed that
UGE2 and UXE1 were most highly expressed in stems and flowers. The UGE2 and UGE3 cDNAs were expressed in E.
coli leading to the synthesis of 38kDa proteins displaying both UDP-D-glucose and UDP-D-xylose 4-epimerase activities
in vitro, a substrate specificity also observed for the UGE1 protein. The UXE1 cDNA encodes a 40kDa membrane
protein, which on expression in yeast (S. cerevisiae) displayed UDP-D-xylose 4-epimerase activity. However, neither
the UGE nor the UXE1 gene products acted on UDP-D-glucuronic acid in vitro. We hypothesize that the UGE gene
family encodes cytosolic UDP-D-glucose 4-epimerases while the UXE gene family encodes membrane-bound UDP-Dxylose 4-epimerases, possibly localized to the Golgi.
Supported by the U.S. Department of Energy (grant No. DE-FG02-95ER20203).
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Comparative analysis of starch metabolism in starch deficient and starch excess
mutants of Arabidopsis thaliana

Andreas Weber, Sean E Weise & Thomas D Sharkey
University of Wisconsin Madison, Department of Botany, 430 Lincoln Drive, Madison, WI, 53706, USA
Loss of function mutants have long been used to analyze starch biosynthesis and degradation pathways in Arabidopsis.
Mutants in starch biosynthesis (starch-free mutants) include ADP-glucose pyrophosphorylase (adg1; Lin et al. 1988),
plastidic phosphoglucoisomerase (pgi1; Yu et al. 2000) and plastidic phosphoglucomutase (stf1; Caspar et al. 1985;
Kofler et al. 2000). Starch excess mutant sex1 (Caspar et al. 1991) is deficient in an Arabidopsis homologue of the potato
R1 protein (unpublished data) and sex4 is deficient in a plastidic endo-amylase (Zeeman et al. 1998).
We report here a comparative analysis of these mutants grown under identical conditions. In addition, we report
maltose levels in these mutants because we hypothesize that starch conversion to sucrose involves maltose. We used a
novel enzymatic system (Shirokane et al. 2000) to determine maltose levels, in additions to the levels of glucose,
fructose, sucrose, and starch in leaf extracts of the Arabidopsis mutants sex1-5, pgi1, stf1, the corresponding wild types,
and in an stf1-line that was complemented with the wild type gene.
Throughout a 10-hour light period, maltose was found to be very low in all tested plant lines. During the following
night period, degradation of starch in the wild types was accompanied by an increase in maltose levels to about 0.5 µmol/
g FW. No maltose was detectable in starch-free mutants throughout a diurnal cycle. We established a clear correlation
between starch degradation and the occurrence of maltose in Arabidopsis leaf extracts, corroborating our hypothesis that
maltose plays an important role as intermediary metabolite in the conversion of transitory starch to sucrose.
Caspar T, Huber SC, Somerville C (1985). Plant Physiol 79: 11-17. Caspar T, Lin TP, Kakefuda G, Benbow L, Preiss J, Somerville C (1991).
Plant Physiol 95: 1181-1188. Kofler H, Häusler RE, Schulz B, Gröner F, Flügge UI, Weber A (2000). MGG 263: 978-986. Lin TP, Caspar T,
Somerville C, Preiss J (1988). Plant Physiol 86: 1131-1135. Shirokane Y, Ichikawa K, Suzuki M. (2000) Carbohydrate Res 329: 699-702. Yu
TS, Lue WL, Wang SM, Chen JC (2000). Plant Physiol 123: 319-325. Zeeman SC, Northrop F, Smith AM, ap Rees T (1998). Plant J 15:
357-365.
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Plant hexokinases - subcellular localization and function

Anika Wiese, Ferdi Gröner, Ulrike Hebbeker, Ulf-Ingo Flügge, Andreas Weber
University of Cologne
Plant life is dependent on the availability of sugars for respiration and growth. This metabolic function of sugars is
complemented by elaborate systems that sense the availability of sugars and initiate a variety of cellular and organism
responses. The most notably response is the control of gene expression: a variety of genes are either repressed or induced
by sugars (Koch, 1996). Hexokinases catalyze the phosphorylation of hexoses thereby activating them for catabolism or
anabolism. In analogy to the yeast glucose-sensing system, plant hexokinases are also thought to act as sugar sensors
(Jang et al., 1997). We isolated several hexokinase cDNAs from spinach, tobacco and potato. Comparison of their amino
acid sequences revealed that they can be separated into two groups. One of these groups is characterized by an Nterminal membrane anchor. For spinach hexokinase 1 (SoHxK1) it was shown that the anchor is crucial for binding of
SoHxK1 to the outer chloroplast envelope membrane (Wiese et al., 1999). Specific antisera, directed against members
of each group and GFP-fusions helped to clarify the subcellular localization of these hexokinases. The catalytic activity
of the encoded proteins was investigated in plant extracts as well as after heterologous expression of the cDNAs in yeast
hexokinase knockout mutants. The possible function of the different hexokinases will be discussed in relation to their
tissue-specific expression, subcellular localization and their activities. Heterologous overexpression of the group I and
II hexokinases in Arabidopsis was used to study whether they influence plant sensitivity towards sugar signals similar to
the overexpression of endogenous AtHxK1 and AtHxK2 (Jang et al., 1997). We will also investigate the dependency of
the possible sensoric function on the subcellular localization. To check the analogy to the yeast system, we tried to
complement the sensing function of the yeast enzyme with different plant enzymes and yeast/plant enzyme chimera in
the genetic background of a hexokinase-deficient yeast mutant.
Jang et al., 1997; Plant Cell 9, 5 - 19; Koch, 1996; Annu.Rev.Plant Physiol.Plant Mol. Biol, 47, 509 - 540; Wiese et al., 1999; FEBS Lett. 461,
13 - 18
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The role of F-box protein AtFBL3 in sugar signal transduction in Arabidopsis thaliana

Wenyan Xiao, Shin Gene Kang, and Jyan-Chyun Jang
Department of Horticulture and Crop Science, The Ohio State University, Columbus, OH 43210, USA
The perception and signal transduction of sugar and ABA signals are important for plant growth and development.
Here we show that an F-box protein, AtFBL3, is involved in a converged ABA and sugar signaling network that controls
seed germination and seedling development. AtFBL3 shares high sequence similarity with Grr1, a central regulator of
glucose signaling in yeast. The SCFGrr1 (Skp1, Cdc53, and F-box protein) in yeast acts as a ubiquitin E3 ligase complex
that recruits phosphorylated protein substrates to be ubiquitinated and eventually degraded by the 26S proteasome. A
conserved protein-protein interaction between Skp1 and F-box proteins has been found in various eukaryotes from yeast
to humans. We demonstrate that AtFBL3 interacts with the Arabidopsis Skp1-like proteins ASK1 and ASK2 in the yeast
two-hybrid assay. Transgenic Arabidopsis plants ectopically expressing 35S::AtFBL3 exhibited reduced responses to
both sugar and ABA signals that negatively regulate seed germination and early seedling development. In addition, the
induction of ADH and AtEM6 by ABA and the repression of CAB and PC by glucose were also diminished in the
35S::AtFBL3 transgenic plants. Finally, genetic analysis showed that the double mutant 35S::AtFBL3 35S::AtHXK1
behaved like the single mutant 35S::AtFBL3 in both sugar and ABA responsive assays, indicating that AtFBL3 acts
downstream of AtHXK1 in the AtHXK1-dependent glucose signaling pathway. We propose that AtFBL3 may act as a
subunit of SCFAtFBL3 in the ubiquitin-mediated degradation of a positive regulator that participates in the converged sugar
and ABA signaling network.
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A key regulator of vesicle trafficking required for root hair morphogenesis

Farhah F. Assaad
Carnegie Institution of Washington, DPB, Stanford
We have characterized a novel Sec1, KEULE, required for root hair morphogenesis and cytokinesis in Arabidopsis.
We have raised a peptide antibody specific to KEULE and show that KEULE is characteristic of a Sec1 protein1 in that
(1) it exists both on and off membranes, (2) it is peripherally associated with membranes,and (3) it is a syntaxin-binding
protein.
In addition to a primary defect in the execution of cytokinesis, root hairs in keule mutants are stunted and radially
swollen. Of a large collection of cytokinesis-defective mutants (F.A., U. Mayer & G. Juergens, unpublished), we have
found another mutant line which, like keule, is required for both cytokinesis and root hair morphogenesis. As eight other
cytokinesis-defective mutants (F.A., U. Mayer & G. Juergens, unpublished), including knolle2, grow long root hairs, this
defect appears to be independent of the cytokinesis defect. Both cytokinesis and root hair morphogenesis require the
deposition of new cell walls and in both instances this occurs via polarized secretion.
Sec1 proteins are key regulators of vesicle trafficking, capable of integrating a large number of intra and/or intercellular
signals and of transducing such signals to the vesicle fusion apparatus by virtue of a direct interaction with syntaxins on
target membranes. By analogy, we postulate that KEULE integrates the developmental, hormonal and environmental
signals that regulate polarized secretion giving rise to root hair growth.
1. Assaad, F.F., Y. Huet, U. Mayer, and G. Jürgens. 2001. The cytokinesis gene KEULE encodes a Sec1 protein which binds the syntaxin
KNOLLE. J. Cell Biol.152: 531-543.
2. Lukowitz, W., U. Mayer, and G. Jürgens. 1996. Cytokinesis in the Arabidopsis embryo involves the syntaxin-related KNOLLE gene product.
Cell 84: 61-71.

161

Xyloglucan Endotransglycosylases of Arabidopsis: Diversity of Genes, Expression,
Regulation and Function

Jaime Becnel, Paul Campbell and Janet Braam
Rice University
The plant cell wall is a complex structure composed in part of cellulose microfibrils interconnected by a network of
polysaccharides, such as xyloglucan. In vitro, xyloglucan endotransglycosylases (XETs) cleave xyloglucan polymers
and religate the newly generated reducing end to other xyloglucan polymers. Although the biochemical activity of XETs
is well defined, the physiological consequences of this activity in vivo remain undetermined.
Previous work has shown that TCH4 of Arabidopsis encodes an XET, thus TCH4 has the potental to modify an
important component of the cell wall. Analysis of the Arabidopsis database reveals an extensive gene family that encodes
30 XET-related (XTR) proteins. The predicted proteins share between 37% and 85% identity as well as a conserved
motif (DEIDFEFLG) that is identical to the active site of Bacillus β-glucanases and may be necessary for enzymatic
function of the XETs.
We are investigating the functional significance of this gene family through the characterization of primary protein
structures, enzymatic activities, consequences of loss of function and regulation of gene expression. This work is supported
by the NSF (9982654).
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Kinetic Analysis of Ethylene’s Effects on Growth in Etiolated Arabidopsis Seedlings

Brad Binder, Jeannette Moore, Anne Hall, Fernando Rodriguez, Ronan O’Malley, Brian Parks, Edgar Spalding and
Anthony Bleecker
Univeristy of Wisconsin Dept. of Botany
Responses to the plant hormone ethylene are mediated by a family of 5 receptors in Arabidopsis that act in the
absence of ethylene as negative regulators of response pathways. Ethylene binding is thought to act by suppressing
receptor output. We have been using the etiolated seedling growth response to study the dynamics of receptor function.
Using a digital infrared camera, the kinetics of hypocotyl growth rate changes resulting from the application and subsequent
withdrawal of ethylene were monitored. Application of 10 ppm ethylene led to a drop in growth rate to a new steadystate-rate after 45 minutes. Subsequent removal of applied ethylene after 2 hours of treatment resulted in a return to the
original, higher growth rate within 1.5 hours. This relatively fast recovery rate must be reconciled with the much slower
rate of ethylene release observed with the yeast expressed ETR1 receptor protein (half life > 11 hours). We are testing the
hypothesis that the rapid recovery rate is determined by new receptor synthesis. Upon ethylene withdrawal, new receptors
would be synthesized in the unbound, active state, resulting in the suppression of response pathways. Based on this
model, we predicted that recovery rate would be slower under conditions in which receptor synthesis rate was decreased.
As predicted, we found slower recovery rates after shorter treatment times that precluded induction of the ethyleneinducible receptor isoforms. The recovery rate following longer ethylene treatment was also slower in the etr 2-3 receptor
null line. Finally, rates of recovery were particularly slow after all treatment times in the etr 1-7 receptor null line. These
results are consistent with our model of receptor function and highlight the involvement of specific receptor isoforms in
mediating recovery from ethylene responses. Experiments looking at mRNA levels for each receptor isoform during the
response and recovery phases are currently underway.
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Identification of an Arabidopsis CaaX protease reveals a subcellular targeting
pathway for prenylated proteins

Bracha Keren, Lavy Meirav and Yalovsky Shaul
Department of Plant Sciences, Tel Aviv University, Ramat Aviv, Tel Aviv 69978, ISRAEL
Following prenylation, proteins undergo two prenyl-dependent modifications at their carboxyl-terminal end. First,
the aaX moiety of the CaaX box is removed. Then, the free carboxyl group of the prenyl cysteine is methylated. In
Saccharomyces cerevisiae, CaaX box proteolysis is catalyzed by either of two ER membrane localized, and unrelated
proteases called AFC1 and RCE1. Methylation is catalyzed by a prenyl-dependent carboxy methyl transferase (PCM)
encoded by the STE14 gene. Therefore, the subcellular localization of AFC1, RCE1 and PCM, provide a trafficking
pathway for prenylated proteins. AtAFC1, the Arabidopsis homologue of yeast AFC1 was cloned by PCR from a cDNA
library using primers that were designed according to a sequence published by the Arabidopsis genome initiative.
Functional complementation of mutant rce1 ∆ afc1 ∆ yeast cells was demonstrated by growth inhibition, pheromone
diffusion halo assays. Halos were formed when AtAFC1 was over-expressed from either a 2 µ high copy or a CEN low
copy number plasmids. Furthermore, AtAFC1 promoted plasma membrane association of the Arabidopsis GFP-ROP
AtRAC7 fusion protein in rce1 ∆ afc1 ∆ yeast cells providing evidence that AtAFC1 can process prenylated plant
proteins. A GFP-AtAFC1 fusion protein was localized in the ER following its transient expression in Necotiana
benthamiana, Arabidopsis and onion epidermal cells. A GFP-AtPCM fusion protein was, however, localized in the
reticulate golgi when transiently expressed in the same cells. These data provide evidence that prenylated proteins in
plants, are first targeted to the ER and following proteolysis are transferred to the golgi where they get methylated and
targeted to their final destination in the cell. Thus, targeting of prenylated proteins may occur through the endomembrane
system.
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Loss-of-function mutations in the ethylene receptor ETR1 cause enhanced
responsiveness to ethylene in Arabidopsis

Jesse D. Cancel, Paul B. Larsen
University of California-Riverside
Ethylene signal transduction in Arabidopsis proceeds through a linear pathway headed by a family of 5 ethylene
receptors that regulate the activity of the downstream MAP kinase kinase kinase, CTR1. Loss-of-function mutants have
been generated for 4 of the receptors and these mutations, either as single nulls or in combination, have been examined
for their effects on ethylene signaling. Triple- and quadruple-null mutants display an ethylene-response phenotype
independent of ethylene perception, indicating that the ethylene receptors function as negative regulators in this pathway.
This is presumably due to the loss of activators for CTR1, which is responsible for actively repressing ethylene responses.
No ethylene-related phenotype has been described for single-null mutants of the ethylene receptors although it was
reported that etr1 loss-of-function mutants (e.g. etr1-7) display a growth defect that limits plant size. We have found that
this apparent growth defect actually results from enhanced responsiveness to ethylene in these mutants. This increased
ethylene sensitivity is found in all tissues tested including leaves, along with roots and hypocotyls of dark grown seedlings.
Additionally, etr1-7 displays increased resistance to high glucose treatment, a phenotype that has been associated with
ethylene perception. The increased sensitivity phenotype can be rescued by the ein2 loss-of-function mutation, which
blocks ethylene perception, indicating that the etr1-7 phenotype is ethylene dependent. This phenotype does not result
from ethylene overproduction, as etr1-7 seedlings produce levels of ethylene comparable to wild type. Null mutations in
3 other ethylene receptors (ETR2, EIN4, and ERS2) do not cause the observed increase in ethylene responsiveness. RTPCR shows that this is not due to increased expression of other ethylene receptors that may compensate for the loss-offunction lesions. The unique phenotype associated with loss-of-function mutations in ETR1 strongly suggests that ETR1
has an added role in ethylene signaling that is not mediated by the other members of the ethylene receptor family.
Possible scenarios relating to the nature of this unique role will be presented.
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Regulation of G1/S cell cycle transition and initiation of DNA replication

M. Mar Castellano, J. Carlos del Pozo, Elena Ramirez-Parra, M. Beatrice Boniotti and Crisanto Gutierrez
Centro de Biologia Molecular, CSIC-UAM, Universidad Autonoma de Madrid, Cantoblanco 28049 Madrid,
Spain
Transition from G1 to S-phase is one of the key stages where cells regulate progression through the cell cycle. In
animal cells, the retinoblastoma (RB) pathway plays a crucial role at this stage. Retinoblastoma-related (RBR) proteins
and other components of the RBR pathway, such as the E2F/DP transcription factos, and multiple CDKs and cyclins
exist in plants. In Arabidopsis, one RBR gene, six E2F-related and two DP-related genes have been identified in its
genome. We want to understand the function of this pathway in regulating cell cycle and genome replication, and its
potential role in development. S-phase initiates once CDK/cyclin activity relieves E2F/DP transcription factors from
repression. This is believed to be a consequence of specific phosphorylation events on RBR. Initiation of DNA replication
is a tightly regulated process. Studies in yeast have revealed that CDC6 protein plays a crucial role in the activation of a
multiprotein structure, the origin recognition complex (ORC) which is bound to DNA replication origins.
We are focusing at studying proteins that regulate initiation of S-phase and DNA replication. Here, we discuss our
data on an A. thaliana cDNA encoding the AtCDC6 protein, and its possible function during developmentally-regulated
DNA replication events, e.g. endoreplication. The AtCDC6 gene is maximally expressed in early S-phase. Consistent
with this cell-cycle regulated expression, its promoter contains an E2F consensus site which mediates binding of a plant
E2F/DP complex. Transgenic plants carrying an AtCDC6 promoter-GUS fusion revealed that this promoter is active not
only in proliferating cells but also in other locations. Furthermore, AtCDC6 is degraded in a ubiquitin- and proteasomedependent manner, but with different efficiency in different tissues.
Our studies indicate that (1) AtCDC6 is expressed in a cell-cycle dependent manner and, most likely, is an E2F target
gene, (2) endoreplication seems to require inactivation of the retinoblastoma protein, and (3) development-regulated
endoreplication cycles seem to be associated with increased expression of the AtCDC6 gene and, most likely, stability of
AtCDC6.
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Does AtE2F-I function in cell division and/or cell differentation?

J. Carlos del Pozo, Corinne Fruendt, Elena Ramirez-Parra, and Crisanto Gutierrez
Centro de Biología Molecular “Severo Ochoa”, CSIC Universidad Autónoma de Madrid, Cantoblanco, 28049
Madrid, Spain
Cell proliferation is controlled by a diverse group of cell cycle regulators. In animal cells, the retinoblastome protein
(RB) plays a crucial role in controlling the transition from G1 to S-phase. In a hypophosphorylated state RB interacts
with the transcription factors E2F/DP. This RB/E2F/DP complex has been suggested to function as transcriptional repressor.
During the G1-S transition, cyclin-dependent kinases phosphorylate RB, and then E2F/DP factors are liberated, inducing
the expression of genes required for cell cycle progression. Recent findings have demonstrated that a RB-related and
E2F/DP proteins are also present in plants, suggesting a similar control of cell proliferation in these organisms In
Arabidopsis, 1 RRB , 6 differentE2F-related and 2 DP-related genes have been identified. However, the function of
these factors in cell cycle control and differentation programs have not been determined. In this work we have focused
on studying the function of one member of these E2F family, AtE2F-I. In gel-shift assays we found that the AtE2F-I
protein is able to bind, in association with DP, the consensus DNA E2F-binding site. To determine the expression of
E2F-I we have analyzed transgenic lines bearing the reporter gene GUS fused with the E2F-I promoter. We found that
this gene is highly expressed in meristematic zones, along the root system and during flower development. Northernblot analysis using partially synchronized Arabidopsis cell showed that this gene is expressed in higher levels during the
G1-S transition.In order to prevent an excessive or time-deregulated E2F-function, the E2F protein stability is controlled
by the ubiquitin pathway. Using an N-terminal region of E2F-I fused to GUS reporter we found that this chimera is
degraded in a proteosome dependent manner. Furthermore, we have found an F-box protein, a component of the SCF
ubiquitin ligase complex, that interact with E2F-I, suggesting that the stability of this protein is controlled, as some of its
human counterparts, through the UBQ-SCF pathway. We are currently generating transgenic plants overexpressing the
E2F-I cDNA. These and further results from the E2F-I transgenic lines will be presented at the meeting.
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RGPs and AMYs: plant protein-self-glycosylation

Ivan Delgado, Kenneth Keegstra, and Natasha Raikhel
Michigan State University-Department of Energy-Plant Research Laboratory
In plants, when a total protein extract is incubated with UDP-[3H]Glc for a few minutes, the reaction separated by
SDS-PAGE, and the gel dried and exposed to film, a 41-kDa band can be detected. These are the RGPs, the plant
Reversibly Glycosylated Polypeptides that have been predicted to be involved in cell wall polysaccharide biosynthesis.
Within their protein sequence is domain A, a region shared with the glycosyltransferase 2 (GT-2) family of proteins, and
a novel glycosylation site where a single sugar is attached to an arginine residue. The Amylogenins, or AMYs, are
proteins that lack domain A but contain the glycosylation site, and in the presence of UDP-[3H]Glc also glycosylate.
AMYs are the predicted protein primers for starch biosynthesis. We have taken bioinformatic, molecular biological,
biochemical and genetic approaches to unravel the role these proteins have in plant metabolism. Our current results will
be presented.
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Regulation of polar auxin transport by the RCN1 subunit of protein phosphatase 2A

Alison DeLong1, Aaron Rashotte2, Gloria Muday2
1
Brown University, 2Wake Forest University
Polar auxin transport is required for normal growth and development in plants. Several lines of evidence suggest
that reversible protein phosphorylation regulates auxin transport, but little is known about the protein kinases and
phosphatases involved. Seedlings carrying the rcn1 mutation exhibit defects in several differential cell elongation responses
and show altered growth in the presence of the auxin transport inhibitor, naphthylphthalamic acid (NPA), suggesting
altered regulation of auxin transport. The RCN1 gene encodes an A regulatory subunit of protein phosphatase 2A (PP2A),
and rcn1 mutant seedlings exhibit reduced protein phosphatase 2A activity in vivo and in vitro. Measurement of auxin
transport in roots of rcn1 seedlings shows that reduced phosphatase activity affects both basipetal and acropetal transport
streams. Root basipetal transport is increased in rcn1 or phosphatase inhibitor-treated seedlings, but shows normal
sensitivity to NPA. Elevated basipetal transport impedes gravity response, but a normal gravity response can be restored
to mutant seedlings by treatment with a low concentration of NPA. Genetic and pharmacological experiments show that
elevation of auxin transport does not require the products of the AGR1/EIR1/PIN2/WAV6 or AUX1 genes. Root tip
morphology appears normal in rcn1 seedlings, arguing against an anatomical basis for altered basipetal transport.
Surprisingly, root acropetal transport is normal in rcn1 seedlings in the absence of NPA, but shows reduced NPA sensitivity.
Lateral root growth also exhibits reduced NPA sensitivity in rcn1 seedlings, consistent with acropetal transport controlling
lateral root growth. These results support the role of protein phosphorylation in regulating polar auxin transport in
seedling roots, and suggest that the acropetal and basipetal transport streams are differentially regulated. Additional
genetic data suggest that RCN1 may also play a role in regulating auxin transport during embryogenesis. Activity of the
PIN1 auxin efflux carrier is required for development of normal, bilaterally symmetric embryos; pin1 mutant seedlings
exhibit a range of abnormal morphologies. The rcn1 mutation enhances pin1 seedling phenotypes, increasing the severity
of Pin- phenotypes.
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Diverse changes in phenylpropanoid metabolism in an Arabidopsis mutant defective
in the gene encoding p-coumarate 3-hydroxylase

Jeff W Denault1, Rochus Franke1, Max O. Ruegger2, Matthew R. Hemm1 and Clint Chapple1
1
Department of Biochemistry, Purdue University, West Lafayette, IN 47907, 2Dow AgroSciences LLC, 9330
Zionsville Road, Indianapolis, IN 46268
The end products of the phenylpropanoid pathway play important roles in plant structure, and development, as well
as in plants’ defenses against biotic and abiotic stresses. From a human perspective, phenylpropanoid pathway-derived
metabolites influence both human health and the potential utility of plants in agricultural contexts. The only enzyme of
the phenylpropanoid pathway that has not been characterized is p-coumarate 3-hydroxylase (C3H). Our lack of knowledge
about this enzyme and its corresponding gene represents a critical gap in our understanding of phenylpropanoid metabolism.
By screening for plants that fail to accumulate soluble fluorescent phenylpropanoid secondary metabolites, we have
identified a number of Arabidopsis mutants that display a reduced epidermal fluorescence (ref) phenotype. The ref8
mutant exhibits a red fluorescence under UV light that is similar to the fah1 mutant, a mutant defective in the ferulate 5hydroxylase gene. We have cloned the REF8 gene, and have verified that it encodes C3H by expression of the wild-type
gene in yeast. Phenotypic characterization of the ref8 mutant has revealed that the lack of C3H activity leads to diverse
changes in phenylpropanoid metabolism and plant development. First, the ref8 mutant accumulates p-coumarate esters,
instead of accumulating sinapoylmalate as found in wild type plants. Second, the mutant deposits a lignin formed
primarily from p-hydroxyphenyl units, a monomer that is a relatively minor component in the lignin of other plants.
Finally, ref8 mutants are dwarfed and exhibit other abnormalities suggesting that C3H function is required for normal
growth and development.
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Epistasis analyses of hrl1 reveal novel roles for SA, JA, and Ethylene in signaling
leading to defense and cell death in Arabidopsis

Sendil Devadas and Ramesh Raina
Inter-college Graduate Program in Plant Physiology and Dept. of Biology; Penn State University
Resistant plants possess an impressive array of defense responses for survival against pathogen attack. In Arabidopsis
this defense display is orchestrated by at least three signaling molecules: salicylic acid (SA), jasmonic acid (JA), and
ethylene (ET). Molecular genetic analyses using mutants that are perturbed in resistance response to pathogens have
elucidated multiple signaling pathways that act both synergistically and antagonistically. Epistasis analyses of hrl1
(hypersensitive response-like lesions) with important defense regulators like NPR1, ETR1 and COI1 demonstrate the
interactions of signaling pathways that usually act independent of each other. In hrl1npr1, JA/ET-dependent PDF1.2
expression is significantly reduced compared to hrl1. This result suggests that NPR1 may have an additional role in
regulating PDF1.2 expression in hrl1. In hrl1nahG transgenic plants, BTH at very low concentration (1 µM) induces
PDF1.2 but suppresses it at a higher concentration (100 µM). This result clearly suggests that SA at low concentrations
may have a synergistic effect in inducing PDF1.2 and not entirely antagonistic as previously thought. Our experiments
with hrl1etr1 indicate that ethylene-signaling response is necessary for systemic PR-1 expression and resistance to P.
syringae in hrl1. When JA responses are blocked in hrl1coi1, cell death phenotype is exaggerated and the plant is
extremely dwarfed suggesting that COI1 might negatively regulate cell death during pathogen infection. These results
clearly show that different signaling pathways influence one another and this labyrinth is dependent on the nature and
magnitude of the stimuli.
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ADF proteins are involved in the control of flowering and regulate F-actin
organization, cell expansion and organ growth in Arabidopsis

Chun-Hai Dong1, Gui-Xian Xia2, Yan Hong1, Srinivasan Ramachandran1, Benedikt Kost1, Nam-Hai Chua3
1
Institute of Molecular Agrobiology, National University of Singapore, Singapore 117604,2Institute of
Microbiology, The Chinese Academy of Sciences, Beijing, China, 100080,3Laboratory of Plant Molecular
Biology, The Roc
Mostly based on the results of in vitro experiments, ADF (actin depolymerizing factor) proteins are thought to be
key modulators of the dynamic organization of the actin cytoskeleton. The few studies concerned with the in vivo
function of ADF proteins that have been reported to date were almost exclusively performed using single cell systems
and have failed to produce consistent results. To be able to investigate ADF functions in vivo and during the development
of multicellular organs, we have generated transgenic A. thaliana plants that express a cDNA encoding an ADF protein
(AtADF1) in the sense or antisense orientation under the control of a strong, constitutively active promoter. Selected
lines with significantly altered levels of AtADF protein expression were phenotypically characterized. Overexpression
of AtADF1 resulted in the disappearance of thick actin cables in different cell types, caused irregular cellular and tissue
morphogenesis, and reduced the growth of cells and organs. By contrast, reduced AtADF expression promoted the
formation of actin cables, resulted in a delay in flowering and stimulated cell expansion as well as organ growth. These
results are consistent with the molecular functions of ADF as predicted based on in vitro studies, represent the first set of
data on the global roles of ADF proteins during the development of a multicellular organism other than D. melanogaster
and demonstrate that these proteins are key regulators of F-actin organization, of flowering, as well as of cell and organ
expansion in A. thaliana.
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A gene family in Arabidopsis thaliana involved in magnesium transport

Drummond R. S. M.1, Putterill J.1, Ferguson I.2, Gardner R. C.1
1
School of Biological Sciences, University of Auckland, Private Bag 92019, Auckland.2Horticultural Research
Institute of New Zealand, Private Bag 92169, Auckland
The starting point for this work was the identification of two genes that form the yeast magnesium (Mg) uptake
system (MacDiarmid and Gardner, 1998). The yeast strain CM52 grows under normal Mg conditions. The deletion of
both of the uptake genes from CM52 gives a strain, CM66, which is incapable of growth under normal Mg conditions.
A. Tutone used this yeast strain to screen an Arabidopsis cDNA library in a yeast expression vector, and isolated a gene
(AtMGT10) that allowed the mutant yeast to grow at normal Mg concentrations. This gene has significant homology to
two bacterial genes that have been shown to be involved in the transport of divalent cations, CorA and MRS2. Nine
additional family members have been identified from the public Arabidopsis genomic sequence database. A range of
tissues, young silique, mature silique, flower, stem, leaf and root were analysed using RT-PCR to test for the expression
of each gene. Most of the genes were expressed in every tissue. The exceptions were AtMGT5, expressed only in
flowers, and AtMGT8, which was not detected in stems. RT-PCR was also used to amplify full length copies of each of
the nine genes. Each gene was cloned and sequenced to determine the locations of the introns and the protein sequence.
The relationships between the genes were analysed. AtMGT1 and AtMGT2 are the most closely related genes and AtMGT7
? AtMGT9 form another close grouping. AtMGT10 is the most divergent of the family members. The neighbour-joining
tree will be presented. Each of the nine genes was cloned into a yeast expression vector and screening for transport
functions in yeast is currently in progress.
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Regulation of cell death by LSD1 and it’s homologues LOL1 and LOL2

Petra Epple, Veronica Franco, Amanda Mack, and Jeffery L. Dangl
University of NC at Chapel Hill, Department of Biology, Coker Hall 108, Chapel Hill, NC 27599
The LSD1 protein contains three type IV zinc finger domains which share remarkable identity with one another.
LOL1 and LOL2 (LSD one like), two other Arabidopsis genes were identified, which possess zinc finger domains highly
conserved internally as well as to LSD1, indicating that LSD1, LOL1 and LOL2 are members of a small protein family
and might have similar function. The LOL2 gene encodes two proteins, designated LOL2a and LOL2b. LOL2a contains
an additional DNA binding motif. During an incompatible interaction between Arabidopsis and P. syringae, LOL2a is
upregulated at 12 and 24hpi, whereas LOL1 is downregulated. The timing of these responses indicates an involvement of
LOL2 and LOL1 in processes leading to a containment of HR cell death. Analysis of lol1 and lol2 mutants showed that
LOL1 is negatively regulated by LOL2. Additionally, lsd1 mutant plants harboring a LOL1 antisense construct display
reduced lesioning after treatment with BTH, P. parasitica or B. cinerea. Preliminary results suggest that the same
phenotype can be achieved when LOL2a is overexpressed in lsd1 mutants plants. Thus, the balance between LSD1,
LOL1 and LOL2 appears to regulate cell death with LSD1 as a negative regulator and LOL1 as a positive regulator that
can be negatively regulated by LOL2.
This work was supported by grants from the Swiss National Foundation (Schweizer Nationalfond) and the German
Academic Exchange Service (Deutscher Akademischer Austauschdienst) to PE and NIH grant 1-R01-GM057171-01 to
JLD.
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A conditional mutant that affects guard cell division and flower development

Tanya G. Falbel1, Lisa M. Koch1, Jeanette Nadeau2, Fred D. Sack2, and Sebastian Y. Bednarek1
1
University of Wisconsin-Madison, Department of Biochemistry 2Ohio State University, Department of Plant
Biology
We are characterizing an Arabidopsis mutant whose guard mother cells fail to divide appropriately to yield the two
guard cells of the stomata.The defect appears to be in cytokinesis, because the defective guard mother cells have partial
or missing cell walls and are binucleate. The mutant is pleiotropic, and the expressivity of several facets of the mutant
phenotype depends critically upon the growth conditions. The rosette size depends strongly upon the light cycle: under
short days the mutant rosettes are indistinguishable in size from wild type rosettes, while under continuous illumination
the mutant plants are severely dwarfed. Flower development depends strongly upon the growth temperature: at 22°C the
mutants do not produce functional flowers, only very small buds or intermediate forms with sepals and carpels. When
plants are grown at 16°C under continuous illumination flower development is normal: large amount of seed can be
obtained from mutant homozygotes that produce no seed at 22°C. Plants grown at 22°C have few functional stomata, but
plants grown at 16°C appear to have normal stomata. The mutant locus has been mapped to a 350 kb interval on
chromosome I (at approx 66 cM, 17.6 Mbp). Given the pleiotropic phenotype, it is possible that more than one gene is
affected in this EMS mutant. However, genomic southern blotting to date has not detected a deletion or chromosomal
rearrangement within the map interval. Thus, this gene may represent a link between the pathways of cell division in
guard mother cells and flower development.
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Role of NPR1 Phosphorylation in Salicylic acid signaling

Weihua Fan and Xinnian Dong
DCMB Group, Department of Biology, Duke University, Durham, NC 27708
Arabidopsis NPR1 is an essential regulator of Salicylic acid (SA) signaling. The npr1 mutant is not only defective in
SA-induced PR gene expression and establishment of systemic acquired resistance (SAR), but is also hypersensitive to
excess amounts of SA. 0.5 mM SA in the growth media causes bleaching and growth arrest to npr1 seedlings. Both cpr5/
npr1 and cpr6/npr1 double mutants bleach in leaves and stems because they accumulate high levels of SA. Sequence
comparison of NPR1 with its homologues reveals two highly conserved serine residues in the N-terminus that could be
potential phosphorylation sites. Alanine or aspartic acid substitutions were made to these two serine residues and the
mutated NPR1 gene (NPR1S-A or NPR1S-D) was transformed into both wildtype and npr1 mutant plants, under the expression
control of the CaMV 35S promoter. In npr1 mutants, NPR1S-A restores SA-induced PR gene expression to a level similar
to that of plants overexpressing wildtype NPR1 or NPR1S-D protein. However, NPR1S-A does not complement the SA
hypersensitive phenotype in npr1 mutant, while NPR1 and NPR1S-D both do. Moreover, overexpression of NPR1S-A in
wildtype plants causes hypersensitivity to SA, indicating that NPR1S-A has a dominant-negative effect. These data suggest
that NPR1 is phosphorylated at the N-terminal serine residues, and the phosphorylation is required for NPR1 to regulate
tolerance to high concentrations of SA. The dominant-negative effect of NPR1S-A also suggests that protein-protein
interaction might be involved in this NPR1 function.
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The Arabidopsis mutant, rhd2, reveals a role for reactive oxygen species in root hair
morphogenesis

Julia Foreman1, Pangiota Mylona1, Miguel Angel Torres2, Paul Linstead1, Jonathan D. G. Jones2 and Liam Dolan1
1
Department of Cell and Developmental Biology, John Innes Centre, Norwich, UK, 2Sainsbury Laboratory,
Norwich, UK.
The Arabidopsis root has a simple and invariant structure and provides an excellent model system for the study of
plant development. During differentiation of the root, specialised cells in the epidermis (trichoblasts) form root hairs tip growing tubular shaped outgrowths. Three stages of root hair growth have been identified. The first is the formation
of a bulge at the apical end of a trichoblast cell, tip growth then occurs from a distinct point on this initial bulge. The third
stage of development is defined by an increased rate of tip growth. Root hairs on root hair defective2 (rhd2) mutants
arrest after the first stage of growth. A new rhd2 allele was identified in a Spm mutagenised population. Sequencing of
the flanking regions revealed that RHD2 encodes an Arabidopsis thaliana respiratory burst oxidase homolog (Atrboh).
The genes in this family are homologous to the β subunit (gp91phox) of the mammalian NADPH oxidase flavocytochrome
b558 which contains the entire electron transport chain from NADPH to oxygen. It has been postulated that Atrboh
proteins produce reactive oxygen species (ROS), since NADPH oxidase produces ROS during electron transfer in
mammals. The rhd2 mutant lacks the high levels of ROS present in root hairs of wild-type plants supporting this view.
Drug studies are being used to biochemically characterise the role of RHD2 in the production of ROS. The expression
patterns and cellular localisation of RHD2 is presently being determined. Double mutant combinations with other mutants
with defects in root hair elongation have been generated and are been used to characterise the role of RHD2 in root hair
morphogenesis.
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Reverse genetic and structural analysis of the SLATs

Nancy Forsthoefel, Tori Yamamoto, & Daniel M. Vernon
Biology Department, Whitman College, Walla Walla, WA 99362
We have identified 10 genes encoding a novel class of plant leucine-rich repeat proteins (LRRPs). The defining
feature of these proteins is an internal LRR domain consisting of 8-11 copies of a signature leu-rich motif. Based on this
motif structure and BLAST alignments, these proteins are more closely related to “Ras group” animal and fungal LRRPs
than to any previously characterized plant LRR proteins. Ras group LRR proteins function in intracellular signal
transduction, and some, such as C. elegans/human SUR8, interact directly with RAS. We have named this novel class of
plant LRRPs “SLATs”, for SUR8-like LRRs of Arabidopsis thaliana. Here, we present a comparative analysis of SLAT
protein and gene structures and mRNA expression, and report on progress toward isolating T-DNA knock-out alleles of
each of the SLAT genes. As a group SLATs share common structural features such as the LRR consensus motif and
internal LRR domain. They are intracellular and have highly hydrophilic N- and C-terminal domains rich in charged
amino acids and low-complexity stretches. These features distinguish SLATs from animal Ras group LRRPs and define
them as a related, but plant specific, class of proteins. Despite their shared features, SLATs fall into 4 distinct families
based on size, primary sequence, and gene exon/intron structure. Primary sequences vary considerably even within each
family, with the most closely related SLATs sharing amino acid identity of only ~70%. Thus, the SLATs as a group are
likely to have different functions. To investigate SLAT functions, we have initiated a screen for knockout mutants. To
date we have identified T-DNA insertion alleles for 7 of the 10 SLAT genes and are in the process of obtaining homozygous
mutant individuals and determining T-DNA insert numbers. Leu-rich repeats serve as protein:protein interaction domains,
and the SLAT’s structural features suggest that they function in intracellular signal transduction, interacting with other
cellular components through their LRR domains. Phenotypic analysis of slat knockout mutants should help address this
hypothesis and elucidate the biological functions of these proteins.- Supported by NSF (IBN 9604344) and the Murdock
Trust
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Distribution of fucose-containing cell wall polysaccharides in the roots of the mur1
mutant of Arabidopsis thaliana

Glenn Freshour, Wolf-Dieter Reiter1, Peter Albersheim, Alan G. Darvill, and Michael G. Hahn
The University of Georgia , Complex Carbohydrate Research Center, and The University of Connecticut,
Storrs CT1
The mur1 mutant of Arabidopsis thaliana is characterized by an absence of fucose in shoot-derived cell wall
polysaccharides and a 40% reduction in fucose walls isolated from roots compared to wild-type plants. The mutant
plants are defective in one of the enzymes required for the biosynthesis of GDP-L-fucose, the activated sugar precursor
needed for biosynthesis of fucose-containing polysaccharides. The monoclonal antibody, CCRC-M1, which recognizes
a fucose-containing epitope in cell wall polysaccharides, was used to determine the distribution of fucose-containing
polysaccharides in roots of the mur1 mutant. Immunolabeling with CCRC-M1 was carried out on mur1 root tissue taken
from seedlings 1 to 14 days post-imbibition. No labeling was observed in hypocotyls, shoots, or leaves. Immunofluorescent
labeling of whole seedlings revealed that mur1 root hairs were stained heavily by CCRC-M1, while the body of the root
remained unstained or only lightly stained. Immunogold labeling revealed that CCRC-M1 labeling was restricted to
specific regions of the root, or to specific cell walls and cell types. All cell walls at the apex of primary roots 2 days and
older and in the apices of mature lateral roots were labeled with immunogold. The fucose-containing epitope is absent
from 1 day old germlings and from lateral root buds. Labeling with CCRC-M1 decreases rapidly in cells that are
undergoing rapid elongation growth such that, in the mature portions of both primary and lateral roots, only the pericycle
and the outer walls of the epidermis are labeled. Wild-type lobeling, where all cell walls are strongly labeled by CCRCM1, is restored within mur1 roots by growing the mutant on media supplemented with fucose. The asymetric distribution
of the fucosyl epitope suggests that more than one pathway for the biosynthesis of fucose exists in A. thaliana, and that
these pathways exhibit different temporal and spatial patterns of expression. These results also imply a coordinated
regulation between the Golgi-localized biosynthesis of cell wall polysaccharides and cytosolic components that supply
the necessary precursors for that process.
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HOBBIT, a component of the APC involved in control of cell division and cell fate ?

Florian Frugier1, Saskia Folmer1, Ikram Blilou1, Viola Willemsen1, Harald Wolkenfelt1, Paulo Ferreira2, and Ben
Scheres1
1
Utrecht University, Utrecht, The Netherlands; 2 I.C.B., Rio de Janeiro, Brazil
The HOBBIT gene is required during early embryonic development for proper cell division first in a specific founder
cell of the root meristem, the hypophysis, and later on in the basal part of the embryo. However, post-embryonicaly,
hobbit mutant displays several complex phenotypes, such as defective meristems and absence of specific cell identities.
This suggests that HOBBIT function is involved in controlling cell division patterns as well as acquisition of some cell
fates.
Sequence analysis of the HOBBIT gene suggests homology with TPR-containing proteins involved in the Anaphase
Promoting Complex (APC). This complex is responsible for targetting specific sets of substrates for proteolysis through
an ubiquitination pathway, and controls metaphase/anaphase transition and metaphase exit. Expression analysis at transcript
level reveals that HOBBIT is expressed ubiquitously during early stages of embryogenesis. However, in mature embryos
and post-embryonically in root tips, transcripts are surprisingly detected only in some dividing cells, suggesting a cell
cycle regulation of HOBBIT expression. In contrast, other related TPR subunits shows a ubiquitous expression pattern in
all different cell cycle phases and at all developmental stages, similarly to their orthologs in other systems. To assess if
HOBBIT function is mediated through its involvement in the APC, heterologous expression in yeasts deficient for this
complex was performed, leading to partial rescue of their growing ability. Finally, HOBBIT potential relation with cell
cycle control was analyzed using flux cytometry, revealing nuclear DNA contents that might reflect abnormal cell cycle
progression.
Our results suggest that HOBBIT may be involved in targetting for proteolysis some specific substrates regulating
either cell division progression or cell fate determination, as a subunit of the APC. Several strategies are currently in
progress to identify such substrates.
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Arabidopsis SPIRAL1gene controls cortical microtubule arrays.

Ikuyo FURUTANI, Hideki TACHIMOTO and Takashi HASHIMOTO.
Grad. School Biol. Sci., NAIST, Ikoma 630-0101, Japan
Mutations in Arabidopsis SPIRAL1 (SPR1) locus cause isotropic expansion of endodermal and cortical cells in root,
etiolated hypocotyl, and dark-grown influorescent stem, and induce right-handed spiral in epidermal cell files of these
organs. Interestingly, addition of either microtubule-depolymerizing drug propyzamide at 1 µM or microtubule-stabilizing
drug taxol at 0.3 µM in the culture medium was found to completely suppress the cell expansion defects of spr1. Wildtype root epidermal cells had cortical microtubule arrays that were aligned almost transverse to the long axis of the cell,
while spr1 epidermis had left-handed helical arrays. SPR1 was cloned by a map-based approach, and found to encode a
plant-specific novel protein of low molecular weight. Transgenic Arabidopsis plants overexpressing SPR1 had somewhat
larger leaves and thicker stems than wild type, bolted late, and showed increased tolerance to propyzamide. SPR1-GFP
fusion protein expressed under the control of the SPR1 promoter complemented spr1 mutant phenotypes. In hypocotyl
epidermal cells of the transgenic plants, GFP fluorescence was localized as fibers at cell’s cortical region, which presumably
represent cortical microtubules. We propose that SPR1 stabilizes cortical microtubules and influences their dynamic
properties.
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Isolation and characterization of an Arabidopsis vw331 mutant defective in root and
hypocotyl elongation

Kuni Fushikida, Ryuji Tsugeki and Kiyotaka Okada
Department of Botany, Graduate School of Science, Kyoto University, Kyoto 606-8502, Japan
In Arabidopsis, post-embryonic growth of hypocotyls takes place in the absence of cell division. Difference in
length between hypocotyls of dark-grown seedlings (about 25 mm) and those of light-grown ones (about 1 - 3 mm) is
due to difference in degree of cell elongation in hypocotyls. Although cell elongation in hypocotyls is known to be
regulated by the light conditions and plant hormones, the mechanisms of its regulation and of cell elongation itself are
not well understood.
Here we report a vw331 mutant whose hypocotyl elongation is defective in the dark condition. Light-regulated
hypocotyl elongation in vw331 is as normal as that in wild type. These indicate vw331 has a defect in hypocotyl elongation
associated with the dark-grown developmental program. On the other hand, in roots of vw331, cell elongation is inhibited
irrespective of light or dark condition. In vw331, the conditional defect in hypocotyls and the constitutive defect in roots
are associated with abnormal bulging of the surface of the epidermal cells due to aberrant swelling of epidermal, cortex,
and endodermal cells, suggesting that vw331 is defective in regulated expansion of the cell wall. Moreover, cell wall
gaps were often observed in transverse sections of roots and dark-grown hypocotyls of vw331, which may also be
representing the cell wall defect in vw331. These observation indicate that VW331 gene is necessary for controlled
expansion of the cell wall required both for the light-dependent hypocotyl cell elongation and for the light-independent
root cell elongation.VW331 gene was mapped on the top of the chromosome I. Further mapping is in progress.
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Glucose trimming of the core N-glycan is required for cellulose biosynthesis

Stewart Gillmor1, Patti Poindexter1, Keiko Sujino2, Monica Palcic2, and Chris Somerville1
Carnegie Institution, Stanford; 2Dept. of Chemistry, U. of Alberta
Cellulose has long been proposed to play a crucial role in the control of cell elongation and plant morphogenesis.
This has been supported by recent genetic analysis of the cellulose deficient rsw1-1 seedling mutant. To look for more
severe mutations affecting cell elongation, we performed a genetic screen for mutants with altered embryo shape. Two
genes that are required for correct polarity of cell expansion are presented here. Both mutants are radially swollen during
embryogenesis, and have reduced levels of cellulose.
The first of these mutants is a null allele of the RSW1 catalytic subunit of cellulose synthase, rsw1-2. The second
group of mutants are allelic to knopf, which was previously described as a seedling mutant with altered shape. We have
cloned the KNOPF gene based on its map position. KNOPF has 30% identity with α-glucosidase I, the first glucose
trimming enzyme in the processing of N-linked glycans. knopf embryos lack α-glucosidase I activity, and are blocked in
N-glycan processing.
Trimming of N-glycans has previously been shown to be required for chaperone-mediated protein folding in the
endoplasmic reticulum. Since the cellulose synthase RSW1 contains several N-linked glycosylation motifs, this suggested
that misfolding and subsequent degradation of RSW1 might explain the decrease in cellulose in knopf embryos. We
demonstrate that RSW1 is in fact not N-glycosylated, and that Wt and knopf embryos contain equal amounts of RSW1.
Thus, the decrease in cellulose in knopf embryos is not due to degradation of RSW1.
We present a simple biophysical model to explain the altered shape of knopf and rsw1-2 mutants during embryogenesis.
Our results demonstrate that trimming of the core N-glycan is required for cellulose biosynthesis, and indicate that
mutations affecting cellulose biosynthesis can be recovered during embryogenesis.
1
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Characterization of lignification mutants in Arabidopsis Thaliana

Thomas Goujon1, Richard Sibout1, Bruno Maba1, Nicole Bechtold2 Brigitte Pollet3, Isabelle Mila3, Catherine
Lapierre3, Lise Jouanin1
1
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Versailles cedex France, 3Chimie biologique INRA-INA PG 78850 Thiverval-Grignon France
Arabidopsis has now become a model plant for lignification studies as mature stem displays a high lignification rate
and typical lignins from Angiosperms (G and S units). The T-DNA insertion library of Versailles was screened to isolate
tagged mutants affected in monolignols biosynthesis pathway. The goal of this work is to compare the phenotypes of the
Arabidopsis mutants to those observed in other species obtained by antisense or chemical mutagenesis strategies in
order to valid this model system.
One line displays a translationnal fusion between the caffeate O-methyltransferase (COMT) gene and the coding
sequence for β-glucuronidase. The COMT is preferentially involved in the synthesis of syringyl units (S units) of lignins.
The GUS fusion allowed us to monitor the expression pattern of this gene throughout the entire development of the
plant, in addition to analyses of lignin quality. The mutant lignins completely lack S unit but contain its direct precursor
in small amount, the 5-OH-G unit.
Lines mutated in genes coding for cinnamyl alcohol dehydrogenases were identified. CAD catalyses the reduction
of cinnamaldehydes to monolignols. One mutant shows important perturbations in lignin composition whereas no lignin
modifications are observed in another.
These phenotypes in Arabidopsis mutants are very similar to those obtained in other species (tobacco and poplar
antisense, maize mutant bm3, …). These results are in favor of pursuing this work on Arabidopsis for lignification study.
The screening of the insertion library is now carried out in order to identify new mutants of this biosynthetic pathway
(genes involved in polymerisation, regulation,…). The obtention of several lignification mutants in a sole species will
allow us to better understand this pathway and, especially its regulation.

184

Cell polarity signaling in Arabidopsis involves a Brefeldin A-sensitive auxin influx
pathway

Markus Grebe1, Jiri Friml2, Ranjan Swarup3, Maarten Terlou1, Klaus Palme2, Malcolm W. Bennett3, and Ben Scheres1
1
Utrecht University, The Netherlands. 2Max-Delbrück-Laboratorium, Max-Planck-Gesellschaft, Köln,
Germany. 3 University of Nottingham, U.K.
Cell polarity in the Arabidopsis root epidermis is reflected by polar hair outgrowth from hair cells (trichoblasts) (1).
Hairs initiate basally, oriented towards the root tip where auxin accumulates at maximum concentration (2). Here we
report, that auxin influx carrier AUX1 (3-5) function contributes to polar basal hair initiation, since aux1 mutants display
apically shifted hairs and double hair formation from trichoblasts. The phenotypes are rescued when the wild-type
genomic AUX1 sequence with an insertion for a hemagglutinin (HA) epitope-tag is introduced into the aux1 mutant
background. Exogenous application of the synthetic auxin influx carrier substrate 2,4-dichlorophenoxyacetic acid (2,4D) (6) enhances basal hair initiation and aux1 mutants are resistant to this 2,4-D effect. Thus, AUX1 function is required
for 2,4-D-induced trichoblast basalization. The vesicle trafficking inhibitor brefeldin A (BFA) (7,8) causes specific
trichoblast polarity defects at low concentrations. The BFA-induced phenotypes are similar to but stronger than those
observed for aux1 mutants. aux1 mutations confer resistance against BFA action on trichoblast polarity demonstrating
that AUX1 activity is required for BFA-induced polarity changes. Immunolocalization of the functional HA-AUX1
protein reveals that BFA inhibits plasma membrane localization of AUX1, further indicating membrane trafficking of
the influx carrier as a target for BFA-interference. Accordingly, BFA inhibits action of exogenously applied 2,4-D on
trichoblast polarity. Finally, BFA alters expression of different auxin-inducible reporters in the root tip. Our results
reveal AUX1 as one component of a novel BFA-sensitive pathway polarizing epidermal cells towards an auxin maximum.
(1) Masucci and Schiefelbein 1994, Plant Physiol 106, 1335. (2) Sabatini et al. 1999, Cell 99, 463. (3) Pickett et al. 1990, Plant Physiol 94,
1462. (4) Bennett et al. 1996, Science 273, 948. (5) Marchant et al. 1999, EMBO J 18, 2066. (6) Delbarre et al. 1996, Planta 198, 532. (7)
Lippincott-Schwartz et al. 1989, Cell 56, 801. (8) Satiat-Jeunemaitre and Hawes 1992, J Cell Sci 103, 1153.
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A symbiosome nodulin of soybean, Nodulin-24, is targeted to the vacuole

Young-Yun Gu and Choong-Ill Cheon*
Department of Biological Science, Sookmyung Women’s University, Seoul 140-742, Korea
Nodulin-24 is a membrane protein of soybean root nodules. It was shown to have a cleavable signal sequence and
localized to the membrane enclosing the symbiotic bacteria. For understanding the targeting process of nodulin-24,
nodulin-24 cDNA was fused to ¥â-glucuronidase (GUS) gene and the fused construct was introduced into yeasts.
Subcellular fractionation and marker enzyme assays were performed for localization of the fusion protein; The GUS
activity was concentratedly found in the P13 fraction which supposedly contains ER and vacuoles. Isolated vacuoles by
discontinuous ficoll gradient centrifugation also have high GUS activity. It was concluded that the fusion was targeted to
vacuole in yeast. Vacuolar targeting of nodulin-24 in yeast may suggest that the symbiosome is an organelle equivalent
to vacuoles. For nodulin-24 targeting in Arabidopsis, the fusions were introduced into Arabidopsis and the analysis of
the transgenic plants are underway. The transient expression of nodulin-24/green fluorescent protein (GFP) fusion is
also being performed.
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molecular genetic characterization of a calcium binding protein in
photomorphogenesis of Arabidopsis seedlings

Hongwei Guo, Todd Mockler, Hongyun Yang, Chentao Lin
University of California, Los Angeles
As the major photosensory receptors in plants, cryptochromes and phytochromes often regulate the same
photomorphogenetic responses. The molecular mechanism underlying functional interactions of cryptochromes and
phytochromes remains unknown. In an attempt to identify the downstream components in cryptochromes signal
transduction pathway, we have identified an Arabidopsis photomorphogenetic mutant, sub1, which exhibits hypersensitive
responses to blue light and far-red light. Genetic analyses indicate that SUB1 functions as a component of a cryptochrome
signaling pathway and a modulator of phyA signal transduction. The SUB1 gene is cloned and encodes an EF-hand
calcium-binding protein that suppresses light-dependent accumulation of HY5, a transcriptional factor that positively
regulates light responses (Guo et al. Science (2001) 291:487-490). Further studies revealed that sub1 is primarily expressed
in hypocotyls and stem tissues, but not found in seeds, roots or leaves. SUB1 protein is enriched in the nuclear periphery
as well as cytoplasm, suggesting sub1 might regulate the trafficking of several nuclear proteins, including COP1 and
PHYA. A putative model on cryptochrome signaling pathway is discussed based on the above observations.
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Tissue-Specific and Developmental Regulation of MT Isoforms in Arabidopsis

Woei-Jiun Guo, Weenun Bundithya, Peter Goldsbrough1
Department of Horticulture, Purdue University
Metallothioneins (MTs) are cysteine-rich proteins that bind metals via thiol clusters. While it is established that MTs
are required for heavy metal tolerance in fungi and animals, the role of MTs in plants is not yet clear. In Arabidopsis, 7
actively expressed MT genes have been identified and these can be grouped into 4 classes. To further investigate tissuespecific and developmental regulation of MT genes, we produced transgenic Arabidopsis plants containing GUS reporter
genes under the control of different MT promoters. The MT1a and MT2a promoters are highly expressed in roots and
leaves, respectively. In contrast, the MT2b-GUS reporter is expressed in all organs. In roots, MT1a is primarily expressed
in the cortex, whereas MT2b is expressed in phloem. MT2a expression in roots is restricted to the root tip. In leaves,
MT1a and MT2b are expressed predominantly in phloem. In response to copper treatment, expression of MT genes in
phloem is enhanced both in roots and leaves, and especially in trichomes of expanding leaves. Transcription of MT
genes is also regulated during development. Elevated expression of MT-GUS reporter genes in leaves and roots increased
as these organs aged and senesced. Expression of MTs was observed in trichomes on older plants. Based on these
observations, we propose that MTs may function as a carrier for metal transport in the phloem. In this capacity, MTs can
reduce toxicity of metal, such as copper. In addition, trichomes may be a site for deposition and storage of excess metals.
1
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Two SECY homologs involved in thylakoid protein transport have essential, nonredundant roles in embryo development

Jessica A. Hankinson, Gregory R. Heck, and Donna E. Fernandez
Department of Botany, University of Wisconsin-Madison
Imported proteins are translocated across the plastid thylakoid membrane by four different pathways. The Secdependent pathway involves a trimeric SecYEG complex that functions as a protein-conducting channel. To study the
contribution of the Sec-dependent pathway to plastid biogenesis, we have screened for insertional mutations in the two
SECY homologs in the Arabidopsis genome. Two mutant alleles of SECY1 and one mutant allele of SECY2 have been
identified. Individuals carrying the secY2 allele in the homozygous condition arrest at the globular stage of embryo
development. Individuals carrying the secY1-1 and secY1-2 alleles in the homozygous condition also arrest during
embryo development. These results indicate that both SECY1 and SECY2 play essential, non-redundant roles in early
embryo development. To gain further insight into the functions of SECY proteins in Arabidopsis, we are also comparing
the expression patterns of SECY1 and SECY2 in various tissues and at different developmental time points.
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Arabidopsis ABA responses are regulated by a HD-Zip protein, a target of the protein
phosphatase 2C ABI1

Axel Himmelbach, Erwin Grill
Technische Universität München
The Arabidopsis protein phosphatase 2C (PP2C) ABI1 is a key component of the ABA signal transduction pathway.
By analysing protein/protein interactions we have identified a transcription factor of the homeodomain-leucine zipper
(HD-Zip) class as a new component of the ABA signalling pathway. The transcription factor interacts with ABI1 in yeast
and in vitro. The enzymatically less active mutant protein abi1 and an inactive version of ABI1 were impaired in
binding, indicating that the interaction is dependent on the protein phosphatase domain of ABI1. The transcription factor
recognises a pseudopalindromic DNA sequence in vitro, which is also present in its own promotor. Moreover this ciselement mediates gene activation in transient expression analysis in Arabidopsis. In addition, transgenic Arabidopsis
plants ectopically expressing the transcription factor revealed altered ABA responses. From these data we conclude that
the transcriptional factor represents a component of the ABA signalling cascade acting downstream of ABI1.
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Chacterization of the auxin-resistant6 mutants

Lawrence Hobbie, Georgeta Badrajan, Anngela Chapman, Carlos Lopez, Christopher Lombardi, Suzanne Sherman
Adelphi University
The auxin-resistant6 mutants display a variety of alterations in development and physiology that are consistent with
an altered auxin response throughout the plant (Hobbie et al., 2000, Development 127, 23-32). Heteozygous mutants
show altered growth habit, reduced root gravitropism, and auxin-resistant root growth and hypocotyl elongation.
Homozygous mutants generally show aberrant embryonic development, leading to seedlings that consist of cotyledons
joined to a basal stub but lacking roots and hypocotyls. Our recent results include an analysis of the phenotype of double
mutants between axr6-2 and the dominant mutation axr2, which is consistent with the two mutations showing largely
additive effects. Analysis of the hypocotyl cells of light-grown mutant and wild-type seedlings shows that the axr6
heterozygous mutants have an increased number of smaller cells compared to wild type, resulting overall in hypocotyls
of about the same length as wild-type. Measurements of auxin transport in the stems of axr6 heterozygous plants indicate
little difference from wild type.
Lines of viable plants that are homozygous for the axr6-2 mutation have been identified. These homozygous viable
plants produce progeny that consist of 80-95% rootless seedlings and 5-20% seedlings that develop roots. The viable
homozygotes appear to be more strongly affected in all aspects of the mutant phenotype than the heterozygous mutants.
The existence of these plants suggests that the axr6-2 mutation results in the level of a crucial developmental signal or
pathway that is very close to a threshold for proper development of the basal structures (root and hypocotyl). Chance
variations may sometimes put an individual embryo into the normal range.
The map position of the AXR6 gene has been defined to a region of approximately 60,000 bp on the short arm of
chromosome 4. This region contains no Aux/IAA or ARF gene family members. Testing of candidate genes is in progress.
These results expand our knowledge of the development and physiology of the mutants and represent significant
progress towards molecular characterization of the AXR6 gene.
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The Sugar-Insensitive Mutant sis2 Germinates on Paclobutrazol, a Gibberellin
Biosynthesis Inhibitor

Lydia C. Hoot-Sommerlad, Donggiun Kim, Daniel Verduzco, and Susan I. Gibson
Rice University, 6100 Main St., MS-140, Houston, TX 77005
Sugar levels have been postulated to affect plant developmental processes, including germination, time to flowering,
and carbon partitioning. However, little is known about the mechanisms by which plants sense and respond to sugar.
Gaining an understanding about these mechanisms may eventually enable the improvement of crop yield.
The sugar-insensitive2 (sis2) mutant was isolated from a pool of EMS-mutagenized seeds based on its ability to
form true leaves and a substantial shoot system on 0.3M glucose. Wild-type seeds germinate on 0.3M glucose, but
further development is arrested. The sis2 mutation does not affect sugar transport, as not all sugar responses in the sis2
mutant are altered.
As work from several labs indicates that sugar-response mutants may show alterations in phytohormone response or
metabolism, I characterized the response of sis2 to several phytohormones (and to some of their respective inhibitors).
The sis2 mutant demonstrates wild-type root length inhibition on auxin, cytokinin, and methyl-jasmonate. Interestingly,
sis2 is insensitive to the inhibitory effects of paclobutrazol, a gibberellin biosynthesis inhibitor, on seed germination. In
contrast, sis2 demonstrates almost wild-type sensitivity to paclobutrazol at later developmental stages.
As previous work shows that ABA-deficient, ABA-insensitive, ethylene-constitutive response, and ethyleneoverproduction mutants also germinate on paclobutrazol, I tested the response of sis2 to these phytohormones. The sis2
mutant demonstrates wild-type germination on ABA, and wild-type hypocotyl elongation on the ethylene and brassinosteroid
biosynthesis inhibitors AVG and brassinazole, respectively. The sis2 mutant has a very subtle wilty phenotype (an ABA
response). Experiments to directly measure ABA levels in the sis2 mutant are currently being performed.
As the pathway through which the sis2 mutation confers sugar and paclobutrazol resistance remains unclear, cloning
the SIS2 gene should help define its function. Previous work has mapped the SIS2 gene to the bottom of chromosome 1,
11.4 cM away from the nga111 marker.
Supported by Department of Energy Biosciences Program Grant #DEFG03-00ER15061.
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The effect of mutations in the exportin-t homologue PAUSED on shoot development

Christine Hunter, Hui Sun, Maria Fokina, Scott Poethig
University of Pennsylvania, Philadelphia PA, 19104
In Arabidopsis, the transition from the juvenile to the adult vegetative phase is marked by changes in leaf shape and
the appearance of trichomes on the abaxial surface of the leaves. paused (psd) was isolated as a mutation which causes
the appearance of adult characteristics in the first two leaves. Examination of psd mutant plants revealed that the timing
of the juvenile to adult transition is not affected, but there is a delay in leaf initiation which causes the first leaves to be
produced during the adult phase. This delay in leaf production is associated with the death of a small group of cells in the
central zone of the shoot apical meristem. We have cloned the PSD gene and shown that it is a member of the importinβ
family of nuclear import/export factors. PSD is most similar to the S. cerevisiae protein Los1p, which is involved in the
export of tRNA. We will report on the molecular characterization of PSD and its potential involvement in tRNA export.
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D-type cyclins in plant cell cycle control

Rachael Huntley, Walter Dewitte, Jim Murray
University of Cambridge
In contrast to animals, plants have indeterminate growth and thus require the ability to alter their growth rate or
pattern in response to environmental or developmental signals. Cell division in plants is concentrated in specialised
regions called meristems. A small group of cells in the meristem divides to continually supply cells which are directed to
organ formation. The relationship between cell division and the growth pattern of the whole plant is still not fully
understood, in order to help in this we need to determine how the cell cycle in plants is controlled. The major players in
the plant cell cycle have been identified and are basically similar to the components of the mammalian cell cycle,
however, their specific roles and the manner in which they are regulated appear to be plant-specific. D-type cyclins
operate at the G1 to S phase transition of the cell cycle and there is evidence that they play an important role in controlling
commitment to cell division as well as mediating responses of plant cells to extracellular signals such as sucrose and
cytokinin. Manipulation of the levels of D-type cyclins will help us to understand their role in the cell cycle and how this
is linked to the overall growth of plants. We have overexpressed Arabidopsis cyclin genes in both Landsberg erecta and
Columbia ecotypes of Arabidopsis . The phenotypes of the transgenic plants are reported together with preliminary
analysis of the phenotypes.
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SPATIAL EXPRESSION OF MYROSINASE GENE PROMOTER TGG1 IN SEEDLING
AND VEGETATIVE ARABIDOPSIS

Harald Husebye, Per Winge, Ole Petter Thangstad and Atle Bones
Department of Botany, Norwegian University of Science and Technology, N-7491 TRONDHEIM, NORWAY
Myrosinase (EC 3.2.3.1) also known as thioglucoside glucohydrolase (TGG), catalyses the hydrolysis of glucosinolates
into glucose, sulfate and a wide range of products. The products are toxins to a wide range of microbes and generalist
herbivores but stimulate oviposition and feeding of specialist insects. In Brassica napus there are multiple forms of
myrosinase genes in contrast to Arabidopsis thaliana where there are two known functional myrosinase genes, TGG1
and TGG2. 23 different types of glucosinolates have been isolated from A. thaliana.
We have made transgenic A. thaliana plants containing the TGG1 and TGG2 promoters fused to GUS or GFP
reporter genes to study the spatial distribution and level of myrosinase expression in response to different stimuli such as
environmental conditions and insect challenge. Within the TGG1 GFP fusion genes myrosinase N- and/or C-terminal
encoding sequences were included to investigate their role in compartmentalization myrosinase at subcellular level.
The TGG1 promoter shows specificity towards guard cells and phloem cells in A. thaliana seedlings and vegetative
plant. In the flower stalk all guard cells show TGG1 promotor expression while positive phloem cells appear in a
discontinuous cell pattern. Transverse sections show that phloem cells with GUS and GFP expression are phloem
parenchyma cells. Together with guard cells this special population of phloem cells show reactivity towards our polyclonal
myrosinase antibody K089, suggesting that in A. thaliana both are myrosin cells. Cells with a phenotype similar to Scells, recently reported to be rich in glucosinolates, are located next to the myrosinase containing phloem cells. Substrate
and catalytic enzyme therefore appear to be contained in separate but associated cells in the A. thaliana flower stalk.
Myrosinase TGG1 promoter activity is higher in young developing tissue than older tissue. In young tissues a high
myrosinase level may be necessary for proper protection towards microbes and insects due to lower physical strength
barriers.
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Topical application of harpin induces plant defense responses in Arabidopsis
thaliana through both the JA/ethylene-dependent and SA-dependent pathways

Carolyn Hutcheon, Jay De Rocher, and Zhongmin Wei
EDEN Bioscience, 11816 North Creek Parkway North, Bothell, Washington, 98011
Harpin, encoded by the HrpN gene of Erwinia amylovora, has previously been demonstrated to be an elicitor of the
hypersensitive response, but its precise mode of action is not yet known. Topical application of harpin protein confers
resistance to a wide range of plant pathogens. To start to understand the mechanisms of harpin-induced defense responses,
we assessed harpin effects on expression of marker genes for the salicylic acid (SA)- and jasmonic acid (JA)/ethylenedependent defense pathways. Arabidopsis lines with mutations in these defense pathways were used to verify that
harpin-induced changes in marker gene expression were mediated by these pathways. Activation of the SA-dependent
pathway is indicated by induction of PR1, PR2, and PR5 expression and the JA/ethylene-dependent pathway by induction
of PDF1.2 expression. Topical application of harpin resulted in the dose dependent induction of these marker genes
indicating roles for both pathways in harpin-mediated defense responses. This was in contrast to the effect of the salicylic
acid analogue benzothiadiazole (BTH) which induced PR1 expression but had no effect on PDF1.2 expression. The
ability of harpin to induce defense gene expression was determined in npr1 and eds5 plants in which the SA signaling
pathway is disrupted and in ein2 and jar1 plants containing mutations affecting the JA/ethylene pathway. PR1 induction
by harpin was blocked in npr1 and eds5 plants, indicating that harpin signaling acts through a functional SA-dependent
pathway. Likewise, harpin treatment of ein2 did not result in PDF1.2 induction, confirming that harpin signaling also
occurs through the JA/ethylene dependent pathway. The finding that harpin activates at least two defense pathways to
induce defense gene expression provides initial insight into the capacity of harpin to induce resistance to a broad range
of pathogens and indicates an upstream point of interaction by harpin with defense responses.
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Genetic clues to unravel the cpSRP pathway for the targeting of LHCPs to thylakoids

Claire Hutin1, Neil Hoffman2, Jean-Pierre Carde3, Michel Havaux4 and Laurent Nussaume1
LMC/DEVM, CEA/Cadarache, France,2Paradigm genetics, North Carolina, USA,3Université de Bordeaux I,
France, 4DEVM/LEP, CEA/Cadarache, France
The chloroplast signal recognition particle (cpSRP) is one of the four pathways which target proteins to thylakoids.
It shares similarities with cytosolic SRP complex that co-translationally targets proteins to endoplasmic reticulum or
periplasmic membrane. Both contain a 54kD protein with GTPase activity and are dependent on a second GTPase
protein identified as the -subunit of the SRP receptor and its chloroplast homologue, cpFtsY. CpSRP differs from cytosolic
SRP by the absence of RNA component and the presence of a 43kD protein. Furthermore, the 43 and 54kD proteins
cpSRP complex functions post-translationally. The membrane component of the cpSRP includes ALB3, an homologue
of the yeast OXA1 component required for the assembly of the mitochondrial cytochrome c oxidase. Biochemical and
genetic studies have established that the most abundant nuclear-encoded thylakoid protein family, the light-harvesting
chlorophyll proteins (LHCPs), uses this pathway. Previous analyses of chaos and ffc cpSRP mutants, respectively deficient
in cpSRP43 and cpSRP54, revealed that half of the LHCPs is integrated into the thylakoids. This suggested the presence
of an alternative pathway for LHCP targeting. This hypothesis was ruled out by the analysis of the double mutant which
indicates an additive effect of the chaos and ffc mutations. The near-total loss of LHCPs in the double mutant demonstrated
that cpSRP is the predominant targeting pathway for these proteins. In addition, analysis of the plantlets reveals that
cpSRP is required for the import of nuclear proteins distinct from LHCP. We have identified a ftsY mutant, and the
plantlets differ from chaos and ffc, suggesting new insights into the cpSRP mechanism.
1
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Genetic studies of chloroplast protein import in Arabidopsis

Paul Jarvis, Amy Baldwin, Jonathan Combe, Penny Dudley, Jonathan Greenwood, Ramesh Patel, David Stevenson,
Tony Wardle
Department of Biology, University of Leicester
Most chloroplast proteins are encoded in the nuclear genome, translated on cytosolic ribosomes, and imported posttranslationally into chloroplasts. Chloroplast protein import is mediated by the coordinate action of translocon protein
complexes in the outer and inner envelope membranes of chloroplasts. Biochemical studies of isolated pea chloroplasts
have greatly enhanced our understanding of the chloroplast protein import mechanism, and resulted in the identification
of many components of the import apparatus – components of the outer and inner envelope membrane complexes are
referred to as Toc (translocon at the outer envelope membrane of chloroplasts) and Tic proteins, respectively. A number
of limitations of the biochemical approach, however, have led to the recent emergence of Arabidopsis as an excellent
alternative model system for studying chloroplast protein import. One major advantage of Arabidopsis is that it is
amenable to the application of genetics. By identifying mutant plants with defects in Toc/Tic genes, one can study the
roles of translocon components in vivo. My laboratory has used a variety of forward and reverse genetic strategies to
identify Arabidopsis mutants with chloroplast protein import defects. Plastid protein import 1 (ppi1) is null for Toc33,
has significant chloroplast protein import defects, and was the first such mutant to be identified. We are currently
engaged in experiments to characterize this mutant and others, and expect that our results will improve understanding of
the import mechanism, how it is regulated, and the role played by non-proteinaceous envelope components.
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Genetic dissection of RPP5-activated defence responses in Arabidopsis

Katherine Kahn, Jennifer D. Tedman, Kate Monaghan, Jane E. Parker and Jonathan D.G. Jones
Sainsbury Laboratory, John Innes Centre, Norwich NR4 7UH, United Kingdom
We are investigating how the race-specific resistance gene RPP5 translates perception of downy mildew (Peronospora
parasitica isolate Noco2) attack into effective defense. To identify the components that cooperate with RPP5 to achieve
disease resistance, we are isolating mutants that are defective in RPP5-function. We are especially interested in mutations
that partially suppress RPP5-mediated defence, as these may prove critical in dissecting the intricate signalling network(s)
controlling resistance.
Approximately 316,000 M2 EMS-mutagenized Landsberg-erecta seedlings have been screened, yielding 258
candidate partially susceptible (PS) mutants. The first 155 of these have been carefully progeny tested, yielding an intial
13 PS mutants on which this project focused. Complementation testing revealed six complementation groups, including
two that may represent previously undescribed genes. For one of these, PS 138, we have localized the mutation to a 55
kbp region on the lower arm of Chromosome 2 and mutation detection analysis and complementation testing are underway.
The remaining four PS complementation groups include the previously described pad 4 (4 alleles), rpr2/rar1 (1 allele,
see poster at this meeting by Muskett P. et al), sid2/eds16 (1 allele) and most likely rpp5 (4 semi-dominant, partial-lossof-function mutants). During this screen, we have also identified up to 81 total-loss-of-function mutations, which are
completely susceptible to Noco2 attack. Analysis of the first 37 mutants in this class revealed that 28 are rpp5 alleles, 2
eds alleles (eds 1-9,10), 3 rpr1 alleles (rpr1-2,3,4, see poster at this meeting by Austin, M. J. et al), and 4 rpr2/ rar1
alleles (rpr2-2,3,4,5). Progeny testing of the remaining 103 candidate partially susceptible mutants and 44 totally
susceptible mutants is underway.
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ADL1Ap and ADL1Ep, Two Isotypes of 68 kDa Arabidopsis Dynamin Like Protein are
Involved in Plant Cell Morphogenesis

Byung-Ho Kang, James Busse, and Sebastian Bednarek
University of Wisconsin-Madison
The 68 kDa dynamin related protein ADL1Ap is required for multiple stages of plant development. In addition to
ADL1A, the Arabidopsis genome contains four additional open reading frames that encode members of the ADL1 family.
However, RNA blot analysis showed that only ADL1A, ADL1C and ADL1E are transcribed. To address the functions of
ADL1A&ADL1E, null mutants of ADL1A and ADL1E were isolated. Homozygous mutation of ADL1A conferred
phenotypes of abnormal embryo development and conditional seedling lethality. In the presence of sucrose, homozygous
adl1A seedling survived and appeared to developed normal (Kang et al., 2001). However, the leaves of mature adl1A
homozygous plants have fewer trichomes than wild type and the trichomes have smaller number branches than
corresponding trichomes in wild type. Papillae on stigmatic tissues of mutants never elongate. To analyze the expression
of ADL1A, ADL1A promoter::β-glucuronidase reporter gene (GUS) activity was assayed. ADL1A promoter was active in
embryo, cotyledons, at the site of trichome initiation, expanding papillae, and top of the stigma. The tissue specificity of
ADL1A promoter::GUS expression is consistent with the phenotypes of adl1A homozygous mutants. Disruption of
ADL1E did not cause any visible defect but the mutation of both ADL1A and ADL1E resulted in embryo lethality. ADL1E
promoter::GUS expression indicated that ADL1E expression profile was almost identical to that of ADL1A. Our data
suggest that ADL1A is involved in plant cell morphogenesis including papillae elongation and trichome development
and that ADL1A and ADL1E have partially overlaping function.
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RIN2 interacted with an Arabidopsis disease resistance gene, RPM1 encodes RING
finger-type ubiquitin ligase.

Tsutomu Kawasaki1, Ben F. Holt III 1, Jaesung Nam 1,2, Doug Boyes1,3, David Mackey1, Claire Taylor1, Jeffery L.
Dangl1
1
University of North Carolina, 2Current address, Dong-A University, 3Current address, Paradigm Genetics
To dissect the RPM1-mediated disease resistance signal transduction pathway, we identified RPM1 interacters (RIN)
by yeast two hybrid screening using the RPM1 fragments as baits. An RPM1 interacter, RIN2, contains putative
transmembrane domains, a putative cytoplasmic RING finger domain and a novel C-terminal domain (which we term
the DL domain) that is sufficient for interaction with the N-terminal domain of RPM1, including the coiled-coil domain.
Recently, the RING finger proteins have been reported to function as E3 ubiquitin ligase, interacting with substrates to
be ubiquitinated and targeted to the proteasome. Thus, RIN2 is suggested to encode an ubiquitin E3 ligase. Previously,
we localized RPM1 as a peripheral plasma membrane, and noted that it is degraded just before the onset of the HR. This
might be necessary to limit the spread of HR cell death beyond the cells in close proximity to the invading pathogen. The
degradation of RPM1 is proteasome-dependent, suggesting that the RPM1 degradation may be involved in the ubiquitin
ligase complex. To analyze whether RIN2 functions as E3 ligase of RPM1 through a direct interaction with the DL
domain, we generated glutathione-S-transferase (GST) fusion proteins with RING domain and / or DL domain of RIN2.
The GST-RIN2 protein itself is ubiquitinated in an E2 dependent manner. The RING domain of RIN2 is sufficient for an
ubiquitin ligase activity. A possibility whether RIN2 can function as E3 ligase of RPM1 will be discussed.
This work is supported by NSF grant IBN-9724075 to JLD.
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Trafficking of Phosphatidylinositol 3-Phosphate from the trans-Golgi Network to the
Lumen of the Central Vacuole in Plant Cells

Dae Heon Kim1, Young-Jae Eu1, Cheol Min Yoo1,Yong-Woo Kim1, Kyeong Tae Pih1, Jing Bo Jin2, Harald Stenmark3,
and Inhwan Hwang1
1
Pohang University of Science and Technology and Center for Plant Intracellular Trafficking,2Gyeongsang
National University,3Norwegian Radium Hospital
Very limited information is available on the role of phosphatidylinositol 3-phosphate (PI[3]P) in vesicle trafficking
in plant cells. To investigate the role of PI(3)P during the vesicle trafficking in plant cells, we exploited the PI(3)Pspecific binding property of the endosome binding domain (EBD)(amino acids 1257 to 1411) of human early endosome
antigen 1, which is involved in endosome fusion. When expressed transiently in Arabidopsis protoplasts, a green fluorescent
protein (GFP):EBD fusion protein exhibited PI(3)P-dependent localization to various compartment-such as the transGolgi network, the prevacuolar compartment, the tonoplasts, and the vesicles in the vacuolar lumen- that varied with
time. The internalized GFP:EBD eventually disappeared from the lumen. Deletion experiments revealed that the PI(3)Pdependent localization required the Rab5 binding motif in addition to the zinc finger motif. Overexpression of GFP:EBD
inhibited vacuolar trafficking of sporamin but not trafficking of H+-ATPase to the plasma membrane. On the basis of
these results, we propose that the trafficking of GFP:EBD reflects that of PI(3)P and that PI(3)P synthesized at the transGolgi network is transported to the vacuole through the prevacuolar compartment for degradation in plant cells.
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AtVPS34, the PI3-Kinase that is responsible for production of PI(3)P at the TGN

Heeyeon Kim2,DaeHeon Kim1,Soojin Kim1,Inhwan Hwang1,2
1
Center for Plant Intracellular Trafficking and,2Division of Molecular and Life Science, Pohang University of
Science and Technology
Phosphatidylinositol 3-phosphate [PI(3)P] has been known to traffic from the trans-Golgi network (TGN) to the
lumen of the central vacuole in Arabidopsis. However, Phosphatidylinositol 3-kinase (PI3-kinase) that is involved in
production of PI(3)P at the TGN has not been identified yet in Arabidopsis. Here, we present evidence that AtVPS34, a
homolog of yeast Vps34p is the PI3-kinase. We isolated an Arabidopsis mutant with a T-DNA insertion at the Atvps34
gene. The homozygote of the mutant was lethal. When we examined trafficking of PI(3)P in the heterozygote using
GFP:EBD, a specific marker for PI(3)P, only half amount of GFP:EBD was transported to the central vacuole, compared
with the wild type. This result suggests that the amount of PI(3)P produced in the heterozygote may be half of that in the
wild type. In addition, we also find that when examined by the yeast two hybrid system, AtVPS34 interacts with AtVPS15,
a homolog of yeast Vps15p, as in the case of Vps34p and Vps15p in yeast, suggesting that the mechanism for the
targeting and activation of AtVPS34 to the TGN may be similar to that in yeast.
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Increased Size Exclusion Limit of Plasmodesmata in Mutant Embryos of Arabidopsis
thaliana

Insoon Kim1, Frederick D. Hempel1, Michael N. Mindrinos2, Kyle Sha1, and Patricia C. Zambryski1
1
University of California at Berkeley, 2Stanford Genome Technology Center
Plasmodesmata provide routes for communication between plant cells by interconnecting the cytoplasm of adjacent
cells. Their function and structure have been extensively studied, yet, a definitive functional protein component specific
to plasmodesmata remains to be identified. In a genetic screen, we isolated Arabidopsis embryos carrying mutations of
altered plasmodesmata function, designated increased size exclusion limit of plasmodesmata (ise). These novel mutants
showed a larger size exclusion limit of plasmodesmata when examined by a probe-movement assay. ise mutant embryos
allowed the movement of fluorescently labeled 10 kDa dextrans between cells at the mid torpedo stage, whereas wildtype embryos did not allow the trafficking of the 10 kDa dextrans through the plasmodesmata. The morphology of the
isemutants discussed here, ise1 and ise2, resembled that of the wild-type during embryo development. ise2was allelic to
the previously characterized mutant emb25 which gene maps to position 100 cM on chromosome I. We mapped the ISE1
gene to region between two overlapping BAC clones, T12C24 and F13K23, spanning a 106.7 kb interval, located near
position 10.5 cM on chromosome I using simple nucleotide polymorphisms (SNPs) as PCR-based biallelic markers.
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The protein encoded by oncogene 6b from Agrobacterium tumefaciens interacts with
a tobacco nuclear protein

Saeko Kitakura1, Tomomichi Fujita1, Yoko Azechi1, Yoshihisa Ueno1, Shinji Terakura1, Hiroetsu Wabiko2, Yasunori
Machida1
1
Nagoya University, 2 Akita Preferectural Univeristy
The 6b gene in the T-DNA from Agrobacterium tumefaciens has oncogenic activity in plant cells, inducing tumor
formation, the phytohormone-independent division of cells and altered leaf morphology in tobacco and Arabidopsis.
The product of the 6b gene appears to promote some aspects of the proliferation of plant cells but the molecular mechanism
of its action remains unknown. We report here that the 6b protein associates with nuclear-localized protein NtSIP1
(Nicotiana tabacum 6b-interacting protein 1) of tobacco. NtSIP1 appears to be a transcription factor since its predicted
amino acid sequence includes two regions that resemble, respectively, a nuclear-localization signal and a putative DNAbinding motif, which is similar in terms of amino acid sequence to the tri-helix motif of rice transcription factor GT-2. A
fusion protein composed of the DNA-binding domain of yeast GAL4 protein and 6b protein activated the transcription
of a reporter gene under the control of the GAL4 UAS-fused promoter in tobacco cells. Furthermore, nuclear localization
of green fluorescent protein-fused 6b protein was enhanced by NtSIP1. A cluster of acidic residues in 6b protein appeared
to be essential, for nuclear localization and for transactivation, as well as for the hormone-independent growth of tobacco
cells. We propose that 6b protein might act in the proliferation of the plant cells through an association with NtSIP1.
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A group of functionally redundant MAPKK Kinases that regulate cell division

Patrick J. Krysan, Peter J. Jester, Jennifer R. Gottwald, and Michael R. Sussman
We have used a reverse-genetic approach to investigate the function of a group of three MAPKK Kinase genes:
ANP-1, ANP-2, and ANP-3. T-DNA insertional mutants were isolated for each gene, and we observed that all of the
single-mutant plants were phenotypically normal. Two of the three double-mutant combinations displayed mutant
phenotypes, however; and the triple-mutant combination was found to be lethal in both gametes. Analysis of the doublemutant plants using transmission electron microscopy revealed the presence of cell wall stubs and bi-nucleate cells,
indicating that cell division is disrupted in the mutant plants. We also utilized genome-wide expression analysis to
compare anp2/anp3 double-mutant plants with wild-type. This experiment demonstrated that numerous genes involved
in pathogen and stress responses are up-regulated in the double-mutant plants. Taken together, our results indicate that
the ANP genes constitute a group of collectively essential kinases that positively regulate cell division and may negatively
regulate stress responses.
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dab5, a delayed floral organ abscission mutant in Arabidopsis thaliana

Karianne M. Kusner1, Joshua D. Lindsey1,2, Tony Bleecker2, Sara E. Patterson1
1
Department of Horticulture, University of Wisconsin, Madison, 2Department of Botany, University of
Wisconsin, Madison
The process of abscission, the shedding of organ systems such as leaves, fruits, and flowers, is a common phenomenon
in the course of normal development of higher plants, yet the physiological and genetic basis of abscission is still not
entirely clear. What is evident is that abscission is an active, highly regulated and complex process that occurs at defined
zones of anatomically distinct cells (the abscission zone) that undergo enlargement and subsequent cell separation. The
use of mutants and transgenic plants in Arabidopsis provide important tools in elucidating the series of molecular events
that culminate in abscission, and the Patterson lab has identified several mutants delayed in the abscission of floral
organs in T-DNA insertion lines (University of Wisconsin T-DNA populations). One of these mutants, dab5(delayed
abscission 5), retains petals past position 17 on the inflorescence, whereas abscission of petals normally occurs at
position 6 in WS wildtype plants. Scanning EM photos of the abscission zone of dab5 mutants indicate that cells in this
region undergo uncontrolled elongation rather than forming rounded cells like wildtype. Southern blot analysis has
indicated the presence of a single T-DNA insertion within the genome of dab5 plants that cosegregates with the mutant
phenotype, and work is ongoing to confirm that this insertion is responsible for the delayed abscission phenotype. This
poster will present a detailed analysis of the phenotypic and genetic characterization of dab5, including scanning EM,
petal breakstrength measurements, and preliminary molecular data.This work was supported by USDA Grant 00353019085 and ATG training Grant NSF/DOE/USDA DB1 960-2222
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Quantitating expression of individual actin gene family members in single
Arabidopsis cells.

Valerie Laval1, Olga A. Koroleva2, Elaine Murphy2, Chungui Lu2, Joel J. Milner1, Mark A. Hooks2 and A. Deri Tomos2
1
University of Glasgow,2University of Bangor
We have developed a novel technique, single cell RT-PCR, that allows us to detect and quantitate individual gene
transcripts in single Arabidopsis cells. As a proof-of-principle study we have applied the technique to measure the
differential expression of the genes encoding eight different actin isoforms. Under a microscope, the cell contents were
extracted from individual epidermal or mesophyll cells using glass micro-capillaries, and from trichomes by excision.
The levels of the individual mRNAs were measured by semi-quantitative RT-PCR, using isoform-specific gene primers.
To exclude the possibility that extracts from epidermal cells had been contaminated by the contents of mesophyll cell,
we also assayed for the presence of rbcS. In most of the epidermal samples we were unable to detect any rbcS mRNA,
indicating that levels of contamination if any, were very low. In both mesophyll and epidermal cells we consistently
detected expression of ACT2 and in about half of the samples we also detected ACT8. In trichomes we consistently
detected both ACT2 and ACT8 and in addition, transcripts of ACT7 and ACT11. We never detected expression of any of
the other actin isoforms. This work confirms and extends the spatial resolution of expression previously reported for
actin genes and demonstrates the practicability of the technique. Most significantly, single cell RT-PCR allows gene
expression to be quantitated at the ultimate biological resolution, that of the individual cell. We are now extending this
technique to the analysis of changes in gene expression in Arabidopsis cells following infection by a virus.
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Identification, characterization and subcellular targeting of prenyl and acyl lipidsmodified proteins

Meirav Lavy, Keren Bracha, Hasana Sternberg, Tsofnat Lubotsky and Shaul Yalovsky
Department of Plant Sciences, Tel Aviv University, Ramat Aviv, Tel Aviv 69978. ISRAEL
Prenylation and acylation are posttranslational protein modifications required for the activity and subcellular
localization of several proteins, which function in signaling cascades that regulate growth, development and stress.
Regardless of their importance, the role of these lipid modifications in plant signaling is not well understood. An
experimental scheme was developed that combines extensive database searches, together with robust utilization of
Arabidopsis and yeast mutants and biochemical analysis. So far, these studies have yielded the identification of a number
of prenylated and acylated proteins and information about preferable protein substrates and their subcellular targeting
pathways. Prenylation by farnesyltransferase (FTase) and geranylgeranyltransferase-I (GGTase-I) involves cysteine
residues, which are part of a conserved C-terminal CXXX sequence motifs commonly known as CaaX box. Our studies
show that Ca1a2X proteins in which the a 2 position is occupied by charged amino acids are poor substrates of either
FTase or GGTase-I. On the other hand, a polybasic domain proximal to the CaaX box induced a five-fold increase in V
max and an order of magnitude decrease in K m for prenylation by GGTase-I. These data indicate that most substrates of
GGTase-I may contain a polybasic domain or alternatively should be expressed at higher levels. Following prenylation
proteins undergo two additional processing events at their C-terminal end. The aaX moiety is removed and in turn the
free carboxyl group of the isoprenyl cysteine is methylated. We show that prenylation occurs in the cytoplasm while aaX
processing and carboxy-methylation occur in the ER and golgi membranes, respectively. These data suggest that prenylated
proteins are targeted to their location through the endomembrane system. Several proteins, however, are targeted by a
different mechanism. Examples will be shown of proteins, which are acylated or prenylated and acylated. Targeting of
these proteins is defined via a balance between prenylation and yet unidentified factors.
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Effects of wounding on RNase induction in Arabidopsis thaliana: RNS1 defines a
novel signaling pathway

Nicole D. LeBrasseur, Gustavo C. MacIntosh, and Pamela J. Green
MSU-DOE Plant Research Laboratory, East Lansing, Michigan, 48824, USA
Induction of defense-related genes is one way plants respond to mechanical injury. In Arabidopsis, it has been
shown that at least two pathways control gene expression in response to wounding: jasmonic acid (JA) -dependent and
-independent. A current model suggests that JA is responsible for transcripts that accumulate in non-damaged, systemic
tissue, and a second factor, oligogalacturonides, controls gene expression in local damaged tissue. Because ribonuclease
(RNase) activities have been shown to be induced in other systems in response to wounding or pathogen challenge, we
investigated whether RNases are involved in the wounding response in Arabidopsis. In damaged leaves, stems, and
seedlings, several RNases are induced with various timings. Activities induced include at least three bifunctional nucleases
capable of degrading both RNA and DNA. Additionally, the activity of RNS1, a member of the widespread RNase T2
family, is strongly induced in response to wounding, and the RNS1 transcript is induced both locally and systemically.
However, RNS1 accumulation is not controlled by JA. In fact, all three nuclease activities, as well as RNS1, are induced
by wounding in the JA-insensitive coi1 mutant, demonstrating that the induction of all the activities is independent of
JA-signaling. Thus, we have demonstrated that a JA-independent wound-responsive gene can be induced systemically.
Further, induction of these activities is not controlled by oligosaccharide elicitors. Consequently, a novel pathway, likely
involving a third signal, exists in Arabidopsis. This hypothesis, as well as further studies of RNase expression and
possible functions in wounded plants, will be discussed.
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An Arabidopsis sec13 homolog that interacts with ADL6 functions as a negative
regulator of trafficking from the TGN to the central vacuole

Sung Hoon Lee, Dae Sup Park, Jing Bo Jin, Inhwan Hwang
Center for Plant Intracellular Trafficking, Pohang University of Science and Technology, Republic of Korea
Large number of proteins are transported from the trans-Golgi network to the central vacuole after translation.
However, the mechanism of the trafficking is not well understood in plant cells. We isolated a cDNA, named Seh1
homolog (Seh1h) by a yeast two hybrid screening using C-terminal region (356 amino acid residues) of Arabidopsis
dynamin-like 6 (ADL6) as a bait. The cDNA encoded 326 amino acid residues with a calculated molecular weight of
35.8 kDa. The deduced amino acid sequence showed about 20% amino acid sequence identity to Seh1 and yeast Sec13.
Protein-protein interaction between Seh1h and ADL6 was confirmed by the in vitro pull down assay using recombinant
ADL6 and Seh1h proteins expressed in E.coli. Also, an immunoprecipitation experiment revealed that a polyclonal antiSeh1h antibody precipitated both Seh1h and ADL6 from protein extracts prepared from Arabidopsis leaf tissues. The
biological role of Seh1h was addressed in vivo using an in vivo trafficking assay using GFP:EBD and sporamin:GFP as
cargos for the transport from the TGN to the central vacuole. The in vivo assay showed that Seh1h-dN accelerated
transport of GFP:EBD and sporamin:GFP to the central vacuole. Taken together we proposed that Seh1h functions as a
negative regulator of vacuolar trafficking from the TGN.
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A short hydrophilic region located at the C-terminus of the transmembrane domain is
required for targeting of AtOEP7 to the outer envelope membrane of chloroplast.

Yong Jik Lee2, Dae Heon Kim1, Yong-Woo Kim1, Inhwan Hwang1,2
1
Center for Plant Intracellular Trafficking and 2Division of Molecular and Life Science
The small outer envelope membrane proteins of chloroplasts are synthesized at their mature size in the cytosol
without a cleavable N-terminal transit peptide. Here, we investigated the chloroplastic outer membrane targeting signal
of AtOEP7, an Arabidopsis homolog of the small outer envelope membrane proteins, in vivo. AtOEP7 was expressed as
fusion protein with green fluorescent protein(GFP) either transiently in protoplasts or stablely in transgenic plants. In
either case, flourescence microscopy of transformed cells and western blot analysis of fractionated proteins confirmed
that the AtOEP7:GFP fusion protein was targeted to the chloroplast outer envelope membrane. Experiments using various
amino acid substitution and deletion mutants revealed that a short hydrophilic region located at the C-terminus of the
transmembrane domain is required for targeting of AtOEP7 to the chloroplast. Also, the transmembrane domain has
preference for amino acid residues with small side chains for insertion into the chloroplast outer envelope membrane. In
addition, a fusion protein, AtOEP7:NLS:GFP, was efficiently targeted to the chloroplast outer envelope membrane
despite the presence of the nuclear localization signal, suggesting that the protein may be associated with a cytosolic
factor during its translocation to the chloroplast outer envelope membrane.

Characterization of Gain-of-Function bri1 Suppressors

212
1

Jia Li , Kevin A. Lease1,Jiangqi Wen1, Jason T.Doke1, Frans E. Tax2, John C. Walker1
1
University of Missouri-Columbia,2University of Arizona
Cell surface receptor-like protein kinases (RLKs) play fundamental roles in regulating plant growth and development.
Our goal is to understand how extracellular signals are perceived and transduced through RLKs. Brassinoteroid-insensitive
1 (BRI1) encodes an RLK which is required for the perception of brassinosteroids. We carried out a gain-of-function
genetic screen with a weak bri1 allele, bri1-5. We screened over 40,000 bri1-5 activation tagging lines and identified
twelve suppressors. Several of these suppressors have been cloned and one suppressor, brs1-1D, for bri1 suppressordominant 1, has been characterized in detail. BRS1 encodes a putative secreted serine carboxypeptidase. The suppression
requires a functional BRI1 kinase domain, brassinosteroids and BRS1 enzyme activity. Neither overexpression of BRS1
in wild-type nor brs1 loss-of-function lines show any obvious phenotype. There are at least 5 closely related BRS1 genes
in Arabidopsis which share 50-70% protein sequence identity with BRS1. At least one of these homologs can also
suppress bri1-5 upon overexpression. We hypothesize that BRS1 and homolog(s) regulate an early event in BRI1 signaling,
either processing an unidentified steroid-binding protein or BRI1 itself. Two other bri1-5 suppressors, which resemble
the suppression phenotype seen in brs1-1D, have also been characterized. In both lines, the BRI1 locus was activation
tagged. Together, these results suggest that the bri1-5 mutation causes BRI1 signaling to be rate-limiting, which can be
overcome by either increasing the amount of BRS1 or the BRI1 receptor itself.
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Membrane association of calcium-dependent protein kinases (CDPKs) in
Arabidopsis

Sheen X. Lu, Cynthia M. Sullivan, Estelle M. Hrabak
University of New Hampshire
The calcium-dependent protein kinase (CDPK) gene family in Arabidopsis contains 34 members. Twenty-nine of
the predicted CDPK proteins have myristoylation consensus sequences at their amino termini. Modification of proteins
by myristate, a 14-carbon fatty acid, is known to increase membrane binding. Myristate is linked to proteins via an
amino-terminal glycine residue if that glycine is in the context of a short consensus motif. We are investigating CDPK
isoforms CPK2, CPK5, and CPK6 and have shown that these three proteins are at least partially membrane associated in
planta. We are studying both the subcellular membrane location of each of these isoforms, as well as the role that
myristoylation plays in membrane association. Subcellular localization studies were conducted using sucrose density
gradient fractionation of plant microsomes. Markers for different membrane types were detected by a combination of
western blotting and enzyme assays. CPK2 appears to be associated with the endoplasmic reticulum, while CPK5 and
CPK6 are not. The exact subcellular locations of CPK5 and CPK6 are currently under investigation. The CPK2 isoform
is tightly bound to the membrane fraction and was only removed by treatment with detergents. A coupled transcription/
translation system was used to study the myristoylation of CDPK isoforms in vitro. Mutation of the glycine at the site of
myristate attachment is known to prevent myristoylation. We have used site-directed mutagenesis to create CDPKs that
can not be myristoylated in vitro and then investigated the membrane association of these proteins in planta. Our results
indicate that different CDPK isoforms are targeted to different subcellular membrane locations and that myristoylation
is important in membrane association.
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The TARDY ASYNCHRONOUS MEIOSIS(TAM) gene is required for the normal pace
and synchrony of cell division during Arabidopsis male meiosis

Jean-Louis Magnard1, Ming Yang2, Yun-Chia Sophia Chen3, Michele Leary2 and Sheila McCormick2
1
RDP, Ecole Normale Superieure de Lyon, Lyon, France 69364, 2PGEC, USDA/ARS-UC-Berkeley, 800
Buchanan St., Albany, CA 94710, 3Monsanto, 700 Chesterfield Village Parkway, St. Louis, MO 63198
Male meiosis in higher organisms features synchronous cell divisions in a large number of cells. It is not clear how
this synchrony is achieved, nor is it known whether the synchrony is linked to the regulation of cell cycle progression. In
the process of screening EMS-mutagenized populations for mutations affecting Arabidopsis pollen development, we
isolated a mutant, named tardy asynchronous meiosis (tam), that exhibited a phenotype of delayed and asynchronous
cell divisions during male meiosis. In Arabidopsis, two nuclear divisions occur before simultaneous cytokinesis yields
a tetrad of haploid cells. In tam, cell divisions are delayed, resulting in the formation of abnormal intermediates, most
frequently dyad meiotic products, or in rare cases, dyad pollen (two gametophytes within one exine wall). Analysis of
tam and the tam/qrt double mutant showed that these abnormal intermediates could continue through the normal rounds
of cell divisions and form some functional pollen, though at a slower than normal pace. The asynchrony of cell division
started at the G2/M transition, with nuclei entering mitotic phase at different time points, during both meiosis I and
meiosis II. Chromosome mis-segregation sometimes occurred, leading to the formation of extra, smaller spores and/or
multiple nuclei in one cell. Temperature-shift experiments showed that the phenotype was more severe at 27 °C than at
22 °C. These observations suggest that the TAM protein positively regulates cell cycle progression, perhaps by promoting
the G2/M transition, and that the normal pace of cell cycle progression might be coupled with the synchrony of cell
division during male meiosis. We speculate that the cyclin B/Cdk1 pathway, known to regulate the G2/M transition,
might respond to a signal that synchronizes cell division.
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Chimeric repressor interference: A novel method for the analysis of plant
transcription factors

Heike Markel, Melanie Cole, Petra Comelli, Carolin Nolte & Wolfgang Werr
Institute of Developmental Biology, University of Cologne
Transcriptional control presently seems to be the most important level of gene regulation in eukaryotes. Different
types of signals, e.g. intra- or intercellular communication, physiological feedback, and environmental inputs are integrated
to cell-specific transcription levels for each gene. To gain access to underlying plant regulatory networks, we have
developed a new tool, allowing analysis of transcription factors in planta. In the Chimeric Repressor Interference System
(CHRIS) plant transcription factors are converted to dominant-negative repressors. After expression in transgenic plants
the chimeric proteins may displace the native gene product from target sites or titrate auxiliary proteins, resulting in
trans-dominant phenocopies of loss-of-function alleles. Thus CHRIS provides a rapid method to elaborate the biological
function of transcription factors identified in genomic sequence data. Acting on the protein level CHRIS should be
informative in redundant situations and suitable to transfer knowledge from model to crop species.
CHRIS was used exemplarily on the gene SHOOT MERISTEMLESS (STM), encoding a homeodomain-type
transcription factor, which is expressed in the shoot apical meristem. Expression of the chimeric STM protein in transgenic
plants resulted in a phenocopy of the stm loss-of-function phenotype. Additionally an inducible dominant-negative GRfusion was created, which allows to block meristem activity after induction with dexamethasone, demonstrating that
CHRIS is working on the protein level. A careful deletional analysis of the STM gene product by use of CHRIS allowed
the association of individual protein domains to different phenotypes, which are best explained by protein-protein
interactions. Potential interacting protein partners have been identified in the yeast-two hybrid system and belong to
various families of transcription factors. CHRIS was also used on the KNOTTED1-like homeodomain transcription
factor KNAT1. Although a loss-of-function phenotype of KNAT1 is not known so far, the CHRIS technology indicates a
major function in the inflorescence.
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The fat rootgene is responsible for the cortical microtubule alignment during the
directional cell elongation in Arabidopsis.

Keisuke Matsui1, Takuji Wada2, Sumie Ishiguro1 and Kiyotaka Okada1,2
1
Department of Botany, Graduate School of Science, Kyoto University, Kyoto, 606-8502, Japan 2RIKEN PSC,
Japan
Extensions of axial plant organs such as stems and roots are caused by elongation of individual cells in the organs.
The determination of the axis of cell expansion is an essential process in the morphogenesis of plant organs. The cortical
microtubule array is known to influence the direction of cell expansion by providing spatial templates for cellulose
microfibril deposition. Thus, the interphase array of microtubules plays an important role in the morphogenesis of plant
cell. But little is known about the factors, which regulate the formation of interphase cortical array.
We reported a mutation, fat root (ftr), which affects an axis determination of the cell expansion in all cell types.
Mutant seedlings displayed abnormal increase of root diameter caused by irregular lateral cell expansion. In the ftr
mutant, cortical microtubules exhibit more random alignment rather than that of wild type. It suggests that the FTR
protein participates in construction of the cortical microtubule array.
We have cloned the FTR gene using a map-based cloning strategy. The FTR gene encodes a katanin-like protein,
which is known as a microtubule-severing protein. To identify the function of FTR protein, we raised antibodies against
the recombinant FTR proteins. The anti-FTR antibody recognized single band on SDS-PAGE gel at approximately
60kDa. We confirmed the expression of the FTR gene by Northern and Western blot analyses of various organs and
found a predominant expression of FTR in inflorescences and roots, with ubiquitous lower expressions in all other
organs. Since our inflorescence and root samples contain shoot and root apical meristems, such higher expression in
these organs strongly suggests that the FTR protein may function immediately after the cell division, which is a time
point of cortical microtubules reconstruction. These results suggest that the FTR protein can interact with the microtubules
during interphase and can control the stability of cortical microtubules. Progress in the cellular localization analysis of
FTR protein will be presented.
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Role of ATHB-2 in plant development

Mittempergher F., Sessa G., Carabelli M., Baima1 S., Wisman2 E., Morelli1 G. and Ruberti I.
Centro di Studio per gli Acidi Nucleici, CNR Italy; 1Unità di Nutrizione Sperimentale, INRAN Italy; 2Michigan
State University, USA.
The Arabidopsis ATHB-2gene encoding a HD-Zip protein is rapidly and strongly induced by changes in the red to
far-red light ratio which naturally occur during the day under the canopy and induce the shade avoidance response.
Analysis of transgenic seedlings bearing constructs that alter ATHB-2 expression revealed a series of developmental
phenotypes. Seedlings overproducing ATHB-2 had longer hypocotyls and petioles, and smaller cotyledons. Moreover,
these seedlings also had a thinner root mass than controls. Conversely, seedlings with reduced levels of ATHB-2 had
shorter hypocotyls, larger cotyledons, and a thicker root mass than wild type. Together with the tight regulation of
ATHB-2 by the phytochrome system, these data imply a major role for this HD-Zip protein in the regulation of the shade
avoidance response. However, the antisense phenotype strongly suggests that ATHB-2 plays a regulatory role also under
normal growth conditions. To gain more information on ATHB-2 function, a collection of 8,000 plants carrying, on
average, six independent insertions of the En-1 element was used for reverse genetic analyses to identify knock-out
alleles of ATHB-2. Two insertions in the ATHB-2coding sequence, named 6N13 (athb2-1) and 6AAB113 (athb2-2) were
identified. Northern blot analyses showed that ATHB-2mRNA is below the level of detection in the two mutants. To
further investigate ATHB-2 function, transgenic plants expressing a derivative of ATHB-2 containing a single aa
substitution in the HD (ATHB-2N51A) which is known to abolish DNA binding of homodimeric as well as heterodimeric
complexes were also generated. This mutation is expected to produce a dominant-negative phenotype. Indeed, at the
seedling stage, the phenotype of the ATHB-2N51A lines is the same as that of the antisense lines, but more severe. At
later stages of development, the dominant-negative plants produce more leaves and a higher number of lateral
inflorescences than the controls. Conversely, plants overproducing ATHB-2 had fewer leaves and a reduced number of
lateral inflorescences. The phenotypic characterization of athb-2and ATHB-2N51A plants is in progress.
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Functional analysis of the 37-kDa inner envelope membrane polypeptide in
chloroplast biogenesis, using a Ds-tagged Arabidopsis pale green mutant.

Reiko Motohashi1,Takuya Ito2, Masatomo Kobayashi2, Noriko Nagata3, Tadao Asami3, Shigeo Yoshida3, Kazuo
Shinozaki1, 2
1
Plant Functional Genomics Group, RIKEN Genomic Sciences Center, 2Laboratory of Plant Molecular
Biology, RIKEN Tsukuba Institute, 3Laboratory of Plant Function, RIKEN (The Institute of Physical and
Chemical Research)
To study functions of nuclear genes involved in chloroplast development, we systematically analyze albino and pale
green Arabidopsis thaliana mutants using a two-component transposon system based on the Ac/Ds element of maize as
a mutagen. One of the pale green mutants, designated apg1 (for albino and pale green mutant 1), could not survive
beyond the seedling stage when germinated on soil. The chloroplasts of the apg1 plants had decreased lamella with
reduced levels of chlorophyll. A gene encoding a 37-kDa chloroplast inner envelope membrane polypeptide precursor
was disrupted by an insertion of transposon in apg1; the 37-kDa protein had partial sequence similarity to Sadenosylmethionine dependent methyltransferase. The apg1 plants lacked plastquinone suggesting that APG1 protein is
involved in the methylation step of plastoquinone biosynthesis that localized at the envelope membrane. Present study
demonstrates the importance of 37-kDa chloroplast inner envelope membrane protein for the chloroplast development
in Arabidopsis.
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Membrane dynamics during cell morphogenesis in Arabidopsis

Erik Nielsen, Jannie Santos Serna
Danforth Plant Science Center, 7425 Forsyth Blvd., St. Louis, MO 63105, and Washington University, St.
Louis, MO 63130
Differentiation of cells into specialized tissues is a hallmark of multicellular organisms, and results in generation of
a recognizable external appearance in both plants and animals. While much study has focused on how signals are
generated that direct body plan formation in these organisms, little is known about mechanisms controlling reorganization
of cellular architecture within single cells. Ultimately, dynamic changes within single cells are required for altered cell
morphologies observed in the tissues of multicellular organisms. In plants, cell walls and a large central vacuole,
fundamentally influence development. Cell walls hinder cell expansion, and impede changes in cell shape. Because of
this, increase of vacuole size is required for cellular expansion, and often accompanies changes in cell morphology.
Therefore, understanding how vacuolar biogenesis and positioning are regulated, and how cell wall proteins and
hemicelluloses are delivered to specifically to plasma membrane regions of cell wall expansion are key events in
understanding how cell morphology is altered during differentiation. Several lines of evidence now implicate links
between Rab GTPases (a protein family that regulates membrane trafficking events) and attachment of organelles to, or
movement along, the cytoskeleton in animal cells. Because membrane trafficking events are essential for both vacuole
biogenesis and delivery of cell wall components to the plasma membrane it is likely that Rab GTPases play a role in
these processes. Additionally, organelle positioning within cells and orientation of trafficking pathways rely on cytoskeletal
interactions, further implicating potential roles for Rab GTPases within plant cells undergoing changes in morphology.
To test this, we have cloned several plant Rab GTPases predicted to regulate post-Golgi trafficking pathways and are
investigating their possible roles in cell differentiation in Arabidopsis using a combination of time-lapse video microscopy,
biochemistry, and cell biology.
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TAO1 is required for susceptible host responses to the Pseudomonas syringae type
III effector AvrB

Zachary Nimchuk 1, David Mackey1, and Jeffery L. Dangl1,2
1
Department of Biology, and 2Curriculum in Genetics, University of North Carolina at Chapel Hill, 108 Coker
Hall, Chapel Hill, NC, USA 27599-3280
Most plant pathogenic bacteria use type III secretion systems to deploy effector proteins into the host cell. Genetic
analysis has identified Avr proteins as effectors of the type III secretion system in phytopathogenic bacteria. On resistant
plants, Avr proteins are elicitors of defense responses via the activation of appropriate Resistance proteins. In contrast,
many Avr proteins are known to contribute to virulence on susceptible host plants. The mechanisms by which Avr
proteins exert their effects in either case are not clear. We would like to identify components and pathways which are
targeted by Avr proteins during infection on susceptible hosts. We have taken a genetic approach to identify targets of the
Pseudomonas syringae type III effector AvrB on susceptible Arabidopsis ecotypes. AvrB induces a chlorotic response
when expressed in susceptible ecotypes. Using a conditional expression system, we have identified Arabidopsis mutants
which fail to exhibit AvrB-induced chlorosis. The Target of AvrB Operation1 (TAO1) mutant may help illuminate how
bacteria cause disease in susceptible hosts. In addition, tao1 mutants may also help elucidate how Resistance proteins
recognize Avr proteins. Data will be presented on the characterization of tao1 interactions with pathogens and possible
connections to components of the Rpm1-AvrB recognition complex.
Rpm1 work in the Dangl Lab is supported by DOE grant DE-FG05-95ER20187 to JLD. D.M. is a DOE Fellow of the Life Sciences Research
Foundation
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Analysis of component of the plastid protein import apparatus in Arabidopsis

Yasuo NIWA1, Yuji MORIYASU1, Hideyuki KAJIWARA2, Tomohiko KATO3, Satoshi TABATA3, Yumiko SHIRANO4,5,
Hiroaki HAYASHI6, Daisuke SHIBATA4,3, Motoaki SEKI7, Masatomo KOBAYASHI7, Kazuo SHINOZAKI7
1
Univ. Shizuoka, 2Natl. Inst. Agrobiol. Resour., 3Kazusa DNA Res. Inst., 4Mitsui Plant Biotech. Res. Inst.,
5
Cornell Univ., 6Univ. Tokyo, 7RIKEN
Nuclear-encoded chloroplast precursor proteins are imported into chloroplast by preprotein translocases, which are
located both in the outer and inner envelope membranes of the organelle. The translocon at the outer membrane of
chloroplasts (Toc complex) and the translocon at the inner membrane of chloroplasts (Tic complex) act co-operatively
during the import process. Although putative components of the import apparatus have been identified biochemically,
their role in import remains to be proven in vivo. Arabidopsis mutants lacking a component of the import machinery has
been isolated. In vivo role of the translocon component in plastid protein import will be discussed.
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Multidrug Resistance-Like Genes Required for Auxin Transport and Auxin-Mediated
Development

Bosl Noh1, Angus S. Murphy2, Edgar P. Spalding1
1
Department of Botany, University of Wisconsin; 2Department of Horticulture and Landscape Architecture,
Purdue University
The multidrug resistance (MDR) genes in animals encode transporters that enhance the efflux of hydrophobic drugs
from the cytoplasm of tumor cells. Arabidopsis possesses six MDR-like genes, one of which, AtMDR1, was shown to be
induced by the hormone auxin. Mutants in AtMDR1 and AtPGP1, the next most closely related gene in Arabidopsis,
were obtained by screening T-DNA mutagenized populations of plants. Epinasty of the cotyledons and first leaves,
resembling auxin-treated wild-type seedlings, was the most obvious phenotype of atmdr1 knock-out seedlings. The
inflorescence of adult atmdr1 plants grew more slowly but otherwise the mutant was similar to wild type. Transformation
of atmdr1 plants with the wild-type gene complemented all aspects of the phenotype. No obvious phenotypes were
observed in juvenile or adult atpgp1 plants. However, double mutants lacking both MDR-like genes displayed greater
epinasty and curled leaves. Apparently AtMDR1 can compensate for the loss of AtPGP1, but the reverse is not true.
Adult double mutants grew more slowly and were much more highly branched than wild type, indicating that these two
genes control apical dominance. Measurements using radioactive IAA revealed that basipetal auxin transport in hypocotyls
and inflorescence stems was impaired by the atmdr1 mutation, and almost abolished in the double mutant. Yeast expressing
AtMDR1 were used in studies of AtMDR1 function. No evidence of IAA transport in these yeast has yet been obtained
but NPA, the chemical inhibitor of polar auxin transport, bound tightly and specifically only to AtMDR1-expressing
yeast. Remarkably, an independent line of biochemical research identified AtMDR1 and AtPGP1 as plasma membrane
proteins that could be purified from Arabidopsis preparations by NPA-affinity chromatography. The results indicate that
these two MDR-like genes of Arabidopsis encode NPA-binding proteins that are required for normal auxin distribution
and auxin-mediated genesis of plant form.
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Tomato as a model system to understand the compatible response in Arabidopsis.

Philip J. O’Donnell, Jeffery B. Jones and Harry J. Klee.
University of Florida
A plant’s capacity to synthesize or react to ethylene, jasmonic acid (JA) or salicylic acid (SA) is known to affect any
subsequent response of the plant to attempted pathogen invasion. To date, the relative importance of each of these stress
signals has focused on their role in the incompatible response, while their action in the compatible response of plants,
has been less well studied. We have undertaken a series of experiments in tomato, in which we have addressed some of
the fundamental questions related to a plant’s response to virulent, disease causing, pathogens. In these experiments
tomato lines with altered ethylene, JA or SA metabolism were infected with Xanthomonas campestris pv. vesicatoria
(Xcv). In all the lines tested the loss of ethylene JA or SA signaling was found to neither inhibit nor promote bacterial
growth, yet the level of disease in all these lines was visibly reduced, compared to that in their wild-type controls. We
have termed this pseudo-resistant response “tolerance” as the marked reduction in tissue necrosis was not associated
with an inhibition in pathogen growth. SA analysis in each of the tested lines show that its accumulation is a late event
in the compatible response, coincident with the massive necrosis observed in the wild-type susceptible lines, but absent
in the tolerant lines compromised in ethylene and/or JA signaling. SA accumulation in tomato in response to a virulent
strain of XCV is therefore dependent upon a prior action of the plant to both ethylene and/or JA. To further understand
this possible relationship between ethylene action and SA accumulation, we have decided to take advantage of the
numerous Arabidopsis ethylene signaling mutants. We are currently assessing the level of disease and SA accumulation
in etr1,etr2 ers1, ers2, ein4 and ein2 in response to Xanthomonas campestris pv. campestris (Xcc) and Pseudomonas
syringae pv. tomato (Pst). The data we will present will focus on three main areas: SA accumulation following infection;
how this relates to the differences in disease symptom production in the various ethylene signaling mutants and finally,
how together these results suggest that Arabidopsis and tomato appear to regulate the compatible response in a cultivar
specific manner.
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Functional analysis of Arabidopsis Response Regulators, ATRR1/ARR4/IBC7 and
ATRR3/ARR8 in transgenic plants.

Yuriko Osakabe1, Takeshi Urao1, Kazuo Shinozaki2, Kazuko Yamaguchi-Shinozaki1
1
JIRCAS, 2Tsukuba Research Institute, RIKEN, Japan
Arabidopsis ATRR1/ARR4/IBC7 and ATRR3/ARR8 are homologous genes of prokaryotic response regulators that
are involved in the His-Asp phosphorelay signal transduction. It has been shown that the expression of the ATRR1/
ARR4/IBC7 gene is induced by cytokinin, while the response to the cytokinin of the ATRR3/ARR8 gene expression is
slightly lower than that of ATRR1/ARR4/IBC7 gene. In the present study, we analyzed the function of these two genes as
response regulators using transgenic plants. Overexpression of ATRR1 in cultured stems of the transgenic plants allowed
to form shoots abundantly in the presence of cytokinin, while over-expression of ATRR3 repressed shoot formation and
greening of calli. The expression level of cytokinin-inducible genes, cycD3 and cab increased in the ATRR1 overexpresser
but decreased in the ATRR3 overexpresser. In contrast, the expression levels of two drought stress-inducible genes,
rd29A and erd1 in both transgenic plants were in the similar level as those in control plants. These results suggest the
possibility that ATRR1 and ATRR3 are involved in cytokinin signal transduction, and that the ATRR1 functions as a
positive-regulator, whereas the ATRR3 functions as a negative-regulator, or that the ectopic expression of ATRR3 which
may not be involved in the cytokinin signaling causes a negative effect.
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Enhancer trap lines with GUS expression in developing Arabidopsis fruits

Lars Østergaard1, Adrienne H. K. Roeder1, Sarah Liljegren2, Yuval Eshed3, John Bowman3, Jose M. Alonso2, Joseph
R. Ecker2, and Martin F. Yanofsky1
The Arabidopsis fruit is representative of fruits from >3000 plant species belonging to the Brassicaceae family. It
mediates seed maturation and eventually springs open dispersing the seeds in a process called pod shatter, or fruit
dehiscence. The fruit is a highly specialized organ and serves a unique system for studying cell differentiation with
establishment of distinct cell types closely positioned in rows along the fruit. Although the early regulators of dehiscence
zone formation have recently been identified, little is konwn about the subsequent cascade of gene activity that leads to
pod shatter. As a start toward identifying downstream genes involved in this process, we have used an enhancer trap
screen approach and have identified several lines with GUS-expression patterning different cell types of the fruit (see
also poster by Roeder et al.). In one of these (YJ80), GUS-staining appears at the valve margin and in the abscission zone
at the seed attachment site on the funiculus. Genetic analysis positions YJ80 GUS-expression downstream of the MADS
box genes, SHATTERPROOF1 and 2 (SHP1/2) and of INDEHISCENT1 (IND1) - encoding a bHLH protein. The T-DNA
is inserted ~2kb upstream of a gene encoding a protein of unknown function, but with weak similarity to mammalian
Ankyrins. This gene belongs to a family of 29 highly similar genes in Arabidopsis – all encoding putatively membranebound proteins. Another line (YJ8) has GUS-expression in 3 to 4 cells of the valve margin inner epidermis and at the
sepal and petal abscission zones. YJ8 GUS-expression appears to be positively regulated by SHP1/2. The T-DNA is
inserted ~3 kb upstream of a gene encoding a Xyloglucan endotransglycosylase related (XTR) protein. Cell wall modifying
enzymes are known to participate in the fruit maturation process and the XTR gene thus seems a likely candidate for
being one of probably several targets downstream in the cascade. Data on loss-of-function mutants and gain-of-function
transgenes will be presented.
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The ozone sensitive rcd1 mutant: a system for studying the regulation of radical
induced programmed cell death

Kirk Overmyer, Saara Lång, Tero Kuitinen, Mart Saarma, Jaakko Kangasjärvi
Institute of Biotechnology, University of Helsinki, Finland.
The gaseous pollutant ozone (O3) has become established as a simple and effective way of applying reactive oxygen
species (ROS) in order to study the genetics of ROS signaling. We have previously described the isolation of the rcd1
(radical induced cell-death) mutant. rcd1 is a codominant single locus trait on ch 1 (at ca. 51.4cM) and confers
hypersensitivity to O3, superoxide, avirulent pathogen challenge, but not hydrogen peroxide. In addition to its increased
initial level of cell death rcd1 also has a transient spreading cell death phenotype that continues until ca. 1 d. post
challenge. We have shown that this superoxide-driven spreading cell death is ethylene dependent and can be counteracted
by jasmonate. The map based cloning of rcd1 is underway. O3 exposed plants typically display markers associated with
the hypersensitive response (HR). It is commonly held that O3 induces an HR-like cell death program. This strongly
implies that O3-induced cell death is programmatic in nature; although this fact has never been shown directly. To
address this we have explored cell death in rcd1 facing various ROS challenges. We show that O3 exposed rcd1 exhibits
hallmark characteristics of programmed cell death including nuclear shrinkage and fragmentation, cell shrinkage,
chromatin condensation, and nuclear DNA fragmentation. Furthermore, cell death induced by ROS challenge can be
reduced or delayed with inhibitors of active metabolism and also serine-protease- and caspase-inhibitors. The highly
controlled O3-induced biosynthesis of signal molecules such as salicylate, jasmonate, and ethylene provides further
evidence of the similarities between biotic and O3 pathologies. The interaction and balance between these signals is
involved in cell death regulation. The further use of hormones, pharmacological-elicitors and -inhibitors to dissect some
of the early radical induced signal transduction events leading to stress ethylene evolution and cell death will be discussed.
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A Novel Screen for the Isolation and Characterisation of New Circadian Clock
Mutants in Arabidopsis thaliana.

Antony Patchett, Manuel Field, Isabelle Carre
University of Warwick, Coventry, United Kingdom
The hypocotyl of wild-type Arabidopsis seedlings is significantly elongated when plants are grown under short
photoperiods (8L:16D, the pattern of 8 hours of light and 16 hours of darkness), as compared to plants grown under
constant light. This elongation under short days was accentuated in the circadian-clock mutants early flowering 3 (elf3),
and late elongated hypocotyl (lhy), and in transgenic plants that overexpressed circadian clock associated 1 (cca1-ox).
All three mutants showed a wild-type hypocotyl under constant light, but a significantly longer than wild-type hypocotyl
under 8L:16D.
This elongated phenotype was used as the basis for a primary screen, towards the isolation of novel circadian clock
mutations. We screened T-DNA mutagenised seed populations obtained from the Nottingham Arabidopsis Stock Centre,
including lines from the INRA Versailles and Feldman labs, and tagged-activation lines from the Weigel lab. Mutants
with confirmed hypocotyl phenotypes were taken through a secondary screen, involving the characterisation of their
circadian rhythms of leaf movements.
From a total of approximately 14,000 lines (screened in pools of 20 or 100), 4 long period and 5 short period mutants
were identified. One mutant, slowcoach (slo), has been chosen for further characterisation. The period of leaf movement
rhythms is lengthened in slo (26.7 hours, as compared to 23.7 hours for wild-type plants). It also displays altered
photoperiod responsiveness, slo plants flower earlier than wild type under both short- and long-day photoperiods.
Current work on slo includes examination of the expression of various rhythmic genes using luciferase reporter
fusions, mapping of the mutation and cloning of sequences flanking the T-DNA.
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Investigation of Plant Cell Wall Biosynthesis in Arabidopsis Using Xyloglucan
Fucosyltransferase

Robyn M. Perrin 1, Zhonghua Jia2, William York2, Natasha V. Raikhel1, Kenneth Keegstra1
1
MSU-DOE Plant Research Laboratory, Michigan State University; 2Complex Carbohydrate Research Center,
University of Georgia
Plant cell wall biosynthesis is a process critical for plant growth, development, and defense against pathogens. In
order to better understand how this process is regulated, the cell wall biosynthetic gene AtFT1 encoding xyloglucan
fucosyltransferase (XyG FucT) has been studied throughout tissues of wild type Arabidopsis. XyG is the major
hemicellulose of dicotyledonous plants, and is composed of a glucan backbone with side chains of xylose alone, xylose
and galactose, or xylose, galactose, and fucose. This polymer is thought to interact with cellulose microfibrils and thus
affect structural integrity of the cell wall. Promoter-reporter studies have been conducted so that AtFT1 gene regulation
in various regions of the plant may be visualized. Additionally, a panel of Arabidopsis tissues has been analyzed to
determine 1) levels of AtFT1 gene expression using quantitative RT-PCR, 2) levels of XyG FucT activity in Golgi
vesicles prepared from these tissues, and 3) the extent of fucosylation of XyG as determined by NMR and MS analysis.
The goal of these studies is to determine whether XyG structure varies in different tissues of Arabidopsis, whether
regulation of XyG FucT may occur, and whether such regulation correlates with growth (and thus cell wall deposition)
and/or structural variation. Preliminary data indicate that differences in amount of XyG FucT activity levels do occur in
various tissues and correlate with regions of active growth. Expression analysis is ongoing to determine whether regulation
occurs at the transcriptional level. XyG fucosylation appears to be consistent throughout Arabidopsis tissues with the
exception of rosette leaves, which appear to contain approximately half the XyG fucose residues found elsewhere in the
plant.
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The Arabidopsis thaliana RHA1 gene encodes a new heath shock factor, a possible
transducer of signals coming from auxin and gravity in plant roots

Silvia Piconese, Monica Fagiano, Caterina Rosi, and Fernando Migliaccio
Institute of Plant Biochemistry and Ecophysiology; Consiglio Nazionale delle Ricerche. Monterotondo (Rome)
Italy.
The mutant rha1 shows in the roots reduced gravitropic response, and reduced slanting toward the right-hand,
together with increased resistance to the auxinic hormones, their inhibitors, and to ethylene. Taking advantage of a TDNA tag inserted in RHA1, we isolated a fragment of the gene from the T-DNA left border, and used it to identify its
DNA sequences from the TAIR DataBank, and to get through RT-PCR its cDNA. The gene appears to be a new heat
shock factor (HSF), made up of two ORF and a 164 bp intron in between. The gene maps on chromosome 5, close and
above the RFLP marker mi61. RT-PCR confirmed, as expected, that the gene is expressed in the wild-type, but not in the
mutant. Complementation of RHA1 is presently carried out through A. tumefaciens transformation. RHA1 shows notable
homology in the DNA binding motiv, at the level however of the aminoacidic sequences, with other HSFs from plants
(Arabidopsis, tomato and maize), Cenorhabdites, Drosophila, mouse, yeast, and humans. By contrast, the rest of the
DNA sequences show no apparent homology with other HSFs. In addition, RHA1 is lacking of the terminal hydrophobic
repeat HR-C, generally present in other HSFs, but not in HSF4 from humans, and in a HSF from budding yeasts. We
hypothesize that RHA1, apart from its function in the activation of HSP, could be involved in the transduction of signals
coming from gravity and auxin. It could thus be one of the sought elements of the gravitropic signal transduction
pathway of plant roots. Possibly, as shown for the HSF2 from humans (Hong Y. and Sargent K.D., 1999 J. Biol. Chem.
274, 12967- 70), it could be involved in the regulation of the PP2A phosphatase, which has been demonstrated to
regulate the trasport of auxin in Arabidopsis (Garbers C. et al. 1996 EMBO J. 15, 2115-2124). We plan soon to start
investigating RHA1 functions, through in situ hybridization and reporter genes.
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The Multiple Response Expansion Genes and Root Cell Shape in Arabidopsis
thaliana

L Pysh1, N Alexander1, J Wysocka-Diller2, B Dozier1, T Acosta3, Phil Benfey3
1
Roanoke College, 2Auburn University, 3New York University
Plant form is determined by the shapes and sizes of the component cells, yet remarkably little is known about the
molecular mechanisms by which plant cell shape is determined. We have identified a novel class of mutants in which
cell shape is altered in the roots of the model plant Arabidopsis thaliana. The multiple response expansion mutants
(mres) have roots that are significantly shorter and thicker than wild-type, similar to the root cell shape mutants that are
affected in cell wall synthesis (radial swollen1, korrigan, and procuste). The mres are distinct, however, in that their
phenotypes are dependent not only upon growth conditions, but also upon ethylene perception and responses. The three
MRE loci identified to date have been mapped to novel locations on chromosomes 1 and 5. We are currently fine
mapping mre1 with the intent of cloning the MRE1 gene.
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The SPIKE gene is essential for epidermal cell development

Jin-Long Qiu, Dan Szymanski
Department of Agronomy, Purdue University
The cytoskeleton regulates cell polarity and shape during differentiation. By screening for mutations that have
specific effects on trichome morphogenesis we have identified several genes that may be directly involved in the
organization of the actin or microtubule cytoskeletons. To identify essential genes in the cytoskeletal organization pathway
we have screened for seedling lethal mutants that also have specific trichome shape defects that are able to be phenocopied
by microtubule or F-actin-disrupting agents. The spike mutation affects trichome branch growth, epidermal pavement
cell morphogenesis, and tissue organization. We have isolated three spike alleles and have phenocopied the spike phenotype
by introducing double-stranded RNA corresponding to small regions of the SPIKE gene into wild-type plants. The
SPIKE gene has been cloned, and encodes an 1830 amino acid protein that shares extensive amino acid identity with a
number of RAC-binding proteins from rat, humans, flies, and worms. In animal cells these proteins are hypothesized to
reorganize the actin cytoskeleton at integrin-containing complexes. The hypothesis that SPIKE integrates extracellular
signals and cytoskeletal re-organization is a major research question in our lab. We will present a detailed analysis of the
gene expression pattern, the spike phenotype, and the effects of the mutation on cellular organization in fixed and living
epidermal cells.
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A new cer loci, cer25, having high water loss and reduced cuticle membrane

Musrur Rahman, Rebecca S. Teusink, Steven M. Goodwin and Matthew A. Jenks
Department of Horticulture and Landscape Architecture, Purdue University, West Lafayette, IN 47907, USA
Cuticular waxes cover the outermost layer of all aerial plant organs, and likely provide a physical barrier to water
loss. Hence these waxes may play an important role in plant drought resistance. Arabidopsis cuticular waxes are a
complex mixture of long chain fatty acids, aldehydes, 1o and 2o alcohols, alkanes, ketones, and esters and their biosynthetic
pathway is likewise complex. Likely, many enzymes, regulatory and secretory proteins are involved in wax production.
Twenty-four eceriferum loci were identified and CER1 (ECERIFERUM), CER2, CER3 and CER6 have been cloned
and characterized (Jenks and Ashworth, 1999; Fiebig et al., 2000).
We visually screened a T-DNA-mutagenized population of Arabidopsis (generated by Bressan and Hasegawa) and
isolated nine cer mutants by their distinct glossy surface. Lines TMJ1 and TMJ64 are alleles of cer2 and cer4, respectively,
and both lines TMJ88 and TMJ89 are alleles of cer6. Allelism and wax compositional studies are currently underway for
TMJ90, TMJ92, TMJ93 and TMJ94. Transpiration rates (Jordan et al., 1984; Jenks et al., 1994) were determined for 19
of the existing cer mutants, revealing that of the new T-DNA insertion mutants, only cer25, representing a new loci,
showed rapid water loss rate. Further work revealed that cer25 has a wax composition similar to wildtype except the
amount of each constituent is greatly reduced. In addition, cer25 has a reduction in cuticle membrane thickness. Thus
CER25 may block an early step in wax and cutin synthesis, similar to bm2 in sorghum (Jenks et al., 1994). Stomatal
frequency and ultrastructure were similar in both wildtype and cer25. Southern blot of advanced generation of cer25
showed that T-DNA is stably inherited in cer25 and preliminary genetic analysis suggests that CER25 may be tagged
with a T-DNA insert. Studies are underway to clone CER25.
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Requirements for Salicylic Acid and NIM1/NPR1 in Resistance-gene Signaling

Greg Rairdan, Nicole M. Donofrio, and Terrence P. Delaney
Cornell University
Disease resistance in higher plants depends in part on highly specific resistance (R) genes that facilitate pathogen
detection and initiate signal transduction pathways that activate defenses against the triggering pathogen. In Arabidopsis
thaliana, this defense system has been shown to depend in part upon salicylic acid (SA) accumulation and activity of a
number of proteins, including the NIM1 (NON-INDUCIBLE IMMUNITY1)/NPR1 (NON-EXPRESSER OF PR) gene
product. To gain a better understanding of the role of SA and NIM1/NPR1 signaling in a variety of R-gene mediated
resistance pathways, we assessed R-gene function in SA-degrading (NahG) and nim1/npr1 mutant backgrounds. We
found that all R-genes tested required SA accumulation for full function, regardless of whether they encoded leucinezipper or Toll-Interleukin-1 receptor (TIR) -like proteins, or whether the R-gene was specific to pseudomonad or oomycete
pathogens. NIM1/NPR1 function appears to be required only for the TIR class R-gene RPP5, which is active against
some Peronospora parasitica isolates. Curiously, though NIM1/NPR1 transduces SA signals, most R-genes tested,
including RPP8, require SA accumulation but not NIM1/NPR1 function, demonstrating the existence of an SA-dependent
but NIM1/NPR1-independent signal transduction pathway capable of producing robust resistance. In addition, SAdependent, NIM1/NPR1-independent transcriptional response pathways have been identified in our laboratory using
cDNA-AFLP, and results from these experiments will be presented as well.
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The Arabidopsis genome at the Arabidopsis Information Resource (TAIR) available
from http://www.arabidopsis.org

Sue Rhee1, Bengt Anell1, Bill Beavis2, Guanghong Chen2, Aisling Doyle1, Margarita Garcia-Hernandez1, Eva
Huala1, Mark Lambrecht1, Neil Miller2, Lukas Mueller1, Bryan Murtha1, Leonore Reiser1, Chris Somerville1, Dan
Weems2, Yihe Wu2, Jungwon Yoon1
1. Carnegie Institution, Stanford, CA, USA 2. National Center for Genome Resources, Santa Fe, NM, USA
The release of the Arabidopsis genome sequence by the AGI provides a stepping stone to systematically analyze the
biology of this plant. We are developing a database infrastructure and tools to capture, associate, and make accessible the
data from a variety of sources. We built the first version of this system and are currently putting a large effort into adding
information to our database. Presently we are loading the information about the structure and function of gene models
and loci. Curation involves associating gene models to publication records, keywords, aliases, community members,
map positions, expression patterns, etc. A gene model is defined as any description of a gene with a source. The source
can be an external database (e.g. TIGR, GenBank), literature, in-house computational analysis, or a personal communication
by a researcher. Structural annotation of a gene model will include the location on a chromosome, intron-exon boundaries,
and other features such as UTRs. Functional annotation of the gene model will include annotations to Gene Ontology
terms, with an emphasis on associations made from the current literature. A locus is defined by a physical unit on the
sequenced genome corresponding to a transcribed region. Therefore one or more gene models could be associated to a
single locus with a chromosome-based name (e.g. AT2G33450). Once the association of gene models to a locus is made,
other sequenced elements such as EST(s), polymorphisms including insertions and deletions, mutant alleles, and array
elements will also be associated to the locus. Each annotation will be tagged with information about its source. The gene
model and locus data will be accessible from a text based search interface as well as from our MapViewer
(www.arabidopsis.org/servlets/mapper). We are currently developing a SequenceViewer that will allow researchers to
search and browse any sequenced element in a graphical format.
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VACUOLELESS1 is an essential gene required for vacuole formation and
morphogenesis of the Arabidopsis embryo

Enrique Rojo1, Stewart Gillmor2, Valentina Kovaleva1, Chris Somerville2, Natasha Raikhel1
1
MSU-DOE Plant Research Lab, Michigan State University, 2Carnegie Institution and Department of
Biological Sciences, Stanford University
Plant cells are characterized by the presence of a large central vacuole which in differentiated cells accounts for
more than 90% of total volume. The role of vacuoles in plant development has not been directly assessed previously, due
to the lack of mutants devoid of these compartments. We now show that inactivation of the Arabidopsis gene
VACUOLELESS1 leads to the complete loss of vacuoles. In contrast to yeast mutants that lack a vacuolar compartment
and are viable, loss of the plant vacuole leads to embryonic lethality. VCL1 encodes the Arabidopsis ortholog of yeast
Vps16p, is peripherally localized to the vacuolar membrane, and interacts directly with the Sec1p homolog AtVPS33.
Based on these results, we propose that VCL1 forms part of a protein complex that mediates homotypic and heterotypic
fusion at the plant vacuole.
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Rar1 links Sgt1, an essential component of SCF-Ubiquitin ligase complex.

Ari Sadanandom1, Cristina Azevedo1, Paul Schulze-Lefert2 and Ken Shirasu1
1
The Sainsbury Laboratory, John Innes Centre, Colney Lane, Norwich, NR4 7UH, United Kingdom, 2MaxPlanck-Institute fur Zuchtungforschung, Carl-von-Linnee-We 10, D-50829 Koln, Germany
The RAR1 gene represents a convergence point in the disease resistance signalling triggered by many resistance
genes in barley. Mutations in RAR1 abolish the oxidative burst and cell-death associated with an incompatible interaction
with powdery mildew. The predicted amino acid sequence of RAR1 revealed two tandem blocks of 60 amino acids
(CHORD I and II) each comprising an invariant arrangement of six cysteines and two histidines. Each CHORD domain
can independently bind a zinc ion. Analysis of deduced full length RAR1 sequences from diverse species revealed that
the critical amino acids in the two CHORD domains and the physical spacing between them were retained across phyla
thus strongly indicating a functional conservation. Yeast two-hybrid data has indicated that CHORD-II interacts with the
Arabidopsis SGT1. The highly conserved yeast SGT1 has previously been shown to have an essential role in kinetichore
function and the activation of SCF, (Skp/Cull/F-box) ubiquitin-proteasome complexes regulating cell cycle.
Immunoprecipitation data in barely has shown that RAR1 and SGT1 do interact in vivo. Similar experiments are being
carried out to verify that this interaction is also true in Arabidopsis. The functional role of RAR1/SGT1 complex will be
discussed. Arabidopsisin vivo
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Ectopic b-type cyclin expression is sufficient to switch from endoreduplication to
mitotic cycles in Arabidopsis trichomes

Arp Schnittger1, Ulrike Schöbinger1, York-Dieter Stierhof1, Hannah Steigele1, Martin Hülskamp2
1

ZMBP Entwicklungsgenetik, Universität Tübingen, 2Botanisches Institut, Universität Köln
Cell differentiation is frequently accompanied by a switch from a mitotic division cycle to an endoreduplication
cycle in which DNA replication continues but cell division does not take place. In plants more than 80 percent of all
angiosperm species undergo endoreduplication. The underlying mechanism, however, is poorly understood. One attractive
scenario is that endoreduplication results from a simple short cut of the mitotic cell cycle. To test this hypothesis we
misexpressed two mitotic cyclins in Arabidopsis trichomes, a model system for endoreduplicating cells in plants. Here
we demonstrate that transgenic expression of CYCLIN B1;2 can drive the endoreduplication cycle into a mitotic cell
cycle, transforming the single-celled into multicellular trichomes. This seems to be specific for CYCLIN B1;2 since the
expression of CYCLIN B1;1, another member of the b-type cyclins, caused no deviation from the endoreduplication
cycle. Mulitcellular trichomes also arise in the siamese mutant. Since we could not detect CYCLIN B1;2 mRNA in
siamese we propose that in addition to the repression of mitotic cyclins other factors are necessary to control the switch
from a mitotic to an endoreduplication cycle.
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A Role for LKP2 in the Circadian Clock of Arabidopsis

Thomas F. Schultz1, Tomohiro Kiyosue2, Marcelo Yanovsky1, Matsamitsu Wada3, Steve Kay1
1
The Scripps Research Institute, 2Kagawa University, 3Tokyo Metropolitan University
The ZEITLUPE gene was identified in a screen for circadian mutants in Arabidopsis and mutations in this gene were
shown to cause increases in period length, short hypocotyls in red light, and late flowering under long days. Characterization
of a deletion mutant exhibiting a late flowering phenotype resulted in the identification of a related gene named FKF1.
These 2 genes contain a unique combination of proteins motifs, a PAS domain at their N-terminus followed by an F-box
motif and 6 kelch repeats at their C-terminus. A third member of the ZTL gene family was identified in the Arabidopsis
genome and was named LKP2 for LOV, kelch protein-2. A cDNA was isolated corresponding to this gene and plants
over-expressing LKP2 were generated. The over-expression of LKP2 resulted in arrhythmic phenotypes for leaf movement
rhythms in continuous light, CAB2::LUC expression in continuous light, and CCR2::LUC expression in both continuous
light and continuous dark. Seedlings over-expressing LKP2 also exhibited long hypocotyls under multiple fluences of
both red and blue light, and a late flowering phenotype under long day conditions. Results from RT-PCR showed that the
LKP2 mRNA is not regulated by the circadian clock and was detected in all tissues examined. These results suggest that
LKP2 functions either within or at least very close to the circadian oscillator in Arabidopsis and a model will be presented
for its mode of action.
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Cytokinesis-defective mutants of Arabidopsis

R. Soellner1, G. Glaesser1, U. Mayer2, G. Juergens2 and F. Assaad1,3
1
University of Munich, 2University of Tuebingen, 3Carnegie Institution of Washington, DPB, Stanford
We have characterized a large collection of cytokinesis-defective mutants of Arabidopsis. At the seedling level, the
mutants are characterized by a rough surface layer with bloated cells, as has been described for keule1 and knolle2
mutants. Histological sections reveal cell wall stubs, gapped walls and multinucleate cells. These defects were observed
in dividing as opposed to vacuolate cells, which defines these lines as cytokinesis-defective and distinguishes them from
mutants with weakened walls which could break during cell expansion. Although all the lines have identical phenotypes
at a cellular level, they have differential effects on stomatal and post-embryonic development. For example, while genes
such as KEULE are required for cytokinesis in all somatic cells, including stomatal guard cells and their precursors,
other cytokinesis-defective mutants have normal stomata. Similarly, some lines could be regenerated in tissue culture,
whereas others including keule and knolle could not, suggesting that some genes are required during embryogenesis but
might be dispensable thereafter. Cytokinesis-defective lines have a number of additional phenotypes distinct from
cytokinesis. By comparing a large number of different lines, we conclude that secondary consequences of a primary
defect in cytokinesis include (1) organ fusions,(2)anomalies in organ number,(3)anomalies in cellular differentiation,
and (4)perturbations of the nuclear cycle.
1. Assaad, F., U. Mayer, G. Wanner, and G. Jürgens. 1996. The KEULE gene is involved in cytokinesis in Arabidopsis. Mol. General Genet.
253: 267-277. 2. Lukowitz, W., U. Mayer, and G. Jürgens. 1996. Cytokinesis in the Arabidopsis embryoinvolves the syntaxin-related
KNOLLE gene product. Cell 84: 61-71.
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Function of the LHY gene within the Arabidopsis circadian clock

Hae-Ryong Song, Isabelle Carre
University of Warwick, Coventry, UK
Many aspects of physiology and metabolism show rhythmic variations with 24h periods. These rhythms persist in
constant conditions, reflecting regulation by endogenous circadian oscillators. The molecular mechanism of the circadian
clock of higher plants is not yet known, but a number of clock-associated genes have been identified in Arabidopsis. The
LATE ELONGATED HYPOCOTYL (LHY) and CIRCADIAN CLOCK ASSOCIATED-1 (CCA1) genes encode rhythmically
expressed single MYB transcription factors, which exhibit several properties of circadian clock components. Constitutive
overexpression of LHY and CCA1 transcripts caused arrhythmic expression of clock-controlled genes (CAB and CCR2)
and arrhythmic leaf movements under both constant light and darkness. This suggested that LHY and CCA1 rhythmicity
was required for the function of the circadian oscillator. Both genes repressed their own transcription, forming a negative
feedback loop, and down-regulated each other’s expression. These results suggested that LHY and CCA1 may encode
redundant components of a negative feedback loop, which may constitute the oscillatory mechanism of the circadian
clock.
In support of this hypothesis, mutants lacking either CCA1 or LHY function exhibited similar, short-period phenotypes.
So, neither gene was required for the function of the circadian oscillator. To further test the redundancy of these genes,
double null mutants (lhy-11 cca1-1) have been constructed, and their rhythmic phenotypes were assayed. These plants
exhibited arrhythmic leaf movements in constant light. To assay rhythmicity at the molecular level, several clockregulated luciferase reporter genes were transformed into these plants and assayed in vivo using a photon-counting
camera. Rhythmic luminescence expression was detected, however these rhythms had an abnormal phase and dampened
within two to three cycles of transfer to constant light conditions. These results imply that LHY and CCA1 may not
encode components of the circadian oscillator, although it is possible that genetic redundancy extends beyond these two
genes. But they play an important role in sustaining free-running rhythmicity in constant conditions.

241

A cytology-based screen for Arabidopsis mutants with altered callose depostition in
response to a non-host fungal pathogen.

Monica Stein1, Shauna Somerville2
1
Dept. of Biological Sciences, Stanford University, 2 Dept. of Plant Biology, Carnegie Institution of Washington.
Plants are constantly exposed to a wide variety of pathogens. However, a given plant species is host to only a subset
of these pathogens. Resistance to pathogens outside this subset is termed non-host resistance. Non-host resistance is
thought to be multigenic, non-specific, and durable. In contrast, the resistance of certain genotypes of an otherwise
susceptible species to a pathogen is termed host resistance. This type of resistance often follows gene for gene interactions
and is typically short lived in the field. Isolating plant factors that affect non-host resistance may lead to a better
understanding of non-host resistance.
Arabidopsis is a host to the powdery mildew Erisyphe cichoracearum, and a non-host to Blumeria graminis f.sp.
hordei, a pathogen of barley. A cytological comparison of host and non-host resistance showed that non-host resistance
occurred early (1dpi) and correlated with the formation of papillae and strong callose accumulation in both epidermal
and mesophyll cells. While most spores were arrested at penetration, 6% of spores formed haustoria and produced
branched hyphae. Haustoria were encased in callose and easily visualized with analine blue staining. In contrast, host
resistance occurred late, with callose deposition only at the papillae.
The callose response difference between host and non-host resistance was used as a marker to screen for mutants
with an altered callose deposition in response to the non-host mildew. 12,000 EMS-mutagenized plants were screened at
1dpi under UV with analine blue staining, and 500 plants chosen for re-testing. Several aberrant phenotypes were
isolated with respect to wild-type: decreased callose deposition, increased widespread callose deposition, increased
local callose deposition around penetration events, and plants with a high frequency of fungal penetration events. The
last class has been re-tested and seven putative mutants that exhibit an increase in fungal penetration have been identified.
These penetration putative mutants will be studied further, and re-testing of plants in the other classes is underway.
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Positional Cloning and Genetic Analysis of GUN1, a Gene in the Plastid-Nuclear
Signal Transduction Pathway of Arabidopsis

M. Surpin1, Å. Strand1, N. Mochizuki2, J. Spiegelman3, M. Mindrinos3, P. Oefner3, and J. Chory1,4
(1) The Salk Institute for Biological Studies, (2) Kyoto University, (3) Stanford DNA Sequencing Center, and(4)
Howard Hughes Medical Institute
Chloroplast biogenesis requires the coordinate expression of nuclear and chloroplast genes. There is evidence that a
chloroplast signal controls the expression of a subset of nuclear genes that function in photosynthesis. The nature of the
signal, and the means by which it is relayed to the nucleus, are unknown. Arabidopsis nuclear genes, GUN genes
(genomes uncoupled), are required for the coordination of the expression of nuclear and chloroplast genomes. gun
mutants inappropriately express photosynthesis-related nuclear genes when chloroplast development is inhibited. The
mutants were isolated using a transgenic Arabidopsis line that contains a CAB3 promoter-reporter fusion construct, and
have been determined to fall into five complementation groups. Of these, the gun1 mutant exhibits the most uncoupled
phenotype and, in addition, has a de-etiolation defect, which results in slower chloroplast development and the slower
accumulation of chlorophyll and light-regulated mRNAs. In order to gain a molecular understanding of the chloroplastto-nucleus signal transduction pathway, we have undertaken the positional cloning of GUN1.The GUN1 gene has been
mapped to a 0.3 cM interval on chromosome 2 between nga 361 and COP1. Northern blot analyses have shown that
plants with the gun1 mutation have reduced expression of an alternative transcript of a poly(ADP-ribose) polymerase
(PARP) gene. Furthermore, treatment of wild-type Arabidopsis plants with the PARP inhibitor 3-aminobenzamide (3AB) results in a CAB overexpression phenotype. Together, these data suggest that GUN1 is a truncated version of PARP
(s-PARP). Complementation testing is underway to confirm this hypothesis.We have also created a number of double
mutants between gun1 and other mutants that affect chloroplast development in Arabidopsis. Genetic analysis of the
det1gun1 double mutant shows that det1 is epistatic to gun1. These data suggest a model where DET1 is necessary for
the activation of a factor that induces CAB expression, and that this inductive factor is modified by PARP during photooxidative stress.
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Expression and Localisation of Calcineurin B-like proteins in Plant Cells

J.Philip Taylor and Bjørn K.Drøbak
John Innes Centre, Norwich Research Park, Norwich, NR4 7UH, UK.
Until recently the protein phosphatase calcineurin, known to be involved in NaCl tolerance in yeast, remained
elusive in plant cells. The identification of a role for calcineurin in plant salt tolerance and the identification of calcineurin
B-like proteins (AtCBLs) in Arabidopsis has increased interest in this class of proteins. It is becoming clearer that they
have a role interacting with a family of protein kinases, however their sub-cellular localisation remains uncertain.
Eight known CBLs have been identified and four contain the known myristic acid binding motif (MGXXXSK).
Additionally, one contains a putative ER signal peptide. Microscopical and biochemical techniques are being used to
determine how these motifs affect sub-cellular localisation and function.
Overexpression of AtCBL1:GFP constructs in BY-2 cells indicate that this protein is localised at the plasma membrane
and further experiments expressing fusion proteins with mutated or truncated myristic acid binding sites and other
members of the AtCBL family are underway. These GFP fusions will also allow us to observe changes in localisation in
response to various stresses. Transient expression experiments have suggested that the myristic acid site when fused to
the N-terminus of the neutral carrier protein: phosphinothricin acetyl transferase (PAT) is not sufficient for membrane
targeting, indicating other targeting signals may be required.
Using the pMAL system, AtCBL1 has been successful expressed and purified from E.coli, allowing further biochemical
characterisation to be carried out and a screen for interacting proteins to been initiated.
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Mutational analysis of RPM1 function.

Pablo Tornero, Ryon Chao, William Luthin, David Hubert and Jeff Dangl
University of North Carolina. Chapel Hill, NC 27599-3280
Plants, like any organism, are in constant combat in the natural environment. To deal with this threat they have
evolved ways to recognize pathogens and provide a programmed response. In our group, we work with RPM1, a resistance
gene from Arabidopsis thaliana that recognizes -direct or indirectly- AvrRpm1 or AvrB proteins from Pseudomonas
syringae. Their interaction initiates a signaling cascade that culminates in resistance of the plant to the bacterium. To
study this interaction, we set up an inducible system that allows us to express avrRpm1 inside the plant cell. With this
system, we screened and found mutants that have loss of recognition to avrRpm1 (lra). There are 5 complementation
groups defined with this screening. The most frequent gene found was RPM1, with approximately a hundred alleles. The
clustering of this mutations, and the significance of the numbers found in the screening will be discussed.
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Fine scale mapping of quantitative trait loci in Arabidopsis thaliana

Paul Townson1, Rachil Koumproglou1, Lucy Nott2, Tim Wilkes1, Jim Beynon2 and Mike Kearsey1
The University of Birmingham ,Edgbaston, Birmingham, B15 2TT, UK, 2 Horticulture Research International,
Wellesbourne, Warwick, CV35 9EF, UK
Many important traits of plants show quantitative variation between individuals. These traits are considered to be
under the influence of many genes and also the environment. The environmental variation makes reliable association
between a genotype and a specific phenotype very difficult. Consequently it is very difficult to genetically map these
quantitative trait loci (QTL) with great accuracy. Typical mapping attempts use dense molecular marker maps and large
mapping populations. These studies have generally resulted in map positions with confidence intervals that span 20-30
cM. A much finer scale of mapping would allow a map based cloning approach to study the genes that affect quantitative
traits. Arabidopsis thaliana is a model flowering plant and closely related to important crops in the Brassicacea family.
Recombinant inbred lines from the cross between the ecotypes Columbia-5 and Niederzenz-1 have been used to map
QTL influencing growth and flowering time. The work presented includes the results of this QTL analysis and the
current achievements in developing overlapping substitution lines for fine scale mapping of QTL.

1
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Hormonal interactions in the regulation of cell death

Hannele Tuominen, Kirk Overmyer, Markku Keinänen, Jaakko Kangasjärvi
Institute of Biotechnology, University of Helsinki, POB 56 (Viikinkaari 5D), FIN-00014 Helsinki, Finland
Ozone (O3) has been established as a convenient tool in probing the role of the oxidative burst, reactive oxygen
species (ROS), and also the general mechanisms of the hypersensitive cell death. An ozone, superoxide, and virulent
pathogen-sensitive Arabidopsis mutant, radical-induced cell death, rcd1 (Plant Cell 12:1849), was utilized in elucidating
the interactions of ethylene (ET), jasmonate (JA) and salicylate (SA) signaling with ROS in the regulation of cell death.
ET enhanced cell death in both rcd1 and Col-0, and functional ET signaling, demonstrated with ein2 and rcd1/ein2, was
required for spreading of the cell death. In an opposite manner, JA reduced the spreading cell death in rcd1. Similar
results were obtained with other mutants. ET-insensitive ein2, SA-insensitive npr1 and SA-degrading NahG were tolerant,
and ET overproducing eto1 and JA- insensitive jar1 and coi1 were sensitive to O3. Double mutants were created to
further elucidate interactions of these hormones. rcd1/ein2, rcd1/nahG, rcd1/jar1, ein2/jar1, nahG/jar1 and ein2/nahG
revealed a specific role of each of the signaling pathways, and epistatic relationships in the O3-induced cell death. The
results suggest that interactions between ET, SA, and JA signaling regulate spreading of cell death, and that RCD1
function is involved in the interaction of these pathways. Furthermore, results indicated that JA signaling is involved in
regulating the degree of plant ethylene sensitivity affecting cell death, gene expression, and also plant growth and
development in general. A model for the contribution of ET, SA and JA in the regulation of cell death is presented.
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Isolation and characterisation of Mg transport genes from Arabidopsis thaliana

‘Ana F Tutone and Richard C Gardner
Universty of Auckland
Magnesium (Mg) is the most abundant divalent cation in biological systems and plays a critical role in many
biological processes. I have isolated a novel Arabidopsis Mg transporter (AtMGT10) by complementation of a mutant
yeast strain (CM66) in which the Mg transport system (ALR) has been deleted. AtGMGT10 was identified as an effective
suppressor of the alr mutant phenotype. Atomic absorption spectroscopy measurements shows that the expression of
AtMGT10 increases Mg uptake of the yeast mutant strain CM66. The presence of the AtGMGT10 protein in the plasma
membrane was confirmed by Western blots. AtMGT10 encodes a protein that contains structural features similar to
bacterial (CorA) and yeast (ALR1 and ALR2) Mg transporter genes. It is most similar to the yeast MRS2 gene, recently
identified as encoding a magnesium uptake system in yeast mitochondria. Comparison of the AtMGT10 sequence with
the DNA sequence database has identified several homologous ESTs derived from human, mouse and Arabidopsis
thaliana. Overexpression of AtMGT10 in yeast alters sensitivity to metal ions, suggesting it transports a range of cations.
The transport characteristics of AtMGT10 have been investigated by expression in Xenopus oocytes. Preliminary results
of two-electrode voltage-clamp studies have identified an inward current at 1 mM Mg. I am currently undertaking
further functional analysis of AtMGT10 in the oocyte expression system and in Arabidopsis thaliana.
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TITAN Gene Functions During Seed Development

I. Tzafrir1, J. McElver2, C.M. Liu3, J.Q. Wu1, D. Patton2, and D. Meinke1
Department of Botany, Oklahoma State University, Stillwater, OK, 74078; 2Syngenta, Research Triangle Park,
NC, 27709; 3Wageningen University Research, Wageningen, The Netherlands
The titan mutants of Arabidopsis exhibit striking defects in seed development. The defining feature is the presence
of abnormal endosperm with giant polyploid nuclei. Two gene products are known: TTN5 is related to the ARF (ARL2)
class of GTP binding proteins; TTN3 is a member of the SMC2 family of chromosome scaffold proteins (condensins).
Here we describe 15 titan mutants recovered from a forward screen of T-DNA insertion lines. Six genes were cloned
using TAIL-PCR, including four disrupted twice in the population. Two genes encode chromosome scaffold proteins
that underscore the importance of chromosome integrity during endosperm development. Another gene encodes a protein
that may interact with TTN5 during seed development and should provide insights into ARL function in plants. Additional
TTN gene products appear to be involved in protein degradation pathways and plant senescence. Together these results
suggest that TTN genes act in overlapping pathways that influence chromosome mechanics and cytoskeletal organization
during seed development.
1
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Characterisation of LEP and VAS: two closely linked genes affected by activation
tagging in the lettuce mutant

Eric van der Graaff1, Paul Hooykaas2 and Beat Keller1
1
University of Zurich, Switzerland, 2University of Leiden, The Netherlands
The T-DNA tagged lettuce mutant exhibits the formation of leaves without petiole and an increased vascular bundle
size in all aerial organs. The T-DNA insert linked with these dominant phenotypes caused an altered expression of two
closely linked genes, LEP and VAS, arranged in a tandem orientation. The leafy petiole phenotype is caused by activation
tagging of the AP2/EREBP like transcription factor LEP and consists of the conversion of the leaf petiole region into leaf
blade (Development 127 (2000): 4971-4980). In wild-type plants, LEP is expressed specifically in leaf primordia and
young developing leaf blades. LEP expression pattern was unaltered in lettuce indicating that the activation tagging
caused tissue specific increased LEP expression. Interestingly, in wild type LEP was expressed throughout the complete
leaf primordium even at the stage where morphologically the petiole could be distinguished from the leaf blade. Therefore,
LEP activity must be regulated on protein level, either by interaction with other transcription factors specific for the leaf
blade region or by interaction with a negative regulator specific for the petiole region. Yeast two-hybrid analysis has
been initiated to screen for such interacting partners of LEP. A revertant screen has been performed to isolate target
genes of LEP. Out of 50,000 M2 EMS mutagenised seeds, eight lines have been selected exhibiting a wild-type leaf
development in the presence of the activation tagged LEP gene and analysis of these revertants is in progress.
The vascular phenotype is caused by activation tagging of VAS and consists of an increased cell number for all cell
types comprising the vascular bundles. In wild-type plants VAS expression can be detected in the vascular bundle of
roots and the lower part of hypocotyls using promoter-GUS fusions. RT-PCR analysis showed that VAS is expressed in
all plant organs. Activation tagging of VAS caused increased VAS expression in the vascular bundles of all aerial organs.
In order to study the exact role of LEP and VAS in plant development, we generated repression transgenics and are
currently screening for insertional mutants to obtain loss-of-function lines.
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Characterization of the pathosystem involving Arabidopsis thaliana and Verticillium
dahliae Kleb.

Paola Veronese, Meena L. Narasimhan, Paul M. Hasegawa and Ray A. Bressan
Horticulture Dept., Purdue University
Verticillium dahliae Kleb. is a soil-borne fungal pathogen causing vascular disease and severe yield and quality
losses in a broad range of fruit and vegetable crops. The fungus penetrates the host through the roots and spreads
systematically through the xylem. It generally lacks host specificity and no significant differences in the systemic
colonization are found in resistant and susceptible cultivars. Using an isolate of the fungus that is pathogenic on crucifers,
we surveyed several Arabidopsis accessions for susceptibility. No immunity was found and the disease symptoms included
leaf chlorosis and stunting and in some ecotypes the formation of multiple stems. Using an in vitro inoculation system,
we characterized more susceptible ecotypes as having stronger anthocyanin accumulation, more severe stunting and
early induction of flowering and senescence. Analysis of crosses indicated tolerance can be conveyed by a single dominant
gene. The screening of an activaction tagged T-DNA population of the tolerant C-24 ecotype generated three mutants
characterized by early dying in response to the fungus. All the mutants presented further unique characteristics indicating
separate affected genes, one being also early flowering, another dwarf and sterile. Molecular and genetic characterization
of the mutants will be presented.
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The Pursuit Of Genes Involved In Xyloglucan Biosynthesis

Tanya A. Wagner1, Curtis Wilkerson1, Sybil Myers1, Kenneth Keegstra1,2,3 and Natasha V. Raikhel1,2
The DOE Plant Research Laboratory, 2the Department of Biochemistry, and 3the Department of Plant
Biology, Michigan State University, East Lansing, MI 48824
There has been increasing interest in the role of the cell wall during plant development and in the wall’s dynamic
nature. The identification of enzymes that synthesize cell wall carbohydrates is necessary to address the regulation and
function of wall components and the mechanisms of wall assembly. We have focused our efforts on identifying enzymes
involved in the synthesis of xyloglucan, the most abundant hemicellulose in plants. The glycosyltransferase that adds
the terminal fucose to xyloglucan was identified based on a biochemical assay. However, there are no available assays
for the remaining enzymes expected to be involved in the synthesis of this glycopolymer. Instead, we took a bioinformatics
approach to identify potential candidate genes and will use reverse genetics to deduce their function. Candidate genes
are expected to be highly expressed or present in cells that are undergoing rapid expansion and to be absent from cells
that are producing secondary cell walls. Both developing cotton fibers and differentiating zinnia tracheids undergo a
stage of rapid cell expansion that is temporally distinct from when these cells produce secondary cell walls. Screening
mRNA populations from these cells at different developmental times has allowed us to identify genes that meet our
criteria. One candidate gene from developing cotton fibers is predicted to be a Golgi type II membrane protein and a
member of glycosyltransferase family 8 (http://afmb.cnrs-mrs.fr/~pedro/CAZY/db.html). The Arabidopsis homologue
of this gene has been identified, and we are pursuing this candidate’s function by RNA inhibition and gene knockouts.

1
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SIAMESE, a regulator of the endoreduplication cell cycle, results in multicellular
trichomes.

Walker, JD, Churchman, JL, Schomaker, LB, and JC Larkin
Department of Biological Sciences, Louisiana State University
Endoreduplication is a variant of the cell cycle that occurs in a wide variety of organisms. During endoreduplication
cycles (endo cycles), DNA is replicated without cellular or nuclear division. One Arabidopsis cell type exhibiting
endoreduplication is the trichome (leaf hair). Recessive siamese (sim) mutations result in multicellular trichomes in
place of the unicellular trichomes produced by wild-type plants. Individual nuclei of a multicellular trichome have a
reduced level of endoreduplication relative to wild-type, indicating that wild-type SIM may function to suppress mitosis
during the switch to the endocycle early in trichoem development. SIM is also required for light-regulated endoreduplication
in the hypocotyl, although it is not required for all endoreduplication events. Putative genetic modifiers of sim have been
isolated, including both phenotypic suppressors and enhancers. These new mutants are currenttly being characterized.
Progress toward isolating the SIM gene will be reported.Supported by NSF award IBN-9728047.
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An Analysis of Tangled1, a Gene Required for the Spatial Control of Cytokinesis in
Maize

Keely L. Walker, Laurie G. Smith
University of California, San Diego
Arrays of microtubules and actin filaments are important in the spatial regulation of plant cell division. We study a
mutation in maize, tangled1, which is required for the proper orientation of the preprophase band, spindle, and phragmoplast
during cytokinesis. Although tan1 mutant plants correctly form all cytokinetic structures they fail to guide the phragmoplast
to the site of the preprophase band, resulting in a variety of aberrant cell divisions. Leaves of tan1 mutant plants have a
highly disordered cell pattern in all tissue layers. At a macroscopic level, however, tan1 mutant plants appear nearly
normal. Cloning of Tan1 showed that it encodes a highly basic protein that is distantly related to the basic domains of
adematous polyposis coli (APC) proteins. The basic domain of APC is involved in microtubule binding. A microtubule
overlay assay has shown that TAN1 binds microtubules in vitro and antibodies raised against TAN1 bind to those
cytoskeletal structures misoriented in tan1 mutants. Recently we have identified a gene in Arabidopsis thaliana, which
encodes a protein that is highly related to TAN1 and have identified a plant containing a T-DNA insertion in this gene.
Work on the characterization of this gene will be presented.
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tfa “things fall apart,” a Novel Mutant Regulating Cell Separation

Wuyi Wang1,2 Austin Quinn, Tony Bleecker2, and Sara Patterson1
Department of Horticulture1 and Department of Botany and Laboratory of Genetics 2University of Wisconsin,
Madison
We have identified several ectopic cell separation mutants that we have designated tfa “things fall apart.” These
mutants are all characterized by unregulated cell separation in epidermal, cortical and vascular tissues. This process is
most severe in young seedlings affecting the hypocotyl, cotyledon, and first true leaves. Crosses among the mutants
indicate that these genes are alleles, and we have designated them tfa1-1, tfa1-2 and tfa1-3. tfa1-1 and tfa1-3 were
identified in T-DNA insertion populations, and tfa 1-2 was identified from an EMS screen. We were able to clone TFA1
by probing a C-DNA library of tfa1-3 with T-DNA. Sequencing identified a hypothetical protein approximately 850AA,
and indicated T-DNA insertions in the third intron ( tfa1-1) and the forth exon ( tfa1-3). Molecular complementation of
tfa1-1 with TFA1 restores wild type phenotype confirming identification of the gene. TFA1 is predicted to be highly
hydrophilic and form coil-coil structures. A knockout in a homologous gene that we have designated tfa2-1 has been
identified and the analysis of interactions with tfa1 is in progress. We propose that there are several regulatory pathways
affecting cell separation programs in the plant. TFA1 may represent a gene regulating global repressor systems, while
TFA2 may regulate a more tissue specific program.This work was funded by USDA grants 9835301-6764 and 00353019085.Corresponding author: spatters@facstaff.wisc.edu
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Katanin, microtubules and cell specification in the Arabidopsis root

Melanie Webb, Stefan Jouannic, Zora Hanácková, Paul Linstead, Liam Dolan
John Innes Centre, Norwich Research Park, Colney Lane, Norwich, UK
The Arabidopsis primary root has a simple radial organisation consisting of different cell types in concentric rings
surrounding the stele tissue. This radial pattern is set down during embryogenesis and thought to be maintained by
positional cues. The epidermis is sub-specified into two cell types, hair forming cells and non-hair forming cells. These
cell types differ in their location relative to the underlying cortical cell walls, indicating a role for cell wall localised
positional information. The nature of these positional mechanisms is unknown.
The ectopic root hair 3 mutant (erh3) has defective epidermal sub-specification; ectopic root hairs form in non-hair
cell positions, ectopic non hairs form in hair cell positions. The expression of non-hair cell specific molecular markers
is altered in the meristem indicating an early role for the ERH3 gene. Additionally the defective expression pattern of
cortical/endodermal and lateral root-cap specific markers in erh3 roots suggests disrupted radial patterning.
Positional cloning of the mutated gene identified a single copy gene encoding the p60 subunit of a katanin-like
protein. In animal systems, katanin functions as a microtubule-severing protein and is supposed to be involved in mitosis
and microtubule dynamics.
We examined microtubule organisation in the meristem and the differentiated region of the epidermis in wild type
and erh3-2 mutant roots to investigate the role of katanin in plants. Our results indicate that microtubule orientation is
defective in erh3 mutant suggesting that a microtubule dependent signalling process is required for correct cell
specification. Further characterisation of this mutant will provide an insight into this signalling process.
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MOR1: a novel structural microtubule associated protein expressed throughout
development.

Angela Whittington, Oliver Vugrek, KeJun Wei, Nortrud Hasenbein, Madeleine Rashbrooke and Geoffrey Wasteneys.
Plant Cell Biology Group, Research School of Biological Sciences, The Australian National University, GPO
Box 475, Canberra, ACT 2601 Australia
We identified the MICROTUBULE ORGANIZATION 1 (MOR1) gene by mapping, complementation and sequence
analysis of two temperature-sensitive mutant alleles. MOR1 is a large gene of ~14kb, comprising at least 53 exons with
a coding mRNA of ~6kb. We have isolated no constitutive mor1 mutants and suspect that constitutive loss of function
would be lethal. Southern blot and genome sequence analysis confirmed that MOR1 is a single copy gene, although two
pseudogenes lacking N and C termini were identified. We speculate that the size and complexity of the MOR1 gene,
together with the lack of redundancy, might allow several functions to occur through regulation at the transcriptional
level, for example alternative splicing. Phenotype analysis of the mutants suggests that MOR1 is expressed throughout
development and in virtually all organs. RT-PCR analysis confirms MOR1 expression in roots, shoots, rosettes, stems,
siliques and flowers. The rapid disruption of cortical microtubules in the mutants at the restrictive temperature suggests
the structural integrity of MOR1 protein rather than a transcription event is affected. RT-PCR analysis showed that
MOR1 is expressed in wild-type and mutant tissues at both the permissive and restrictive temperatures. The deduced
MOR1 protein sequence revealed several intriguing features including at least 10 HEAT repeats, two nuclear localization
signals, and a consensus microtubule binding motif. Further dissection of this structural MAP with information from the
mutants will help us understand the specialized features and functions of microtubule arrays in plant cells.
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α , a Peptide
Diversity of Arabidopsis Genes Encoding Precursors for Phytosulfokine-α
Growth Factor

Heping Yang1, Yoshikatsu Matsubayashi2, Kenzo Nakamura2 and Youji Sakagami2
1
Univ. of Missouri-Columbia, MO 65211, USA; 2Nagoya Univ., Nagoya 464-8601, Japan
Phytosulfokine-alpha (PSK-alpha), a peptide growth factor, was originally isolated from conditioned medium of
asparagus mesophyll cell cultures. PSK-alpha promotes plant cell proliferation, enhances chlorophyll synthesis and
growth of seedlings, induces formation of adventitious roots and buds, stimulates tracheary element differentiation, and
reinforces the frequency of somatic embryogenesis. Four genes, AtPSK1, AtPSK2, AtPSK3 and AtPSK5, encoding
precursors of PSK-alpha have been identified in Arabidopsis, suggesting that the Arabidopsis genome possesses a
dynamic gene family for PSK-alpha precursors. The predicted precursors have N-terminal signal peptides, with only a
single PSK-alpha sequence, close to their carboxyl termini. All precursors exhibit dibasic processing sites flanking PSKalpha, analogous to animal and yeast prohormones. Although the PSK domain including the sequence of PSK-alpha and
three amino acids preceding it are perfectly conserved, the precursors bear very limited similarity, suggesting a new
level of diversity among polypeptides that are processed into same signaling molecule in plants, a scenario not found in
animals and yeast. Transgenic Arabidopsis cells expressing a mutant of either AtPSK2 or AtPSK3 cDNAs secreted
unnatural [Ser 4]PSK-beta. Both AtPSK2 and AtPSK3 were demonstrably expressed not only in cultured cells but also in
intact plants, suggesting that PSK-alpha may be essential for plant cell proliferation in vivo as well as in vitro, and that
these two genes may redundantly act. Such pairs of genes allow functional stabilization in case one becomes switched
off. The evolution of Arabidopsis apparently involved a whole-genome duplication, followed by subsequent gene loss
and extensive local gene duplications, giving rise to a dynamic genome. Interestingly, the AtPSK2 and AtPSK3 genes are
located in the large duplicated segments of chromosomes II and III, suggesting a derivation from the same ancestor but
divergence after the duplication event. The long period of time over which genome stabilization has occurred has,
however, provided ample opportunity for divergence of functions of genes during through duplication.
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The cis-acting signal for degradation of Aux/IAA proteins

Nathan Zenser, Jason Ramos, Judy Callis*
University of California, DAVIS
The Aux/IAA proteins are a family of short-lived proteins whose mRNAs rapidly increase in the presence of exogenous
auxin. We previously showed directly using a radioactive pulse-chase analysis that an Aux/IAA protein, PSIAA6, in
fusion with firefly luciferase (LUC) targeted the protein for rapid degradation (Worley et al, 2000). Using Aux/IAA
luciferase LUC fusion proteins, we determined amino acid sequences required for this rapid degradation in both transient
expression assays using tobacco protoplasts and in cycloheximide chase experiments using transgenic Arabidopsis. A
sequence of 13 amino acids based on conserved sequences found in Domain II of all Aux/IAA proteins was found to be
sufficient in transient assays for low protein accumulation. Mutagenesis of this region and transient expression of mutant
13aa::LUC fusion proteins defined the necessary amino acids within these 13 amino acids. Substitutions previously
found in semi-dominant auxin signaling mutants were made and tested in the context of the 13 amino acid LUC fusion
protein. All had dramatic effects on protein accumulation. The effects of single alanine substitutions at almost all positions
were tested. In some cases where single alanine substitutions had no effect, multiple alanine substitutions affected
protein accumulation. The wild-type 13aa:LUC fusion was expressed in transgenic Arabidopsis. These amino acids
were not sufficient for the equivalent rapid degradation seen for a full length PSIAA6:LUC protein in transgenic plants,
although 13aa::LUC was degraded significantly faster than LUC alone. Addition of 56 amino acids of PSIAA6 surrounding
these13 amino acids increased the degradation rate to within approximately 2-fold that of the full length protein. In
contrast, addition of the N-terminal 73 amino acids of PSIAA6 that includes the 13 amino acid sequence produced a
LUC fusion protein that was degraded as fast as the full length fusion protein
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T-DNA insertion in a putative helicase promoter causes late-flowering in Arabidopsis
thaliana (L.).

Bellafiore-Maurice L., Delessert B. and Greppin H.
University of Geneva, Laboratory of Plant Biochemistry and Physiology
The switch to flowering involves a major change in the pattern of differentiation at the shoot apical meristem
leading to the development of the floral organs. Analysis of the responses of different mutants to the environment
together with the studies of their genetic interactions have resulted in a multiple pathway model showing the complex
integration of endogenous signals and environmental conditions during the floral transition.
In a screen for late-flowering under long-day conditions, we isolated a T-DNA tagged Arabidopsis mutant line with
a particular phenotype: a part of the population presented an intermediate phenotype, flowering between 8 and 15 days
after the wild-type while a smaller proportion gave sterile flowers 15 days later. The T-DNA insertion was found to be
located in the promoter region of a putative helicase, which we named Heli1. The universal presence of helicases in the
living kingdom reflects their fundamental importance in DNA and RNA metabolic processes, including replication,
recombination, DNA repair, transcription, translation and RNA splicing. So given the diverse functions of those proteins,
it is difficult to predict a specific function for heli1. Further genetic analysis revealed that the sterile plants where
homozygote for the T-DNA and that the intermediate phenotype was related to the hemizygotes, indicating that a reduction
of the heli1 activity seems to be sufficient to delay flowering time. This requires that heli1 activity, for example its
transcription, is tightly regulated, and predicts that differences in flowering time are caused by changes in the levels of
Heli1 mRNA. A similar observation has been done in Arabidopsis where the disruption of an RNA helicase/RNA III
gene caused unregulated cell division in floral meristems (Jacobsen S.E., Running M.P. and Meyerowitz E.M., 1999,
Development 126 : 5231-5243). The next step of our study shall be to characterise an tissue-specific or transient expression
of the putative helicase and then the identification of the upstream and the downstream targets of this gene’s product
which might help to establish its regulatory role during floral transition or development.
luanne.maurice@bota.unige.ch
http://www.unige.ch/LABPV
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Identification of genetic interactions with the transcriptional activator ABI3

Siobhan Brady, Sara Sarkar and Peter McCourt
Dept. of Botany, University of Toronto
Loss-of-function mutations in the B3-type transcriptional activator ABI3 of Arabidopsis result in seed phenotypes
ranging from incomplete late embryogenesis to increased insensitivity to ABA at the level of seed germination (Nambara
et al., 1995). Although this genetic data indicates ABI3 is an important regulator of seed development, recent expression
studies suggest this gene may have functions outside of the seed (Rohde et al., 1999). To further understand ABI3
function we have devised a genetic screen to identify genes that regulate ABI3 expression outside of seed development.
The premise of the screen is based on two observations; first, loss-of-function mutations in the era1 gene, which enhance
the ABA response of Arabidopsis, are phenotypically suppressed in abi3 mutants and second, era1 plants show an
enhanced expression of ABI3 in lateral root primordia. Using the genetic relationship between ERA1 and ABI3 and the
ABI3 expression profile as a marker we screened for supressor mutations of the era1 germination phenotype in an era1
ABI3::GUS line. In the M3 generation, mutants were rescreened for aberrant expression of ABI3 in the roots and lateral
root defects. Using these criteria, we have identified a variety of mutations that affect; ABI3::GUS expression in the
roots, mutations that affect root patterning and development, mutations in root hair production and mutations that arrest
seedling development. These mutations are now being classified into groups based on morphological root phenotypes
and ABI3 expression patterns.
Nambara, E. et al., Development 121:629-636 (1995). Rohde, A. et al., Plant, Cell and Environment 22:261-270 (1999).
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Forward genetic studies of glutamate receptor genes in Arabidopsis

Eric Brenner1, Nora Martinez-Barboza1, Alexandra P. Clark1, Joanna Chui1, Dennis W. Stevenson2, Gloria M.
Coruzzi1
1
New York University, 2New York Botanical Garden
In the animal brain, ionotropic glutamate receptors (iGluRs) are ligand-gated ion channels that transmit synaptic
signals necessary for a variety of functions including vision and memory. Genes with high sequence similarity to animal
iGluRs have been identified in Arabidopsis. We have taken a pharmacological approach to uncover the role of Arabidopsis
glutamate receptor (AtGLR) genes, by examining the effects of BMAA [S(+)-beta-Methyl-alpha, beta-diaminopropionic
acid], a cycad-derived iGluR agonist, on Arabidopsis morphogenesis. When grown in the presence of BMAA, Arabidopsis
seedlings show a two to three fold increase in hypocotyl length and a significant inhibition of cotyledon opening. The
effect of BMAA on hypocotyl elongation is light-specific and can be reversed by the simultaneous application of glutamate,
the native iGluR agonist in animals. A genetic screen was devised to isolate Arabidopsis mutants with a BMAA insensitive
morphology (bim). When grown in the light on BMAA, bim mutants have shorter hypocotyls then wildtype. When
grown in the dark in the absence of BMAA bim mutants could be grouped into three classes based on their morphology.
Class I bim mutants have a normal, etiolated morphology, similar to wildtype plants. Class II bim mutants have shorter
hypocotyls and closed cotyledons when grown in the dark. Class III bim mutants have short hypocotyls and open
cotyledons when grown in the dark, resembling the constitutively photomorphogenic mutants (cop, det, fus, shy). Further
analysis of the bim mutants should help define whether plant-derived iGluR agonists target glutamate receptor signaling
pathways in plants.
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Interactions among loci regulating ABA response and seed development

Ines Brocard, Shingo Nakamura, Tim Lynch, Ruth Finkelstein
Molecular, Cellular and Developmental Biology Department, University of California, Santa Barbara, CA
93106, USA
Genetic and physiological studies have shown that the Arabidopsis abscisic acid (ABA)-insensitive ABI3, ABI4,
ABI5 and LEC1 and FUSCA3 loci regulate many aspects of embryonic and seed development. ABI3 regulates sensitivity
to ABA inhibition of germination, expression of some seed-specific genes, acquisition of dormancy, and desiccation
tolerance. The other loci regulate subsets of these responses: all four loci control some embryonic gene expression, but
only ABI4 and ABI5 affect ABA sensitivity of germination, while FUS3 and LEC1 are required for desiccation tolerance.
ABI3, FUS3 and LEC1 have been shown to interact genetically such that double mutant seeds are highly pigmented and
viviparous.Double mutants combining either abi4 or abi5 mutations with either lec1 or fus3 mutations also show synergistic
interactions in enhancing both anthocyanin and chlorophyll accumulation in double mutant embryos, but only the fus3
and abi mutations have synergistic effects on ABA sensitivity of germination. Expression of late embryogenesis abundant
( lea ) genes in dry and immature seeds of these double mutants is in progress.The yeast two-hybrid assay has been used
to determine whether any of these genetic interactions reflect direct physical interactions. By this criterion, only ABI3
and ABI5 physically interact with each other, and ABI5 can form homodimers.
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Functional and Expression Analysis of the Vernalization-Responsive Gene EARLI1

Jason Bubier, Richard Wilkosz, Michael Schläppi
Departmnet of Biolog, Marquette University, Milwaukee WI
The transition of a flowering plant from the vegetative to the reproductive growth phase is a highly regulated
developmental event. Vernalization, the sustained exposure of plants to cold temperature, results in the induction of
flowering. A subtractive hybridization approach was used to isolate vernalization-responsive genes from a late flowering
ecotype of Arabidopsis thaliana based on the premise that transcript levels of such genes would increase with cold
treatment and remain high even after removal of the vernalization stimulus. This gene expression screen identified
EARLI1, as a novel vernalization-responsive gene. To understand the mechanism of vernalization responsive gene
activation and silencing, the function and regulation of EARLI1 are being analyzed. EARLI1’s regulation is being
reconstituted using promoter::GUS fusions in transgenic Arabidopsis plants to i) determine the minimal size of the
EARLI1 gene that responds to vernalization, ii) identify the vernalization response element, and iii) identify other regulatory
elements. Loss of function EARLI1 and gain of function EARLI transgenic plants are being created to determine how the
absence or abundance of EARLI affects flowering time. An analysis of the spatial and temporal patterns of GUS expression
regulated by the 5' region of the EARLI1 gene will be presented, in addition to the current EARLI1 functional data.

264

Gene disruption of calcium-dependent protein kinases in Arabidopsis thaliana:
Towards understanding their in vivo functions.

Catherine W. M. Chan and Michael R. Sussman
Departments of Genetics and Horticulture, University of Wisconsin-Madison, WI 53706.
A typical calcium-dependent protein kinase (CDPK) consists of a serine/ threonine protein kinase domain fused to
a series of calcium-binding motifs. To date, CDPKs are only found in plants, algae and protists, and have been most
extensively studied in plant systems. The Arabidopsis thaliana genome sequencing project suggests that the CDPK gene
family consists of 34 different members, and represents one of the largest groups of serine/ threonine protein kinases.
Members of the family share extensive sequence homology, ranging from ~35% to 95% amino acid identities. Biochemical
studies on selected CDPKs confirm that calcium directly regulates their kinase activities (1). Therefore, CDPKs can
serve as important sensors and effectors of calcium signals in various physiological processes. There is indeed evidence
for involvement of CDPKs in important processes as the synthesis of sucrose, assimilation of nitrate (1), and control of
stomatal aperture (2).
In order to better understand in vivo functions of the CDPK gene family, we have applied a reverse genetic approach
to a plant model system, A. thaliana. In particular, we have been systematically searching for CDPK ‘knockout’ plants
in large transferred DNA transformed populations (3). We present our current data on the isolation of CDPK mutants,
and also discuss our progress in detecting and analyzing phenotypic differences between mutant and wild-type plants.
Furthermore, to address the issue of functional redundancy among members of the CDPK gene family, we have begun
performing genetic crosses between different CDPK mutants, thereby creating plants that are defective in specific
combinations of CDPKs. Our studies on CDPK mutant plants are beginning to reveal the contribution of individual and
groups of CDPKs to various physiological processes, and will better our understanding of in planta functions of this
family of protein kinases and their roles in calcium signaling..
(1)Harmon, A. C., Gribskov, M., and Harper, J. F. Trends in Plant Sci. (2000) 5: 154-159 (2)Li, J., Lee, Y.-R. J., and Assmann, S. M. Plant
Physiol. (1998) 116: 785-795. (3) Krysan, P. J., Young, J. C., and Sussman, M. R. Plant Cell (1999) 11: 2283-2290.
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The Ethylene Receptor ETR1 Localizes to the Endoplasmic Reticulum of Arabidopsis

Yi-Feng Chen, Melynda D. Randlett, Jennifer L. Findell, and G. Eric Schaller
Dept. of Biochemistry, Univ. of New Hampshire, Durham, NH 03824
The ethylene receptor ETR1 is composed of ethylene-binding, histidine kinase, and receiver domains. The hydrophobic
ethylene-binding domain is also responsible for membrane localization of the receptor. Sequence analysis does not
provide information as to which membrane system of Arabidopsis the receptor is localized. We have employed several
independent approaches to determine membrane localization of ETR1. Membrane fractionation by two-phase partitioning
and sucrose density-gradient centrifugation indicate that ETR1 is associated with the endoplasmic reticulum (ER). To
confirm ER localization of ETR1, we affinity-purified a rabbit antiserum against ETR1 to monospecificity and used it as
a probe in immunogold electron microscopy. Gold label indicating ETR1 was found in the ER but not in the Golgi
apparatus or plasma membrane. Localization was not affected in plants treated with the ethylene precursor ACC or the
protein biosynthesis inhibitor cycloheximide, supporting a stable localization of the receptor to the ER. Expression of a
truncated receptor in Arabidopsis indicated that the aminoterminal half of the protein was sufficient for ER localization.
Our data establish the ER as a novel alternative location for hormone or growth factor receptors, contrasting with the
typical localization of receptors to the plasma membrane or nucleus.
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Brassinosteroid signaling casts a new player DWARF12

Sunghwa Choe1, Robert Schmitz2, Shozo Fujioka3, Suguru Takatsuto4, Shigeo Yoshida3, Kenneth A. Feldmann1, and
Frans Tax2
1
Ceres, Inc.,Malibu, California 2DMCB, University of Arizona, Tucson, Arizona 3RIKEN, Wako-shi, Japan,
4
Department of Chemistry, Joetsu University of Education, Joetsu-Shi Japan
Compared to the flurry of brassinosteroid (BR) biosynthetic mutants, a dearth of mutants defective in the BR signaling
pathway has made it difficult to obtain additional components of BR signaling. To find other players in the pathway
featuring the receptor kinase BRI1, we have performed extensive screening of EMS-mutant populations and have isolated
novel BR-insensitive mutants in dwarf12. dwf12 mutants share many characteristic phenotypes of previously reported
BR mutants, such as short stature, short round leaves, infertility, and abnormal de-etiolation. dwf12 mutants also have a
unique phenotype, severe downward curling of leaves. Interestingly, plants heterozygous for these mutations show a
dwarf phenotype whose height is intermediate between wild type and homozygous mutant plants, suggesting that the
dwf12 mutations are dominant-negative, gain of function, or haploinsufficent. Further morphometric analysis of the two
dwf12 alleles, dwf12-1D and dwf12-2D, indicated that the dwf12-2D mutation resulted in more severe phenotypes than
those of dwf12-1D. Similar to bri1/dwf2, dwf12 plants accumulated a significant amount of BRs including brassinolide.
We identified DWF12 using map-based cloning. DWF12 encodes a conserved protein predicted to reside in the cytoplasm.
We hypothesize that DWF12 acts downstream of BRI in a phosphorylation cascade, ultimately leading to the activation
of BR-dependent transcriptional events.
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Role of phosphorylation of CCA1 by the protein kinase CK2 in the circadian clock of
Arabidopsis thaliana

Xavier DANIEL, Shoji SUGANO, and Elaine M. TOBIN
MCD Biology, UCLA
CCA1 is a Myb-related transcription factor that has been shown to be involved in the phytochrome regulation of
Lhcb1*3 gene expression and in the function of the circadian oscillator of Arabidopsis thaliana [1, 2]. CCA1 was shown
to interact in vitro with both α -subunits and β-subunits of the protein kinase CK2, and the reconstituted CK2 enzyme
can phosphorylate CCA1 protein in vitro[3]. Furthermore, whole-cell extracts from Arabidopsis plants contain a CK2like activity that can phosphorylate CCA1 [3]. Finally, over-expression of a β-subunit of CK2 shortened periods of
circadian rhythms [4]. These results demonstrate that CK2 affects circadian rhythms in vivo, and they suggest that the
mechanism of this effect is likely to involve phosphorylation of CCA1. We are now in the process of using a site-specific
mutational strategy to test whether phosphorylation of CCA1 by CK2 is a mechanism that is normally used as a regulatory
element in the circadian clock of Arabidopsis. We used mass spectrometry of CCA1 phosphorylated by CK2 in vitro to
identify Ser-5 and Ser-6 of CCA1 as phosphorylation targets of CK2. Sequence analysis of the CCA1 protein revealed
four additional Sers in conserved CK2 motifs (S/T X X D/E) that could be targets for CK2 phosphorylation. We have
mutated all six of these Ser residues, changing them to Ala residues. We then tested whether this mutant protein (mCCA1)
could be phosphorylated by CK2 in vitro, and we found that it is a poor substrate for CK2-phosphorylation as expected.We
have now transformed a line of plants that is null for CCA1 [5] with the mutant form (mCCA1) of CCA1 under the
control of a constitutive promoter. If the phosphorylation of CCA1 is important for its function in circadian rhythms, we
expect that the phenotype of plants overexpressing the mutant form of CCA1 (mCCA1) that cannot be phosphorylated
by CK2 will be different from the phenotype of plants overexpressing the WT form [2]. The results of such experiments
will be presented.
1. Wang et al. (1997) Plant Cell 9:491-507.2. Wang and Tobin (1998) Cell 96:1207-173. Sugano et al. (1998) PNAS 95:11020-254. Sugano et
al. (1999) PNAS 96:12362-66.5. Green and Tobin (1999) PNAS 96: 4176-79.
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AXR1 homologue AXL1 is involved in Auxin response in Arabidopsis.

M.A. Nihal Dharmasiri, Mark Estelle;
University of Texas, Austin, TX 78712
The plant hormone auxin regulates many aspects of growth and development. Recent studies have shown that auxin
response is mediated through ubiquitin proteosome pathway involving SCFTIR1 complex. The activity of SCF complex is
known to be modulated by the RUB(ubiquitin-Related protein) modification of cullin, a key component of this protein
complex. RUB modification of cullin is initiated by RUB activating enzyme (E1) that consists of an AXR1 and ECR1
heterodimer. AXL1 is a homologue of AXR1 with 80% amino acid identity. Therefore, we hypothesized that AXL1 and
AXR1 may be functionally redundant. To test this hypothesis, AXL1 cDNA was cloned and overexpressed in axr1-3
background using CaMV 35S promoter. Overexpression of AXL1 in axr1-3 plants resulted in complementation of the
auxin resistant phenotype of axr1-3. Further, AXL1 overexpressed lines had higher level of modified cullin compared to
axr1-3 plants. Moreover, we isolated T-DNA tagged knockout mutant line of AXL1. While mutants homozygous for
AXL1 (axl1/axl1) did not show any noticeable phenotype, axl1/+ or axl1/axl1 in axr1-12 background showed severe
dwarf shoot phenotype that is much more extreme than axr1-12. Taken together these results suggest that AXL1 functions
as a subunit of the E1 enzyme involved in the RUB modification pathway.
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THE UBIQUITIN-RELATED PROTEIN RUB1 IS REQUIRED FOR AUXIN RESPONSE IN
ARABIDOPSIS.

Sunethra Dharmasiri, J. Carlos del Pozo, and Mark Estelle
Section of Molecular Cell and Developmental Biology, University of Texas at Austin, Austin TX 78712
The plant hormone auxin regulates many aspects of plant growth and development. Genetic and biochemical studies
have shown that cellular responses to auxin depend upon the function of a ubiquitin protein ligase (E3) called SCF TIR1.
In addition, our studies indicate that the ubiquitin-related protein RUB1 is required for auxin response. Since the only
known targets for RUB modification are members of the cullin family, a subunit of SCF-type E3s, we hypothesized that
RUB modification of the cullin component of SCF TIR1 may be required for its function. To test this possibility we have
performed genetic studies of the RUB-conjugation pathway. Our results indicate that mutations in the genes that encode
the two subunits of the RUB-activating enzyme (AXR1 and ECR1) and the RUB conjugating enzyme (RCE1) all result
in defects in auxin response. In addition, we find that these mutations affect RUB conjugation to the cullin AtCUL1,
suggesting that RUB modification is required for normal SCF TIR1 function.
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Dissection of ABA signaling pathways in Arabidopsis by global examination of ABAregulated genes in abi1 and abi1 enhancer abe1 mutants

Ghassemian M.1, McCourt P. 2, and Schroeder JI. 1
1
University of California San Diego,Department of Biology. 9500 Gilman Dr. La Jolla, CA 92093-0116. USA,
2
University of Toronto. Department of Botany. Toronto, Ontario. M5S 3B2. Canada.
The plant hormone abscisic acid (ABA) is important in numerous functions ranging from the establishment of seed
development and dormancy to protecting adult plants from a variety of environmental stresses. Several mutants with
reduced sensitivity to exogenously applied ABA (abi) have been described. One ABA insensitive mutation, abi, identifies
a gene that encodes a type 2C protein phosphatase, suggesting that the phosphorylation status of the plant is important
for correct ABA action. To further understand the role of ABI1 in ABA signal transduction and to identify new genes
involved in ABA action, an abi mutant background was used to screen for mutations that further reduce ABA responsiveness
in Arabidopsis. This abi enhancer (abe) screen resulted in the isolation of mutations in 6 genetic loci. Three
complementation groups define the previously identified ABA response loci ABI3, ABI4, and ABI5. One complementation
group was found to be allelic to the CTR1 gene, a known negative regulator of ethylene signaling in Arabidopsis.
Mutations at two loci identify new genes designated ABE1 and ABE2. Progress in genetic characterization of abe1 and
abe2 will be presented. To Dissect the ABA signaling pathways in Arabidopsis we used oligonucleotide-based arrays
representing more than 8000 genes to determine the steady-state mRNA levels of ABA treated and non-treated “wild
type”, “abi1-1” and “abi1-1/abe1” seedlings. The global examination of ABA regulated genes and defects in their
expression in these mutant backgrounds will be presented. In addition, a number of changes in the expression of regulatory
genes in abi1-1 and abi1-1/abe1 mutants from wt are observed. These changes and their significance in relation to ABA
signal transduction will be presented and discussed.

271

The Arabidopsis compact inflorescence genes: phase-specific growth regulation and
the determination of inflorescence architecture

Lynn Goosey, Robert Sharrock
Montana State University
Flowering plants pass through a series of developmental growth phases during their lifecycle. These phases are
characterized by the production of morphologically distinct vegetative and reproductive organs and by different growth
patterns. Three major phases have been described: juvenile vegetative, adult vegetative, and reproductive. compact
inflorescence (cif) is a novel mutant in Arabidopsis that exhibits a phase-specific phenotype. While juvenile vegetative
and reproductive development in cif are identical to wild-type, adult vegetative organs of both the rosette and the
inflorescence exhibit altered growth patterns. The most striking feature of the cif phenotype is a decrease in inflorescence
internode length such that a cluster of flowers forms in place of the wild-type raceme. The cif trait is also apparent in late
leaves of the rosette, and onset of the phenotype coincides with the appearance of adult morphological leaf characteristics.
This correlation remains, even if the transition to adult growth is accelerated or delayed by altering the photoperiod.
Reproductive organs in cif exhibit a wild-type anatomy, and are fully fertile. Hence, the phenotypic effects of cif are
limited to the adult vegetative growth phase.
The cif mutant is distinct from other phase-associated mutants in Arabidopsis, including hasty and efs, both of which
affect the timing of the phase transitions, rather than phase-specific growth patterns. Most phase mutants in maize also
affect the timing of phase transitions, including glossy15, viviparous8, and the gain-of-function Teopod mutants. compact
inflorescence is inherited as a two-gene trait, requiring homozygosity for the recessive mutant allele of CIF1, and at least
one copy of the dominant CIF2 allele.
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The ERS1 and ETR1 members of the Arabidopsis ethylene receptor family perform
an essential role in ethylene signaling

Anne E. Hall, Wuyi Wang, Anthony B. Bleecker
University of Wisconsin-Madison
The current model of the ethylene signaling pathway in Arabidopsis involves a family of five ethylene receptors,
which interact with a Raf-type kinase, CTR1, to negatively regulate ethylene-response pathways through the putative
ion channel EIN2. Previous studies indicated that both CTR1 loss-of-function mutants, and plants containing loss-offunction mutations in three or more ethylene receptor genes exhibit a constitutive ethylene-response phenotype (Hua
and Meyerowitz, 1998). We have isolated a novel double mutant, which contains loss-of-function mutations in the ERS1
and ETR1 ethylene receptor genes. ers1;etr1 mutants exhibit constitutive ethylene responses, but surprisingly, the defects
exhibited by this double mutant are much more severe than ctr1 or the triple loss-of-function mutants. ers1;etr1 mutants
are extremely stunted, are delayed in flowering time, and exhibit fertility and flowering defects not previously reported
in any other ethylene receptor mutants. When ers1;etr1 mutants were crossed into an EIN2-deficient background, plants
exhibited ein2-like ethylene insensitivity, and normal flowering time, fertility and floral development were restored.
One characteristic that distinguishes ERS1 and ETR1 from the other three ethylene receptor isoforms is the presence of
a conserved histidine kinase domain. Experiments are underway to determine if kinase activity of ETR1 and ERS1 is
essential for signaling to downstream components.
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The regulatory roles of sterols in the development of Arabidopsis thaliana

Jun Xian He1, Shozo Fujioka2, Hideharu Seto2, Suguru Takatsuto3, Shigeo Yoshida2, Yasuo Niwa4, Shin Gene Kang1,
and Jyan-Chyun Jang1
1
Ohio State University, 2RIKEN, 3Joetsu University of Education, 4Univeristy of Shizuoka
In plants, whereas the major sterols such as sitosterol and stigmasterol are structurally similar to animal cholesterol,
little is known about the regulatory functions of these phytosterols. A critical role of phytosterols in embryogenesis, cell
division, and cell expansion was revealed recently by the analysis of the Arabidopsis fackel (fk) mutants and cloning of
the FK gene that encodes a C-14 sterol reductase (Genes & Dev 14: 1485-1497). Here we provide direct evidence to
show that fk mutants exhibit altered response to both auxin and cytokinin. In addition, the phytosterols including the 3
novel 8,14-diene sterols accumulated in fk mutants are active regulators of plant growth and development. The fk sterols
inhibit seed germination and hypocotyl elongation but enhance root growth. The fk sterols also considerably alter the
expression of genes involved in cell expansion and division such as TCH4, MERI-5, EXPANSIN, KORRIGAN, and βTUBULIN. In addition, the fk mutants can be phenocopied by treating the WT plants with a sterol C-14 reductase
inhibitor, fenpropimorph. Fenpropimorh was found to impair cell expansion in a dosage-dependent manner and the
inhibitory effect cannot be corrected by exogenous BL. Results of biochemical and molecular analyses indicate that
fenpropimorph is a potent sterol C-14 reductase inhibitor, which can be used to assist the genetic analysis of phytosterol
signaling.
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Does jasmonate play a role in Arabidopsis leaf senescence?

Yuehui He1,2, Hirotada Fukushige1, David Hildebrand1, Susheng Gan1,2
1
Plant Physiology/Biochemistry/Molecular Biology Program, Agronomy Department, and 2THRI, University of
Kentucky, Lexington, KY 40546-0091
Jasmonic acid (JA) was first discovered as a leaf senescence-promoter. It has been subsequently found to be involved
in many aspects of plant growth and developmental processes. However, whether JA indeed plays a role in leaf senescence
remains uncertain. Here we report that JA level in senescing leaves is about five times that in non-senescing leaves in
Arabidopsis, and that genes encoding enzymes for JA biosynthesis are differentially upregulated during leaf senescence
in Arabidopsis; these genes include lipoxygenase1, allene oxide synthase, allene oxide cyclase 1 and 2, 12-oxo-phytodienoic
acid reductase 1 and 3, and PED1 (thiolase). Exogenous application of JA leads to precocious senescence in planta and
in detached leaves, but has no effect on the JA-insensitive Arabidopsis mutant. These data suggest that JA play a role in
leaf senescence in Arabidopsis.
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Auxin Signal Transduction and the Cullin Gene Family

Hanjo Hellmann, Jennifer Moon, and Mark Estelle
University of Texas-Austin
The phytohormone auxin influences a variety of developmental and physiological processes in higher plants. Using
a genetic approach, several Arabidopsis mutants were identified that showed a reduced sensitivity towards exogenously
supplied auxin (axr, auxin resistant) or auxin transport inhibitors (tir, auxin transport inhibitor response). Genetic data
for two of the mutants, axr1 and tir1, suggested that the corresponding proteins are active in the same or overlapping
pathways. Cloning of TIR1 and AXR1 revealed a connection between auxin signal transduction and the ubiquitin proteasome
pathway. TIR1 encodes an F-box protein, a class of proteins that are subunits of an E3 ubiquitin ligase complex Skp1Cdc53-F-box (SCF) and a ring-finger protein RBX1. In Arabidopsis, TIR1 has been shown to interact with the Skp1-like
proteins ASK1 and ASK2 and the cullin AtCUL1, a yeast Cdc53-homologue, to form an SCF-complex in planta. The
AXR1 gene encodes a protein that is necessary for activation of the ubiquitin-related protein RUB1. Mediated by a
RUB1-conjugating enzyme called RCE1, RUB1 is transferred to a specific lysine residue of AtCUL1. Mutation of the
lysine residue and overexpression of the mutated AtCUL1 protein leads to the development of pin-like flowers. Besides
AtCUL1, four other cullins are present in the Arabidopsis genome that were cloned and partially analyzed. They all
carry conserved domains for interaction with RBX1 and can be modified by RUB1, thus make them alternative candidates
for an AXR1-dependent or related pathway. In yeast and mammals it is well established that SCF-complexes function in
the regulation of multiple regulatory pathways e.g. cell cycle and carbohydrate metabolism, and a similar complex role
in plants is likely. It is, however, still unclear if RUB-modification affects activity, stability or cellular localization of the
SCF-complex. Thus, a detailed characterization of Arabidopsis cullins will reveal their individual role in the plant
metabolic network and might give a better insight into the principle of RUB-modification.
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Cloning of flowering genes from Pisum sativum L.

L. Huub J. Kerckhoffs, Karon M.L. Ryan, Claire L. Harlow and James B. Reid
School of Plant Science, University of Tasmania, GPO-Box 252-55 Hobart, TAS 7000, Australia
The photoperiodic regulation of flowering in the quantitative long day plant Pisum is regulated by the interaction
between a floral stimulus and a floral inhibitor. A physiological/genetic approach has revealed eight genes involved in
flower initiation with known map location and proposed physiological function. Six of these genes, STERILE NODES
(SN), PHOTOPERIOD (PPD), DIE NEUTRALIS (DNE), EARLY INITIATING (E), HIGH RESPONSE (HR) and
PHYTOCHROME A (PHYA) control the production of a graft-transmissible floral inhibitor, while two other genes,
GIGAS (GI) and LATE FLOWERING (LF) control the production or sensing of the floral promoter. We are using several
strategies to clone pea flowering genes and pea homologues of flowering genes from Arabidopsis and other species,
following a degenerate primer approach, PCR-select cDNA subtraction and by using differential display of total RNA.
So far, we have cloned the Arabidopsis GIGANTEA homologue in pea. We will discuss the characteristics and the
expression pattern of the PsGIGANTEA gene and other candidate genes in an array of pea mutants involved in flowering
and/or phytochrome signaling.
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Studying Jasmonate and Wounding Signal Transduction With Natural Variation

Daniel J Kliebenstein, Antje Figuth and Thomas Mitchell-Olds
Max Planck Institute for Chemical Ecology
Jasmonic acid (JA) mediates plant responses to pathogen infection, insect herbivory, wounding and a host of other
stresses. Currently, the molecular mechanism of JA signal transduction is primarily studied via mutant analysis. This
approach identified major components of the JA signal transduction pathway (COI1, JAR1, etc.). However, several
elements of the pathway have yet to be elucidated.
Ja and wounding induce the accumulation of indole glucosinolates and alter the production of long chain aliphatic
glucosinolates. We are studying the regulation of glucosinolates to further understand JA signal transduction. Quantifying
glucosinolate concentration by HPLC analysis allows us to quantify the effects of JA signalling. A screen for natural
variation in eight ecotypes identified at least two different JA signal transduction variants controlling glucosinolate
biosynthesis. We are currently mapping the underlying QTLs influence these pathways. These pathways differ from the
pathway that generates increased ozone sensitivity in Cvi.
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cryptic precocious, a novel mutation enhancing the FT action in promoting floral
transition

Yasushi Kobayashi and Takashi Araki
Department of Botany, Division of Biological Science, Graduate School of Science, Kyoto University, Kyoto
606-8502, Japan
Floral transition in Arabidopsis is promoted by several interacting pathways. A photoperiod-dependent pathway
mediates signals from photoreceptors to a transcription factor CONSTANS, which activates downstream genes such as
FT. Photoperiod-independent pathways, mediated by genes such as FCA, also activate FT. To elucidate pathways
downstream of or in parallel with the FT function, we took genetic approaches. We screened EMS-mutagenized 35S::FT
plants for enhancers and suppressors of the precocious flowering phenotype. We isolated a semi-dominant enhancer
which represents a novel locus, CRYPTIC PRECOCIOUS (CRP) and five recessive suppressors from four loci.
The crp mutation strongly enhanced 35S::FT phenotype and had no rosette leaves. However, crp did not significantly
enhance 35S::LFY phenotype. In the absence of the 35S::FT transgene, crp did not show any apparent mutant phenotype
through all growth phases, and showed only slightly early-flowering phenotype in both long-day and short-day conditions.
CRP locus was mapped to the top of chromosome 4. Genetic and physiological characterization of crp mutation and
progress toward map-based cloning will be presented and possible roles of CRP in floral transition will be discussed.
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ILR2, a novel gene involved in auxin conjugate resistance and lateral root formation

Mónica Magidin, Bonnie Bartel
Rice University
Indole-3-acetic acid (IAA) is the most common naturally occurring auxin. Auxins are involved in virtually every
aspect of plant development, making it important for plants to precisely regulate active IAA levels. One mechanism to
regulate active IAA is conjugation to amino acids or sugars. These less active auxin conjugates constitute the majority of
IAA found in plants. The Arabidopsis mutant ilr2 was isolated as an IAA-leucine resistant mutant that retains wild-type
sensitivity to free IAA in a screen designed to identify genes important for IAA conjugate homeostasis (Bartel & Fink,
1995, Science 268:1745-1748). ilr2 is resistant to IAA-Leu and IAA-Phe, but not to other conjugated forms of IAA. It is
also defective in lateral root formation and primary root elongation. We used a map-based approach to clone the gene
defective in the ilr2 mutant, which maps to the bottom of chromosome III, between the markers nga162 and GL1. The
ILR2 gene codes for a novel protein that is polymorphic between Arabidopsis ecotypes. ILR2 expression is diversely
regulated in these ecotypes. Current studies directed towards analyzing the protein expression and localization will
elucidate its role in IAA conjugate metabolism and lateral root formation.
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Loss of FLOWERING LOCUS C Activity Eliminates the Late Flowering Phenotype of
FRIGIDA and Autonomous Pathway Mutations but Not Responsiveness to
Vernalization

Scott D. Michaels and Richard M. Amasino
Department of Biochemistry, University of Wisconsin, 433 Babcock Drive, Madison, Wisconsin 53706-1544
The MADS domain-containing transcription factor FLOWERING LOCUS C (FLC) acts as an inhibitor of flowering
and is a convergence point for several pathways that regulate flowering time in Arabidopsis. In naturally occurring late
flowering ecotypes, the FRIGIDA (FRI) gene acts to increase FLC levels, whereas the autonomous floral promotion
pathway and vernalization act to reduce FLC expression. Previous work has shown that the Landsberg erecta allele of
FLC, which is not a null allele, is able to partially suppress the late flowering phenotype of FRIGIDA and mutations in
the autonomous pathway. In this study, using a null allele of FLC, we show that the late flowering phenotype of FRIGIDA
and autonomous pathway mutants are eliminated in the absence of FLC activity. In addition, we have found that the
down regulation of SUPPRESSOR OF OVEREXPRESSION OF CONSTANS1 by FRI and autonomous pathway mutants
also is mediated by FLC. Complete loss of FLC function, however, does not eliminate the effect of vernalization. Thus,
FRI and the autonomous pathway may act solely to regulate FLC expression, whereas vernalization is able to promote
flowering via FLC-dependent and FLC-independent mechanisms.
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Genetic Analysis of Indole-3-Butyric Acid Response Mutants

Melanie Monroe-Augustus, Bethany K. Zolman, A. Raquel Adham, Illeana D. Silva, and Bonnie Bartel
Rice University, Department of Biochemistry and Cell Biology
Auxins are an important class of plant hormones involved in many aspects of plant growth and development, including
apical dominance, vascular development, stem elongation, lateral root initiation, phototropism, and gravitropism. Indole3-butyric acid (IBA) is an endogenous auxin that is widely used in agricultural and commercial settings because of its
strong induction of lateral roots. There are two proposed mechanisms of IBA action in plants. IBA may function solely
via its conversion to the more abundant endogenous auxin, indole-3-acetic acid, by a process similar to fatty-acid βoxidation in peroxisomes. Alternatively, IBA may act via its own signaling pathway, independent of IAA. To elucidate
the mechanisms of IBA action in vivo,we have isolated 24 Arabidopsis IBA-response (ibr)mutants that are insensitive to
the inhibitory effects of IBA on primary root elongation but that remain sensitive to the effects of IAA (Zolman et al.,
2000, Genetics 156:1323). These mutants have been characterized and grouped into distinct phenotypic classes. Defects
in growth in the absence of exogenous sucrose indicates some of the mutants are defective in enzymes acting in peroxisomal
β-oxidation and, therefore, the conversion of IBA to IAA. Other mutants have normal peroxisomal function but abnormal
responses to synthetic auxins and auxin transport inhibitors. In addition, a number of ethylene resistant mutants are
resistant to the inhibitory effects of IBA but sensitive to IAA. These results indicate that IBA does act via its conversion
to IAA in Arabidopsis, but is also distinct from IAA based on differences in transport and interactions with other hormones.
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Identification of new mutations that alter seed ABA responsiveness in Arabidopsis
using a stereoisomer of abscisic acid

Eiji Nambara1,2, Suzanne Abrams3, Peter McCourt1
1
Department of Botany, University of Toronto, Toronto, CANADA, 2Plant Science Center, RIKEN, Wako,
JAPAN, 3NRC-PBI Saskatoon CANADA
Abscisic acid (ABA) regulates numerous of physiological processes including seed dormancy and adaptive response
to desiccation. Although genetic approach have been successful in the identification of genes that regulate ABA
responsiveness during germination, it is not clear how ABA regulates germination at a molecular level. Recent studies
on mutations that reduce ABA sensitivity (abi3, abi4, abi5) suggests these genes define overlapping functions that
determining the sensitivity of the seed to ABA. To identify new genes involved in ABA responses during germination
which may not be easily identified by conventional ABA mutant screens we have taken advantage of (-)-ABA, a
stereoisomer of the natural occurring (+)-ABA isomer. The (-)-ABA isomer produces a milder physiological response
compared to (+)-ABA in Arabidopsis. To date, we have identified more than 20 independent mutants defective in their
germination response to (-)-ABA. Although most of the mutants appear to be less sensitive to both (+)-ABA and (-)ABA, the sensitivity to these ABA isomers is differentially affected by various mutations. For example, the abi4 mutations
cause less sensitivity to (-)-ABA, while the abi5 mutations appear to cause less sensitivity to (+)-ABA in seeds. A
number of new loci have been identified that show differential sensitivity to the ABA stereoisomers and one of these,
CHOTO1 (CHO1), has been molecularly identified by map-based cloning. The CHO1 gene appears to encode an AP2type transcription factor.
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Gibberellin-responsive genes during germination of Arabidopsis seeds.

Mikihiro Ogawa, Shinjiro Yamaguchi, Yuji Kamiya
Plant Science Center, RIKEN, 2-1 Hirosawa, Wako-shi, Japan
Gibberellin (GA) plays an essential role during germination of Arabidopsis seeds. Seeds of the severe GA-deficient
mutant ga1-3 require exogenous GA for germination. To understand GA response and its interaction with other signaling
pathways during seed germination, we have analyzed GA-dependent gene expression using the oligonucleotide-based
DNA microarray (GeneChip, Affymetrix) in the non-germinating ga1-3 seeds. This system enables us to screen about
8,300 genes. Our data indicated that more than 500 genes were differentially expressed between the GA-treated and nontreated samples, which is consistent with the dramatic effects of GA on seed germination. At earlier time points (1 and
3 h after the treatment), much fewer genes were determined to be GA-responsive. We confirmed GA-responsive gene
expression for some of these genes using RNA gel blot analysis and/or RT-PCR. The GA-upregulated genes include
those encoding proteins involved in cell elongation, such as expansin and xyloglucan endotransglycosylase. Our results
also showed that genes encoding GA biosynthesis enzymes are downregulated by GA treatment, consistent with the
negative feedback inhibition of the GA biosynthesis pathway. We will examine whether these genes are expressed in
response to an increase in the endogenous GA synthesis in imbibed wild-type seeds. We also plan to use these GAresponsive gene markers to understand how the GA response pathway interacts with other endogenous and environmental
signals controlling seed germination.
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Functional Analysis of the MADS-box gene AGL31

Ying Pan and Michael R. Schläppi
Marquette University, 530 N. 15th St., Milwaukee, WI 53233
We are analyzing the MADS-box gene AGL31 for its possible function in regulating flowering time of Arabidopsis
thaliana. AGL31 is one member of a cluster of four tandemly-repeated MADS-box genes located at the bottom of
Chromosome V, which are closely-related to each other and showing sequence homology with FLOWERING LOCUS C
(FLC). Because FLC is a central repressor of the floral transition, we hypothesize that AGL31 may function to regulate
flowering time.
Functional analyses of AGL31 are carried out via both gain-of-function and loss-of-function strategies. We have
identified a possible knockout mutant from T-DNA mutagenesis lines and are over-expressing AGL31 from a constitutive
promoter in transgenic plants. The phenotypes of the transgenic plants will be discussed.
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Characterizing the Role of the CKI1 Histidine Kinase in Arabidopsis thaliana

Melissa S. Pischke1, Donna E. Fernandez 2, Michael R. Sussman1
Department of Genetics, 2Department of Botany, University of Wisconsin, Madison, WI 53706
CKI1 (cytokinin-independent) was the first non-ethylene receptor hybrid kinase discovered in Arabidopsis. The
putative protein structure, combined with evidence that Arabidopsis calli overexpressing CKI1 exhibit a “cytokininindependent” phenotype (1), led to the idea that CKI1 is involved in cytokinin signaling, perhaps acting as a cytokinin
receptor. To test the function of CKI1 in planta, we have used a reverse genetic approach to identify plants with a T-DNA
insertion in CKI1. Two independent alleles were identified, which produce the same effect on plant development. Analyses
of populations segregating the cki1-1 (within the third exon) or cki1-3 (600 bases upstream of the ATG) T-DNA insertion
allele failed to reveal any homozygous cki1 plants, suggesting that the homozygous condition is lethal. Based on data
from reciprocal crosses, as well as a close examination of developing siliques, we suggest that CKI1 function is required
for female gametophyte development. A closer examination of the female gametophyte defects, as well as investigations
of where and when CKI1 is expressed at other stages in Arabidopsis development, are currently underway. Our work
with CKI1 mutants indicates that signal transduction via a His/Asp phosphorelay system may play an important and
previously unsuspected role in female gametophyte development in Arabidopsis. 1. Kakimoto, T. (1996) Science274,
982-985. This work was supported by an NSF graduate research fellowship.
1
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Analysis of degradation of proteins important for a plant hormone response

Jason A. Ramos, Nathan T. Zenser, Judy Callis
Section of Molecular and Cellular Biology, University of California-Davis
The goals of this study are to determine the degradation rates of proteins important in the auxin response. We have
previously shown that a full-length Aux/IAA protein from Pisum sativum, PSIAA6, acts as a transferable degradation
signal when fused to the reporter enzyme, firefly luciferase (LUC) (Worley et al., 2000). We report further on defining
this degradation signal. The major cis-acting signal does not include PSIAA6 amino acid residues 71-179, which contain
domains III and IV conserved among members of the Aux/IAA family of proteins. In addition, we report that an additional
Aux/IAA protein from Arabidopsis thaliana, IAA1, when expressed as a fusion protein with LUC, acts as a transferable
degradation signal. Its half-life, as measured by LUC activity in cycloheximide chase experiments on transgenic seedlings,
is statistically no different than that observed for PSIAA6::LUC. To determine the protease machinery involved in Aux/
IAA degradation, we tested the ability of proteasome inhibitors to affect the accumulation of an Aux/IAA::LUC fusion
protein in vivo, and observed a 3 to 8-fold steady-state increase in the Aux/IAA::LUC fusions tested.
Worley, C.K., Zenser, N., Ramos, J., Rouse, D., Leyser, O., Theologis, A., and Callis, J. (2000). Degradation of Aux/IAA proteins is essential
for normal auxin signaling. Plant J. 21, 553-562
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IAR1, a novel membrane protein involved in auxin homeostasis

Rebekah Rampey1, Jamie Lasswell2, and Bonnie Bartel1
1
Rice University, 2University of Wisconsin
The most common naturally occuring form of the plant hormone auxin is indole-3-acetic acid, or IAA. In Arabidopsis,
up to 95% of the IAA pool is found conjugated to small molecules such as amino acids. Although these conjugates likely
play an important role in the regulation of IAA levels within the plant, the genes and enzymes involved in IAA conjugate
metabolism are not yet well understood. We are investigating auxin homeostasis by isolating Arabidopsis mutants that
respond abnormally to IAA-amino acid conjugates. We identified a mutant, iar1, that is resistant to the inhibitory effects
of multiple IAA-amino acid conjugates on root elongation but that remains sensitive to free IAA. The IAR1 gene
encodes a protein with numerous transmembrane domains and several histidine-rich regions (Lasswell et al., 2000, Plant
Cell 12:2395-2408). The IAR1 protein has homologs in other organisms, including Drosophila, C. elegans, and mammals,
and is similar in molecular structure to the ZIP family of metal transporters from Arabidopsis and yeast. We are currently
determining the subcellular localization of IAR1 with a microsomal two-phase partition system. In addition, we have
isolated mutants that enhance or suppress the IAA-amino acid conjugate resistant phenotype of iar1 roots. The identification
of proteins that physically or genetically interact with IAR1 will aid in deciphering the role of IAR1 in IAA-conjugate
metabolism.
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Function of a MAP kinase pathway in plant HR-like cell death is salicylic acidindependent

Dongtao Ren, Kwang-Yeol Yang, Shuqun Zhang
Department of Biochemistry, University of Missouri-Columbia
Mitogen-activated protein kinase (MAPK) cascades play important roles in transducing extracellular signals into
cellular responses in yeast and animals. A MAPK cascade is composed of three interlinked kinases including a MAPK,
a MAPK kinase (MAPKK or MEK), and a MAPKK kinase (MAPKKK). An increasing body of evidence implicated
SIPK and WIPK, two tobacco MAPKs, as well as their orthologs in other species in plant defense responses. Recently,
NtMEK2, a tobacco MAPKK was identified as the upstream kinase for both SIPK and WIPK. Using a gain-of-function
approach, we found that the long-lasting activation of SIPK and WIPK by NtMEK2DD, an active NtMEK2mutant induces
HR-like cell death in tobacco. In addition, we discovered that AtMEK4 and AtMEK5, two Aabidopsis MAPKKs that
shares about 70% identity in amino acid sequence with tobacco NtMEK2 are functionally interchangeable with NtMEK2.
Expression of NtMEK2DD, AtMEK4DD or AtMEK5DD in Arabidopsis leads to the activation of endogenous AtMPK6 and
AtMPK3 and cell death. To examine if salicylic acid (SA), an important secondary signaling compound in plant defense
response is involved, we crossed NtMEK2DD and NahG transgenic Arabidopsis plants. NahG encodes the SA-metabolizing
enzyme salicylate hydroxylase. As a result, the SA-dependent responses in such transgenic plants are compromised.
Comparison of the phenotype of NtMEK2DD x NahG and NtMEK2DD x wild type plants indicated that SA is not required
for NtMEK2DD-induced cell death.
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Pathogen defense- and senescence-related gene expression is positively and
negatively modulated by a WRKY transcription factor

Silke Robatzek, Imre E. Somssich
Max-Planck-Institut f. Zuechtungsforschung
In Arabidopsis, WRKY factors comprise a large multigene family of plant-specific transcriptional regulators
controlling several types of stress responses. We present data showing that expression of one representative, AtWRKY6,
is influenced by several external and internal signals often involved in triggering plant defense reactions and senescence
processes. Furthermore, protein truncations as well as gain-of-function studies revealed that a novel type of nuclear
localization signal (NLS) mediates nuclear localization of AtWRKY6.To understand its regulatory role, we identified
several potential AtWRKY6 target genes by the use of an Atwrky6 null-mutant and an AtWRKY6 overexpression line.
One such candidate gene, SIRK, encodes a receptor-like protein kinase, whose expression is strongly induced only
during leaf senescence. The transcriptional activation of SIRK is AtWRKY6-dependent. Senescing leaves of Atwrky6
null-mutants showed a drastic reduction in SIRK transcript levels, whereas these levels were clearly elevated in green
leaves of the AtWRKY6 overexpressor lines. Furthermore, AtWRKY6 induced SIRK gene promoter activity in vivo.
Similarly, the promoter activity of the pathogenesis-related PR1 gene was also positively influenced by AtWRKY6. In
addition to its function as a trans-activator, AtWRKY6 also can act as a negative regulator. In particular, AtWRKY6
suppressed AtWRKY6 gene promoter activity indicating negative autoregulation. AtWRKY6 also repressed the promoter
activity of a closely related WRKY gene family member. Taken together, AtWRKY6 acts as a bifunctional transcriptional
regulator controlling both pathogen defense and senescence-related gene expression.
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A gain-of-function mutation in IAA28, an auxin-repressed gene, suppresses lateral
root development and alters auxin responses

Luise E. Rogg, Emily Sloan and Bonnie Bartel
Rice University, 6100 Main St. Houston TX 77005
Auxins are an important class of plant hormones that are implicated in most aspects of plant development, and thus
influence the overall size and shape of a plant. While the signal transduction pathways that sense and respond to auxin
remain mysterious, a number of genes undergo dramatic transcriptional alterations in response to auxin. For example,
the Aux/IAA genes were originally isolated based on strong and rapid transcriptional up-regulation induced by auxin.
Aux/IAA genes are primary response genes whose products are thought to regulate auxin-responsive transcription. We
cloned a new member of the Aux/IAA gene family, IAA28, based on the abnormal auxin responses and unusual auxinrelated adult phenotypes of a gain-of-function mutant, including decreased apical dominance and extremely reduced
lateral root formation (Rogg et al. (2001) Plant Cell 13: 465-480). In addition to auxin, the iaa28-1 mutant is also
resistant to inhibition of root elongation by cytokinin and ethylene, but responds normally to other phytohormones.
Northern analysis and promoter-GUS fusions demonstrate that IAA28 is strongly expressed in roots. IAA28 transcription
is up-regulated in response to cycloheximide, suggesting it is a primary response gene. However, IAA28 transcription
decreases upon auxin treatment, a response that differs from all other characterized members of the Aux/IAA gene
family. Experiments with the auxin-inducible BA-GUS construct suggest that IAA28 is a repressor of auxin-induced
transcription. IAA28 may encode a transcriptional repressor that functions to regulate the expression of genes that
promote lateral root initiation in response to auxin signals. We are testing this model by monitoring changes in IAA28
protein accumulation in response to various factors, identifying genetic suppressors of iaa28-1 and analyzing global
gene expression in the iaa28-1 mutant.
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FLC protein levels determine the magnitude of vernalization-responsive lateflowering.

Dean T. Rouse, Candice C. Sheldon, David J. Bagnall, W. James Peacock and Elizabeth S. Dennis.
CSIRO, Plant Industry, GPO Box 1600, Canberra ACT 2601, Australia. (Email: deanr@pican.pi.csiro.au)
The MADS-box protein encoded by FLOWERING LOCUS C (FLC) is a repressor of flowering that is down regulated
by vernalization. The level of FLC protein directly correlates with the magnitude of vernalization-responsive lateflowering in a range of Arabidopsis ecotypes and mutants. FLC antisense constructs in the fca-1 background severely
reduced the late-flowering fca-1 phenotype, indicating that in fca-1 and probably other autonomous pathway mutants
the late-flowering phenotype is due to upregulation of FLC (Sheldon et al. (2000) PNAS 97, 3753-3758). The vernalizationinduced decrease and genetically controlled changes in the level of FLC protein parallel that of the FLC transcript
(Sheldon et al., 2000), emphasizing that control is at the level of transcription or transcript stability. We show that the
epistatic groupings of fca/fy and fve/fpa, based on their effects on flowering-time (Koornneef et al. (1998) Genetics 148,
885-892), are consistent with their effects on FLC transcript and protein levels. We have also examined FLC protein
levels in a range of photoperiod and autonomous pathway double mutants (Koornneef et al., 1998) and show that FLC
levels account for an important component of the late-flowering phenotype of some of the double mutant lines.
The upregulation of FLC transcript and protein in vernalization-responsive mutants in the Landsberg erecta (Ler)
ecotype occurs to a much lesser extent in root than in aerial tissue; this is in contrast to other ecotypes in which FLC
protein levels are similar in both root and aerial tissues, suggesting that different FLC regulatory pathways may operate
in root and aerial tissue, and that Ler differs from other ecotypes in one or more loci involved in control of root specific
expression of FLC.
In C24 plants with high FLC levels, flowering in the absence of vernalization can occur without a decrease in FLC
protein levels. Another MADS-box gene, SOC1 (AGL20) is a promoter of flowering. SOC1 is negatively regulated by
FLC, however SOC1 levels can increase at flowering without an associated decrease in FLC protein. This suggests that
FLC mediated inhibition of SOC1 expression can be circumvented via another pathway.
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Interactions of the COP9 signalosome and protein degradation pathways

Claus Schwechheimer, Giovanna Serino, Xing-Wang Deng
Yale University
The COP9 signalosome is an evolutionary conserved multi-protein complex of unknown function that acts as a
negative regulator of photomorphogenic seedling development in Arabidopsis. We have recently found that plants with
reduced COP9 signalosome levels show decreased auxin-response similar to loss-of-function mutants of the E3 ubiquitin
ligase SCFTIR1. Furthermore, we have evidence for a physical interaction between the COP9 signalosome and SCFTIR1.
AUX/IAA proteins are candidate substrates of SCFTIR1 and we found that AUX/IAA proteins are inefficiently degraded
in COP9 signalosome mutants. Thus, the COP9 signalosome may play an important role in mediating auxin-response
via interactions with SCFTIR1. A possible role of the COP9 signalosome in mediating other E3 ubiquitin ligase-requiring
processes will be discussed.
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SLEEPY1, a GA-response gene of Arabidopsis.

Jonathan Soule, Karen McGinnis, Camille Steber
USDA-ARS and Washington State University (csteber@wsu.edu)
sleepy1 (sly1) is a recessive GA-insensitive mutant displaying the full spectrum of phenotypes expected in a GA
mutant. sly1 is a dark green severe dwarf with reduced fertility and increased seed dormancy. Interestingly, the seed
dormancy phenotype of sly1 has varying degrees of expressivity. Some seed lots of sly1 will show high levels of
germination, while others show only 10-20% germination. This phenotype is subject both to afterripening and secondary
dormancy. Those seed lots that germinate well have increased sensitivity to ABA compared to wild type. For example,
a seed lot of sly1-10 giving 97% germination in the absence of hormone, gives 17% germination on 0.3 microM ABA
and 0% germination on 0.6 microM ABA. Currently, we are performing ultrastructural analyses of hyper-dormant sly1
seed to see if this phenotype correlates with any apparent anatomical characteristics. In an effort to learn where SLY1 fits
into the GA signal transduction pathway, we are performing a double mutant analysis of sly1 versus rga-2 and spy1-4.
Although rga-2 rescues dwarfism in the GA biosynthetic mutant ga1-3, it fails to rescue dwarfism in sly1-10. One
interpretation is that SLY1 acts downstream of the RGA transcription factor. In contrast, spy1-4 partially rescues the
dwarfism of sly1-10. This may point to an additive effect of these mutants. We are in the process of cloning SLY1 by
map-based cloning.
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Dissecting auxin signalling: Isolation of genetic interactors with AXR3

Mimi Tanimoto, Petra Stirnberg, Ottoline Leyser
University of York, UK
AXR3/IAA17 is a member of the Aux/IAA family of early auxin-induced transcriptional regulators from Arabidopsis.
Aux/IAA proteins are extremely unstable and share 4 highly conserved domains. Sequence analysis suggests that domains
I and II mediate protein-protein interactions. Furthermore, semi-dominant mutations in domain II of AXR3 result in an
increased magnitude of auxin responses associated with higher stability of the protein. To find novel members of the
auxin signalling pathway, we are searching for genes that interact with AXR3. We have isolated a second-site partial
suppresser of the axr3-1 gain of function phenotype, pax1-1. The pax1-1 single mutant is recessive to wild type and
shows pleiotropic phenotypes suggestive of altered auxin and gibberellin responses. pax1-1 represses expression of an
AXR3 promoter::GUS reporter in transgenic Arabidopsis. Double mutant analysis suggests that PAX1 also interacts
with other members of the Aux/IAA family. In addition, we have isolated proteins that appear to interact with domain I
and/or II of AXR3 in the yeast two-hybrid system.
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DAG1 and DAG2: two transcription factors involved in seed germination in
Arabidopsis.

P. Vittorioso, G. Gualberti, M. Papi, I. Ricci, and P. Costantino
Dept.Genetics and Molecular Biology University of Rome “La Sapienza”
The Dof proteins are transcription factors widely distributed within the plant kingdom, characterized by a strongly
conserved zinc finger domain. The conservation of this domain, coupled with the presence of the Dof transcription
factors in all plants, suggests a crucial role of these proteins in regulating functions typical of plants. By means of a
reverse genetics approach, we demonstrated that the Arabidopsis Dof protein DAG1 is involved in the maternal control
of seed dormancy and germination (Papi et al. 2000, Gen. & Dev. 1). The phytochrome–mediated pathway for seed
germination is still required in dag1-1 mutant seeds as a far-red light pulse is inhibitory. We subsequently identified a TDNA insertion line in another uncharacterized gene of the Arabidopsis Dof family, and the corresponding gene was
denominated DAG2 for its sequence similarity with DAG1 (76,2% aminoacidic identity). dag2-1 was shown to be a
knock-about mutant, as the N-terminus of DAG2 is expressed in translational fusion with the GUS gene. Both DAG1
and DAG2 show a tissue-specific expression localized in the vascular tissue in the whole plant. The dag2-1 mutant line
is less sensitive to all the parameters that promote germination, such as vernalization, light and GAs, thus showing an
opposite phenotype as compared to dag1-1 .DAG1 and DAG2 might thus be involved in interacting pathways or even
regulate with opposite roles the same gene(s), based on their overlapping expression patterns and on the opposite phenotype
of the respective mutants. We have performed an ESTs-microarray screening to identify genes that are differentially
expressed in the dag1 and dag2 mutants as compared to the wild type, with the aim of identifying the targets of DAG1
and DAG2. This will allow to shed light on the mechanism of red light–induced seed germination in Arabidopsis and to
establish whether DAG2 and DAG1 have opposite effects in controlling the same regulatory circuits. In addition, ongoing
transient expression experiments by particle gun transformation will assess the respective regulatory roles of the DAG1
and DAG2 proteins.
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The Isolation and Characterisation of sar1 and Other Suppressors of axr1.

Sally Ward, Liqun Jiang and Mark Estelle
University of Texas at Austin
The auxin resistant mutant axr1 displays defects in apical dominance, lateral branching of both roots and shoots and
hypocotyl elongation. These and other phenotypes such as reduced accumulation of the SAUR and IAA transcripts are
consistent with a defect in auxin response.The AXR1 gene encodes the N-terminal half of a RUB-activating enzyme,
analogous to the E1 ubiquitin-activating enzyme (Del Pozo et al. Science 1998. 280: 1760-1763). AXR1 functions as a
hetero-dimer with ECR1, an E1 C-terminal like protein, to activate RUB, a ubiquitin-like protein. RUB is conjugated to
a cullin AtCUL1, in an AXR1-dependent manner. AtCUL1 is part of an E3-ubiquitin ligase SCF complex along with
SKP1, RBX1 and an F-box protein TIR1 (Gray et al 1999. Genes Dev. 13: 1678-1691). This complex may function to
degrade repressors of auxin action.
The sar1 (suppressor of axr1) mutant was isolated as suppressing the auxin resistant root defect of axr1 and has been
demonstrated to suppress virtually every aspect of the axr1 phenotype (Cernac et al. 1997 Dev. 124: 1583-1591). Genetic
studies indicate that sar1 may function downstream of AXR1, suggesting that SAR1 may be a target of the pathway.
Interestingly, sar1 does not suppress the tir1 mutant indicating that it is unlikely to be a target of the TIR1 SCF complex.It
may however be a target of one of the TIR1-related proteins or it may have some other function in the pathway. A
positional cloning strategy is being used to address the question of the role of SAR1 in this pathway. Sar1 maps to an
approximately 100 kb region on chromosome 1 between m253 and mi423a. A cosmid contig is currently being assembled
through this region.
Seedlings grown in the light at high temperature exhibit dramatic hypocotyl elongation, a growth response which is
proposed to be associated with increased flux through the auxin response pathway and which is absent in the axr1
mutant (Gray and Estelle 1998. PNAS 95:7197-7202). A screen to identify suppressors of this axr1 hypocotyl defect
identified a number of new mutants. Data will be presented on both the recessive sar3 and semi-dominant sar6 mutants.
Both mutants map close to the bottom of chromosome 1.
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Genetic studies of IAA supersensitivity

Andrew Woodward, Mónica Magidin, & Bonnie Bartel
Rice University
Auxins affect many aspects of plant growth and development through regulation of gene expression and cell growth.
It is therefore essential for plants to temporally and spatially regulate the amount of active auxin. The known auxin
resistant mutants suggest that auxin homeostasis is dependent, at least in part, on negative regulation. We designed a
screen that led to the identification of two Arabidopsis auxin supersensitive (axs) mutants defective in this regulation.
The axs mutants have an increased number of lateral roots when grown at 28º, a condition known to induce auxin
accumulation. Both mutants are deficient in root waving and curling, which are associated with auxin transport. axs2 is
resistant to root elongation and lateral root inhibition in response to the auxin transport inhibitors NPA and TIBA. Using
recombination mapping, we have localized the gene defective in axs2 to the bottom of chromosome I, between the
markers nga280 and nga111. In addition, we are using reverse genetics to analyze candidate negative regulators of auxin
homeostasis in Arabidopsis.
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BRI1 Homologues Are Potential BR Receptors

Cong Yu1, Yanhai Yin2, Janet Cheng1, Kyoung Hee Nam1, Jose Alonso3, Joe Ecker3, Joanne Chory2, Jianming Li1
1
Department of Biology, University of Michigan, Ann Arbor, MI 48105, 2 Howard Hughes Medical Institute
and, 2, 3 Plant Biology Laboratory, The Salk Institute, La Jolla, CA 92037
BRI1 is a member of the leucine-rich-repeat (LRR) receptor-like kinase (RLK) family and functions as a component
of a plasma membrane brassinosteroid (BR) receptor. Database searches identified three Arabidopsis genes encoding
proteins that display significant sequence identity with the BRI1 protein and contain the characteristic 70 amino acids
island domain, which is critical for the perception of BR signals by BRI1. Expression of two of the three genes under the
control of the BRI1 promoter rescues bri1 mutant phenotypes, indicating that these two genes encode functional BRI1
homologues. Promoter-GUS-fusion analyses reveal that all three genes are mainly expressed in the vascular tissues of
various plant organs, raising an interesting possibility that all three proteins might mediate BR signaling involved in
vascular development. To test this idea, we screened several collections of Arabidopsis T-DNA insertional lines and
identified a knockout mutant for each of the three genes. Careful examination of these single mutants did not reveal any
noticeable morphological change. Such an observation is not surprising since these genes share a very high degree of
sequence identity and similar expression pattern and might well be performing redundant functions in a specific BRregulated process. Double and triple knockout lines are currently being constructed to reveal their functions in plant
development.
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Dynamic Changes in the Expression Levels of Ethylene Receptors from Arabidopsis

Xue-Chu Zhao1, Xiang Qu1, Todd A. Richmond2, G. Eric Schaller1
Dept. of Biochemistry, University of New Hampshire, Durham, NH 03824, 2 Dept. of Plant Biology, Carnegie
Institution of Washington, Stanford, CA 94305
Hormone responses can be modulated by varying receptor levels as well as by varying hormone levels. We examined
expression levels of ethylene receptors in Arabidopsis using DNA microarrays. Expression of the ethylene-receptors
ETR2, ERS1, and ERS2 was stimulated in the constitutive ethylene-response mutant ctr1-2 compared to the ethyleneinsensitive mutant etr1-1. Exposure of plants to salt-stress resulted in reduced expression of the ethylene receptors
ETR1, ETR2, and ERS1. Western blot analysis was used to confirm changes in ETR1 and ETR2 at the protein level. The
effect of ethylene-pathway mutants upon expression of the ethylene-receptor ETR1 was also examined. For this purpose,
ETR1 protein levels were quantified in mutant backgrounds containing receptor loss-of-function mutations, ethyleneinsensitive mutations and constitutive ethylene-response mutations. Our results indicate that expression of the ethylene
receptors is dynamically regulated in plants and that this could affect signaling through the ethylene signal-transduction
pathway. Our results also suggest that ethylene signal-transduction plays a role in the salt-stress response of plants.

1
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RNA directed promoter methylation and transcriptional gene silencing in
Arabidopsis thaliana

Werner Aufsatz, Michael Florian Mette, Johannes van der Winden, Marjori A Matzke, Antonius J M Matzke
Institute of Molecular Biology, Austrian Academy of Sciences, Billrothstrasse 11, A-5020 Salzburg, Austria
Homology-dependent gene silencing can occur transcriptionally or post-transcriptionally, affecting either mRNA
synthesis in the nucleus or mRNA stability in the cytoplasm. Because of the sequence specificity of both processes,
nucleic acid interactions such as DNA-DNA or RNA-DNA pairing for transcriptional and RNA-RNA pairing for posttranscriptional gene silencing are likely to be involved. Double stranded RNA is known to induce a post-transcriptional
gene silencing process, termed RNAi, in diverse organisms. Recent studies (1,2) showed that double stranded RNA
containing promoter sequences triggers transcriptional gene silencing of a non-linked homologous target promoter in
tobacco and Arabidopsis. This process is accompanied by de novo methylation of the target promoter and the presence
of small RNAs approximately 23 nucleotides in length which are produced by cleavage of the promoter double stranded
RNA. RNA hairpins transcribed from inverted DNA repeats were the most effective trans-acting silencing signals. A
similar approach was used to selectively silence and methylate a single member of an endogenous gene family with very
conserved open reading frames but distinct promoter regions.
Different mutant alleles of genes known to be involved in either transcriptional or post-transcriptional gene silencing
in Arabidopsis have been crossed into our silencing system. Conclusions from these studies will be discussed. A mutant
screen for target promoter reactivation in the presence of the trans-silencing signal is in progress.
This work has been supported by grants from the Austrian “Fonds zur Förderung der wissenschaftlichen Forschung”
(Z21-MED).
1. Mette MF et al. (1999) EMBO J. 18: 241-248 2. Mette MF et al. (2000) EMBO J. 19: 5194-5201
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Identification of a gene that controls non-CG methylation in Arabidopsis

Lisa Bartee and Judith Bender
Johns Hopkins School of Public Health
We are using the methylated endogenous phosphoribosylanthranilate isomerase (PAI) genes in the Arabidopsis
strain WS to identify trans-acting factors that affect PAI methylation. In the WS strain of Arabidopsis there are four
genes encoding the PAI enzyme: PAI1 and PAI4 arranged as a tail-to-tail inverted repeat, and singlet PAI2 and PAI3
genes. These four genes are methylated over their regions of DNA identity at both CG and non-CG cytosines. Of the four
WS PAI genes, only the PAI1 and PAI2 genes encode functional PAI enzyme. The PAI2 gene is silenced by methylation,
but the PAI1 gene is expressed despite methylation, accounting for the wild type WS phenotype. To facilitate genetic
analysis of this system, we isolated a WS mutant with a missense mutation in the coding sequence of the expressed PAI1
gene. The mutant displays a strong blue fluorescent phenotype as well as decreased size and fertility resulting from the
drastic decrease of PAI enzyme activity, but the four PAI genes remain methylated and the structure of the inverted
repeat is not impaired. In this pai1 reporter strain, any mutations that act to reduce the silencing of the functional PAI2
gene can be easily identified by a reduced-fluorescence phenotype.
A mutant recovered from this screening strategy displayed greatly decreased seedling fluorescence and moderately
decreased adult plant fluorescence as well as increased size and fertility. Analysis of methylation levels on the PAI genes
by Southern blot and bisulfite genomic sequencing showed a substantial decrease in non-CG methylation. Since the
PAI2 promoter contains mostly non-CG cytosines, loss of their methylation accounts for the reactivation of PAI2 expression
and the reduction of PAI-deficient phenotypes. A decrease in non-CG methylation was also detected at centromeric and
rDNA repeat sequences, consistent with the pattern observed for the PAI genes. The mutant locus was cloned by positional
methods, and characterization of the gene product will be presented.
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SLO: A FACTOR DEFINING AN ETHYLENE PATHWAY IN PARALLEL TO ETR1 AND
EIN2?

S. Bertrand, C.Zhang, J.Smalle, M.Haeman, E.Fostier, and D.Van Der Straeten
Vakgroep Moleculaire Genetica en Department Plantengenetica, Vlaams Interuniversitair Instituut voor
Biotechnologie, universiteit Gent,
SLO : A FACTOR DEFINING AN ETHYLENE PATHWAY IN PARALLEL TO ETR1 AND EIN2? S. Bertrand, C.
Zhang, J. Smalle, M. Haegman, E. Fostier, and D. Van Der Straeten Vakgroep Moleculaire Genetica en Departement
Plantengenetica, Vlaams Interuniversitair Instituut voor Biotechnologie, Universiteit Gent, K.L. Ledeganckstraat 35, B9000 Gent, Belgium Ethylene is a unique gaseous signalling molecule, with a simple molecular structure. It has multiple
effects in development and in response to numerous forms of stress. By using the triple-response assay for isolation of
ethylene mutants, the ethylene-signalling pathway has already been well-described (Chang et al., 1999). However,
several facts suggest the existence of additional components in ethylene signalling. To identify additional components in
ethylene signalling, novel screening methods were designed (Smalle and Van Der Straeten, 1997; Smalle et al., 1997).
Consequently, slo, a leaf emergence mutant defining a new locus involved in ethylene-regulated development was
isolated. The slo mutation causes a reduction in cell expansion, and a general delay in phase transitions. Thus, when
compared to wild type and relative to the preceding phase transition, slo is retarded in germination, leaf emergence,
flowering, and senescence. Slo seedlings were less sensitive to the inhibitory effect of ACC on leaf expansion. On high
concentrations of ACC, not only wild-type plants but also the ethylene-insensitive mutants etr1-3 and ein2-1 showed a
strongly reduced leaf and root expansion, whereas sloetr1-3 and sloein2-1 double mutants remained virtually unaffected.
This enhancement effect reflects an increased insensitivity to ethylene as demonstrated both by using 1methylcyclopropene, an inhibitor of ethylene action, and by RNA gel blot analysis of ethylene-induced genes in slo,
etr1-3, ein2-1, and in double-mutant backgrounds. We propose that SLO acts in a pathway parallel to ETR1 and EIN2 in
mediating effects of ethylene on Arabidopsis development. The SLO gene cloning is in progress. et alet alsloslosloSloetr13ein2-1sloetr1-3sloein2-1slo, etr1-3, ein2-1

303

Isolation and characterization of proteins required for chromosome condensation
and sister chromatid cohesion during meiosis and mitosis

Xue Cai, Fugui Dong, Varsha Raja, Chris Makaroff
Miami University
Proper condensation, pairing and segregation of chromosomes are essential events in mitosis and meiosis. Cohesins
are proteins that are required for sister chromatid cohesion. Two different cohesin proteins have been identified in yeast.
One is essential for meiosis while the second functions mainly during mitosis. Much less is known about the proteins
required for chromosome condensation and sister chromatid cohesion in higher eukaryotes, in particular plants. Studies
in our laboratory are designed to identify proteins required for chromosome condensation and sister chromatid cohesion
and determine how they function. Forward and reverse genetic experiments are being used to isolate mutants of Arabidopsis
defective in chromosome condensation and cohesin. Arabidopsis contains four cohesin genes (SYN1-4). SYN1 is required
for meiosis. Syn1 plants are male- and female-sterile, exhibiting defects in chromosome condensation and pairing at
leptonema, followed by fragmentation of chromosomes. Protein localization studies have shown that SYN1 localizes to
meiotic chromosomes from interphase to metaphase I; it is not detectable after metaphase I or during mitosis. SYN2,
SYN3 and SYN4 are expressed throughout the plant with highest transcript levels present in meristematic cells. In
contrast to the syn1 mutation, mutations in syn2 have no detectable phenotype. SYN2 is detectable during interphase
and early prophase of cell cultures, but absent from late prophase and metaphase cells. Results from additional mutational
and protein localization studies will be presented.
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Chromatin modifications and transgene silencing

Shuang Chang and Craig S. Pikaard
Biology Department, Washington University,Saint Louis, MO 63130
A widely accepted hypothesis is that cytosine methylation signals the recruitment of histone deacetylases which
then modify chromatin to silence genes. This linear pathway is supported by the physical association of methyl binding
proteins with histone deacetylases. Also consistent with the model is the derepression of silenced rRNA genes in
interspecific hybrids using either aza-deoxycytidine (aza-dC; an inhibitor of cytosine methylation) or Trichostatin A
(TSA; an inhibitor of certain histone deacetylases), with no additive or synergistic affect of using both chemicals.
However, it is not known if the model is generally true. We screened A. thaliana GFP enhancer-trap lines to identify lines
containing silenced transgenes that could be derepressed by treatment with aza-dC or TSA. Of 23 lines identified (out of
approximately 750 screened), 18 showed release of GFP silencing by aza-dC but not by TSA. In addition to the lack of
redundancy, a surprising finding is that in aza-dC-responsive lines, TSA tends to antagonize the derepressing effects of
aza-dC. A. thaliana transgenic lines carrying silenced GFP genes that respond to aza-dC were screened for mutations
that can confer constitutive transgene expression. Several mutants have been identified and at least one displays a strong
ddm (decreased DNA methylation) phenotype. Interestingly, TSA treatment silences the otherwise constitutive GFP
expression in this mutant. These data suggest that cytosine methylation and histone deacetylation are not necessarily
linked in simple, linear gene silencing pathways.
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A suppressor screen of ein2-44 to identify genes regulating ABA sensitivity in seed
germination

Brenda Y. Chow, Peter McCourt
University of Toronto
The plant hormone abscisic acid (ABA) has a key role in regulating seed dormancy and germination. Generally, two
types of genetic screens have been employed to dissect the genetic pathway of this response (i.e. screening for mutants
that are either ABA-insensitive (abi) or have an enhanced response to ABA (era) in germination). To date however,
relatively few genes have been identified using these approaches. In an attempt to identify new genes, we have initiated
a suppressor screen in an ein2 background. The ein2 mutant was first isolated by its insensitivity to ethylene in the
seedling “triple response”, and more recently a new allele of ein2 (ein2-44, formerly era3-1) was selected for its enhanced
responsiveness to ABA at germination (Ghassemian et. al. 2000). We discuss the characterization of mutants from this
suppressor screen of ein2-44.
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A Novel Homeobox Gene in Arabidopsis thaliana

Gillian Fozzard and Keith Lindsey
University of Durham
Homeobox genes were first discovered more than 70 years ago when mutations which cause disturbance of body
plan in the fruitfly, Drosophila melanogaster were identified. Since then, homeobox genes have been found in a huge
diversity of animals, from earthworms to mammals, where they are involved in body plan organisation and patterning.
More recently, homeobox genes have been found in plants. Here their role is less clear cut and they appear to have roles
in other developmental and response processes as well as in patterning.
These genes encode transcription factors which contain a highly conserved region known as the homeobox within
their DNA sequence. The homeobox encodes a DNA binding domain of 60 amino acids which enables the homeodomain
protein to regulate transcription of the target gene.
Homeobox genes have now been isolated from various plant species, including the model plant Arabidopsis thaliana.
These plant homeobox genes can be divided into five families based on the sequence of the homeobox itself and of other
conserved domains.
This work describes the isolation of a novel plant homeobox gene from Arabidopsis thaliana using a 3' Random
Amplification of cDNA Ends (RACE) approach.
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Functional analysis of a senescence-associated acyl hydrolase gene in Arabidopsis

Yuehui He, Susheng Gan
Plant Physiology/Biochemistry/Molecular Biology Program, Agronomy Department and THRI, University of
Kentucky, N-122 Ag Sci Ctr-North, Lexington, KY 40546-0091
Leaf senescence is a genetically controlled developmental process that is believed to be driven by expression of
senescence-associated genes (SAGs). Thus far, only a limited number of SAGs have been isolated, and their functions are
unknown. In order to fully understand the biochemical components and molecular mechanisms underlying leaf senescence,
it is necessary to identify and characterize additional SAGs. We have employed enhancer trap strategy to identify SAGs
in Arabidopsis. By screening 1300 Arabidopsis enhancer trap line, 147 senescence enhancer lines (Sels) were found to
show expression of a reporter gene (GUS) in senescing leaves but not in non-senescing ones. Here we report the cloning
and functional characterization of SAG101 from one of the enhancer trap lines. Recombinant SAG101 fusion protein
overexpressed in E. coli possesses acyl hydrolase activity. Antisense RNA interference of SAG101 delayed the onset of
leaf senescence whereas inducible overexpression of this gene caused precocious leaf senescence in transgenic Arabidopsis.
These data suggest that SAG101 play a role in leaf senescence.
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RNA mediated transcriptional gene silencing of a seed specific promoter in
Arabidopsis thaliana

Tatsuo Kanno, Werner Aufsatz, Johannes van der Winden, Marjori Matzke and Antonius J. M. Matzke
Austrian Academy of Sciences, Institute of Molecular Biology, Department of Plant Molecular Genetics,
Billrothstrasse 11, A-5020, Salzburg, Austria
Double-stranded RNAs (dsRNA) that contain promoter sequences can trigger transcriptional inactivation in trans of
gene driven by a homologous promoter (1). Small RNAs ~23 nucleotides derived from dsRNA are implicated in this
dsRNA mediated transcriptional gene silencing phenomenon and in de novo methylation of the target promoter, but the
molecular mechanism(s) is still unclear. To investigate this silencing machinery, a tissue specific promoter system was
developed. In this system, several new aspects of the silencing machinery are expected to arise in silenced tissue vs. nonsilenced tissue in one plant. A seed-specific promoter (the α’ promoter, which drives expression of the gene encoding the
α’ subunit of the β-conglycinin protein in soy bean) was chosen as a target promoter. Transgenic target lines were
established for two different reporter genes (GUS and GFP), which were fused to the α’ promoter. Appropriate homozygous
target lines were supertransformed with a silencer construct designed to transcribe an inverted repeat of the target
promoter with short spacer sequences between the repeats by either the 35S promoter (constitutive promoter) or the
vicilin promoter (seed-specific promoter). Drastic reductions of reporter gene activity were observed in all target-silencer
combinations tested. Results of molecular analyses will be presented.
(1) Mette, M. F. et al. (2000), EMBO J. 19: 5194-5201.
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The XRN-family of 5’-3' Exoribonucleases in Arabidopsis thaliana

James P. Kastenmayer and Pamela J. Green
Michigan State University Deptartment of Energy Plant Research Laboratory; kastenma@msu.edu
We are studying the XRN-family in Arabidopsis with emphasis on the potential function of these enzymes in
cytoplasmic mRNA degradation. In Arabidopsis, the XRN-family consists of three enzymes, AtXRN2, AtXRN3 and
AtXRN4, which are orthologs of the yeast nuclear protein Xrn2p/Rat1p. Interestingly, the Arabidopsis genome does not
encode any orthologs of Xrn1p, the cytoplasmic enzyme responsible for the decay of the majority of mRNAs in yeast.
An additional difference between plants and yeast is that in yeast, insertion of poly(G) tracts into mRNAs results in the
accumulation of poly(G)-stabilized mRNA decay intermediates, while such intermediates have not been observed in
plant cells. Poly(G)-stabilized mRNA decay intermediates accumulate in yeast since Xrn1p is blocked by poly(G) tracts
and cannot efficiently degrade the RNA 3' of the poly(G) tract. The AtXRNs are also blocked by poly(G) tracts, indicating
that the absence of poly(G)-stabilized mRNA decay intermediates in plant cells is unlikely due to an AtXRN progressing
directly through the poly(G) tract. To further examine the potential role of the AtXRNs in mRNA degradation their
intracellular locations were investigated. Localization studies of AtXRN-GFP fusion proteins revealed that AtXRN2 and
AtXRN3 are targeted to the nucleus, while AtXRN4 accumulates in the cytoplasm. AtXRN4’s cytoplasmic location
indicates that it might have a function in mRNA degradation. Plants bearing T-DNA insertion mutations in the AtXRN4
gene have been identified. To investigate AtXRN4’s potential role in cytoplasmic mRNA degradation, cDNA microarrays
are being used to compare mRNA degradation in xrn4 mutants to mRNA degradation in wildtype. Funding provided by:
DOE, USDA and NSF
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Autonomous Minichromosomes in Arabidopsis

Kevin Keith, Daphne Preuss
The Unversity of Chicago
Arabidopsis has the most complete, contiguous nucleotide sequence of centromeric DNA in a higher eukaryote,
making it an excellent model organism for centromere studies. All five Arabidopsis centromeres have a similar
organization: large tracts of 180 bp repeat sequences flanked by repetitive DNA that is, surprisingly, interspersed with
unique DNA, including expressed genes. To determine which DNA elements are important for function, we have begun
to systematically test fragments from centromere 2 by building minichromomes and determining meiotic and mitotic
stability based on color assays. Constructs are being made with or without telomeres. Constructs with telomeres are
monitored for stability and autonomy, while constructs without telomeres are tested for end healing and autonomy or
integration into host chromosomes and possible dicentric formation. As a benchmark for stability we have also quantitated
fidelity of the five natural chromosomes.
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A mitochondria-targeted homologue of E.coli RecA in Arabidopsis thaliana

Fayaz R Khazi1 and Brent L. Nielsen2
1
Auburn University, Auburn AL 36849 and 2Brigham Young University, Provo UT 84602
Higher plant mitochondrial genomes contain repeated sequences that are proposed to be sites for homologous
intragenomic recombination. Although there are numerous reports attributing the fluidity of plant mitochondrial genomes
to recombination activity, there is little biochemical or genetic evidence for the existence of a definitive homologous
recombination mechanism in the mitochondria of plants. Here, we report the identification and analysis of a homologue
of E.coli RecA protein in A. thaliana that is targeted to the mitochondria.
The putative mitochondrial RecA was identified from the Arabidopsis genome database and a complete cDNA clone
was obtained from Kazusa DNA Research Institute, Chiba, Japan. The putative mt-RecA cDNA encodes a protein with
high sequence similarity to chloroplast-RecA and several bacterial RecA proteins. Phylogenetic analysis of 17 RecA
homologues showed that the mitochondrial RecA was most similar to chloroplast RecA. Interestingly, the sequence was
more similar to RecA proteins from the alpha subdivision of the phylum proteobacteria than to E.coli (gamma subdivision).
The predicted transit peptide was confirmed experimentally by targeting a recombinant transit peptide-GFP(green
flourescent protein) fusion protein to mitochondria in vitro. The over-expressed mitochondrial RecA protein crossreacted with anti-chloroplast RecA polyclonal antibodies indicating the conservation of epitopes between the two proteins.
Analysis of gene expression along with experiments to determine conservation of the gene in other plant species is in
progress. The His6-tagged mitochondrial RecA will be over-expressed in E.coli, and the purified protein will be used to
characterize strand-invasion activity, substrate specificity and ATP-dependence.
Research supported by the COSAM Dean’s Research Initiative (Auburn University), the Alabama Agricultural Experiment Station and a
Mentoring Award (Brigham Young University).

312

Identification and charaterization of a novel gene family encoding putative
transcriptional regulators in Arabidopsis

Jeong Hoe Kim, Hans Kende
MSU-DOE Plant Research Laboratory, Michigan State University
We have identified nine members of a GRF1-like (GRL) gene family in Arabidopsis genome. All deduced proteins
of the GRL family show the same characteristic features of transcription regulators and two conserved regions, the QLQ
and WRC domains, as does Os-GRF1 (van der Knaap et al., 2000; Plant Physiol 122;695-704). The C-terminal regions
of the GRL proteins are divergent with very limited similarity to the corresponding region of Os-GRF1 as well as to each
other. By using GAL4-based yeast system, we demonstrate that At-GRL1 shows transactivation activities for the reporter
genes such as LacZ and HIS3, indicating that the GRL gene family encodes putative transcriptional activators. RNA gel
blot analysis shows that all the GRLs except GRL9 are highly expressed in the shoot tips and flowers and, with exception
of GRL7 and GRL8, in roots as well. To investigate the expression pattern of GRL1 through GRL3 in detail, Arabidopsis
was transformed with promoter::GUS fusion constructs of each of these genes. At the seedling stage, the transformants
showed strong staining in the root meristem, pericycle, or elongation zones. In adult plants, carpels were stained in all
three of the transformants; both stems and pedicels were stained in GRL1::GUS and GRL3::GUS, but not in GRL2::GUS
transformants. These results indicate that GRL1 through GRL3 may play a role in both carpel development and in
elongating tissues such as stems, pedicels, and roots. To determine the function of GRL proteins, we have identified TDNA insertional mutants for GRL1 through GRL3. Sequencing showed that the grl1-5 has T-DNA insertion in the last
exon of GRL1, grl2-93 in the second exon of GRL2, and grl3-24 in last intron of GRL3. RNA gel blot analysis showed
that grl1-5 and grl2-93 mutants lack any detectable transcripts for either gene. We did not observe a phenotype for grl15 and grl2-93 under different growing conditions and at different developmental stages. We have constructed a grl1/grl2
double mutant and will assess phenotypical changes in the double mutant.
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The Role of DNA Methylation in Nucleolar Dominance

Richard J. Lawrence1, Z. Jeffrey Chen2, Craig S. Pikaard1
1
Washington Unviversity, 2Texas A&M
Plants that form interspecific hybrids, either naturally or synthetically, may silence parental ribosomal RNA gene
arrays and fail to form nucleoli in a phenomenon called nucleolar dominance. We have shown that in the allotetraploid
Arabidopsis suecica , which is derived from A. thaliana and A. arenosa , treating with the DNA methylation inhibitor
aza-dC and the histone deacetylation inhibitor TSA activates silenced A. thaliana genes that have been subjected to
dominance. The results of this experiment implicate chromatin effects in nucleolar dominance.
We have begun to investigate the role of DNA methylation in nucleolar dominance. Initial experiments show that
both active and silenced rDNA loci are relatively hypermethylated in the intergenic spacer and promoter region;
furthermore, particalar accessions of naturally derived A. suecica plants show differing degrees of methylation in this
region. These naturally occurring strains of A. suecica exhibit different degrees of dominance, but the degree of silencing
does not correlate with methylation status. This apparent lack of direct correlation between DNA methylation status and
degree of silencing lead one to believe that methylation may be acting at some other locus in nucleolar dominance;
however, a genetic approach is required to definitively identify molecular components of the methylation machinery
involved in establishing nucleolar dominance. Using reverse genetics, we have begun to investigate the role of gene
products that may be involved in nucleolar dominance. Recently, we have investigated the role of DDM1 in nucleolar
dominance by knocking out the gene in transgenic A. suecica using a dsRNA dominant negative strategy. Initial experiments
indicate that these experiments knock out expression of both the A. thaliana and A. arenosa DDM1 gene copies. Further
experiments will provide genetic and molecular evidence for the role of DNA methylation in nucleolar dominance.
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Transgene silencing is triggered by transcript level rather than DNA sequence
homology or site of T-DNA integration in the Arabidopsis thaliana genome

B. Lechtenberg1, D. Schubert1, A. Forsbach1, M. Gils2 and R. Schmidt1
1
Max-Delbrueck-Laboratorium in der MPG, Carl-von-Linne-Weg 10, 50829 Cologne, Germany; 2Icon
Genetics, Weinbergweg 22, 06120 Halle, Germany
A predictable and stable transgene expression is a prerequisite for the broad use of transgenic plants. But in
transformation experiments variability of transgene expression and even silencing of the transgene is frequently observed.
Gene silencing also seems to play a general role in gene regulation.
For a comprehensive study of transgene expression in A. thaliana, we established single copy T-DNA lines harbouring
reporter genes of distinct kind and numbers in many different genomic positions. We investigated in which way the copy
number of a transgene, its position or the presence of other reporter genes influenced its expression. Under the control of
the 35s promoter, we used the chimaeric ß-glucuronidase gene, the streptomycin-phosphotransferase gene and the gene
for the green fluorescent protein as reporter genes.
Below a certain number of identical transgenes we observed a positive correlation between copy number and reporter
gene expression. The expression is high, stable over all generations analysed and comparable between independent lines
carrying the same transgene copy number. Most importantly, characterisation of more than 70 independent single copy
T-DNA transformants revealed no case of silencing due to genome position.
As soon as a certain number of a particular transgene is reached silencing is triggered. This number is different for
distinct transgenes. In contrast, promoterless copies of a transgene do not induce silencing.
Different reporter genes in the same transformant are controlled independently, as long as the transgenes are expressed.
But if one transgene is silenced, due to copy number, other reporter genes are silenced as well, regardless of copy
number. Probably because the different transgenes share sequence homology in the 5’ and 3’-non-translated regions.
According to these results, triggering of transgene silencing is dependent on transcript level, rather than DNAsequence homology or the site of T-DNA integration within the A. thaliana genome. The presence of 25nt RNAs and
resetting at meiosis indicate a post transcriptional mechanism of gene silencing.
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The development of a screen for Arabidopsis mutants with altered TCH4 expression
profiles

Dennis Lee, Emanuil Iliev, Janet Braam
Rice University
The TCH4 gene in Arabidopsis is a mechanosensitive gene that responds to multiple stimuli besides touch, including
heat, cold, darkness, IAA, and BR. Evidence suggests that all of these stimuli may be perceived through their mechanical
properties. Little is known about the upstream signaling events that influence TCH4 expression. We have developed a
mutant screen with the goal of illuminating the molecular mechanisms which lead to TCH4 expression. The screen
searches for mutants with an altered level of expression of a firefly luciferase reporter gene controlled by the TCH4
regulatory region known to be responsive to all the known inducing stimuli. The conditions and procedures for the
screen have been established and at least one individual with a heritable phenotype has been isolated, proving the
viability of the screen. Isolation of mutants with altered expression of TCH4 will allow insight into the process of
mechanosensory signal transduction. These mutants may also help determine the physiological role of the TCH4 product,
a xyloglucan endotransglycosylase.
This work has been supported by DOE (DE-FG03-99ER 20331).
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Restricted chromosomal silencing in nucleolar dominance

Michelle S. Lewis and Craig S. Pikaard
Washington University
Failure of one parent’s chromosomes to form nucleoli in an interspecific hybrid is an epigenetic phenomenon
known as nucleolar dominance. Selective chromosomal silencing is involved and operates, at a minimum, on a scale of
several million basepairs, the size of a nucleolus organizer region (NOR). The full extent to which NOR-bearing
chromosomes are inactivated in hybrids has not been investigated. The recently completed genome sequence of Arabidopsis
thaliana allowed a determination of the extent of silencing in Arabidopsis suecica, the allotetraploid hybrid of A. thaliana
and A. arenosa. Both NORs of A. thaliana, spanning ~8 Mbp in total , are silenced in A. suecica whereas the NORs
inherited from A. arenosa are active. A. thaliana NOR4 abuts the telomere on chromosome 4, thus there are no genes
distal to the NOR. We show that the three nearest protein-coding genes flanking NOR4 on its centromere-proximal side
remain active in the hybrid despite the silencing of the distal ~4 Mbp. These data reveal that silencing is restricted to the
NOR and that repressed and active chromosomal regions in plant genomes can co-exist within several kilobases.
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Somatic and germinal excision activities of the Arabidopsis transposon Tag1 are
determined by distinct regulatory sequences within Tag1

Dong Liu, Rongchen Wang, Mary Galli and Nigel M. Crawford
Section of Cell and Developmental Biology, Division of Biology, University of California at San Diego, La Jolla,
CA 92093-011
Various sequence elements of Tag1, the endogenous transposon of Arabidopsis, were investigated to determine how
excision and expression are regulated. The 5’ intron of the major 2.3 kb Tag1 transcript was found to be critical for the
accumulation of Tag1 transcripts and for high rates of somatic excision. This was true for the autonomous element itself
and for a two component system using a CaMV 35S expression vector to produce Tag1 transposase and a GUS::dTag1
marker to score for excision. The 3’ introns of Tag1, although not needed for high transposase expression in primary
transgenic plants, were important for maintaining high levels of somatic excision and accumulation of the major but not
minor Tag1 transcripts in subsequent generations. With both 5’ and 3’ introns present, exchanging the 5’ promoter
region of Tag1 with the 35S promoter did not significantly affect the timing of Tag1 excision, but it did disrupt germinal
excision. Removal of the 5’ intron did not abolish germinal excision activity, however. These results indicate that
somatic and germinal excision of Tag1 are differentially controlled with the 5’ promoter region being critical for germinal
excision activity and the 5’ intron being important for somatic excision.

318

Centromere conformation and DNA methylation in Arabidopsis

Song Luo, Daphne Preuss
HHMI, University of Chicago
Centromeres undergo dramatic changes in morphology through the cell cycle, alternating between an extended
conformation during cell growth and a condensed form incorporating millions of base pairs during mitosis and meiosis.
Recently, our laboratory used genetic analysis to define the regions that provide centromere function in Arabidopsis;
these regions undergo far less meiotic recombination than the rest of the genome. We are expanding our analysis of
centromeres, determining the relationship between the primary DNA sequence and secondary structure. First, we are
examining the methylation state of the entire centromere by digesting genomic DNA with methylation sensitive enzymes
and with DNA sequencing methods that directly detect methylated cytosine. These experiments demonstrate that
methylation levels vary across the centromeres. We are now investigating whether these differences in methylation
levels affect centromere function.
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Expression of a methylated gene family in Arabidopsis

Stacey Melquist and Judith Bender
Johns Hopkins University School of Public Health
The Arabidopsis phosphoribosylanthranilate isomerase (PAI) genes encode the enzyme that catalyzes the third step
in the tryptophan biosynthetic pathway. In the Arabidopsis strain WS, there are four PAI genes that are highly identical
to one another and heavily cytosine methylated over their identical regions. PAI expression analysis has shown that only
one gene, PAI1, is expressed. Unlike the other WS PAI genes, PAI1 transcripts can initiate at a novel promoter found
approximately 500 bp upstream of the PAI methylation boundary. This observation suggests that PAI1 escapes silencing
because the novel promoter is not impeded by methylation further downstream. We are using both RNA analysis and
transgenic approaches to test this hypothesis. In particular, we have found that transgene constructs designed to methylate
and silence the novel upstream promoter do indeed block PAI1 expression. This result indicates that in plants, methylation
must be near the start of transcription to impair gene expression, implying that methylation inhibits transcription initiation
steps, rather than transcript elongation steps.
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MOLECULAR STUDIES OF SINGLE-COPY SILENCING LINES

I.S.Mercy1, T.J.Meza1, M.Skårn1, M.A.Butenko1, A-M.Håklien1, C.Haslekås1, L.A.Meza2, K.S.Jakobsen1 and R.B.
Aalen1
1Dep. Of Molecular Biology, University of Oslo, P.O.Box 1031 Blindern, N-0315 Oslo, Norway, 2Dep. Of
Tumor Biology, The Norwegian Radiumhospital, N-0310 Oslo, Norway,
Transgene silencing has been observed in many transgenic plants. Silencing of transgenes may occur by two different
mechanisms i.e. transcriptional transgene silencing (TGS), where the transgenic promoters are inactivated or by posttranscriptional transgene silencing (PTGS) where a failure of accumulation of transgenic m-RNA is observed. Many
factors have been shown to have an effect on gene silencing including DNA methylation, chromatin structure and
positional effects. In addition to these factors, mechanisms such as production of aberrant RNAs and ectopic DNA-RNA
interactions can also explain reduced expression levels of the transgene. Although some authors have described silencing
of single-copy transgenes, transgene silencing is more pronounced in plants containing multiple copies of the transgene.
In our lab, 10 Arabidopsis single-copy transgenic lines displaying transgene (nptII) silencing were identified. At this
moment we cannot say whether the silencing of the transgene in these plants represents TGS or PTGS. We believe that
the genomic position of the transgene in these lines is important. Several mechanisms have been proposed for silencing
of single-copy lines, including involvement of repetitive sequences, diverging GC content between the transgene and
the surrounding genomic DNA and antisensing by endogenous genes. In our lab, we are studying the genomic DNA
flanking the transgenes by the Inverse PCR or by Genome Walking strategy. After cloning the flanking regions we have
been able to identify the genomic context of these transgenes and a sequence analysis of these regions will be presented.
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Cis-acting elements acting to create circadian phase in Arabidopsis

Todd P. Michael and C. Robertson McClung
Dartmouth College, Department of Biological Sciences
The circadian clock is an endogenous, molecular timing mechanism that enables organisms to synchronize their
biology with the diurnally changing environment. A key outcome of timekeeping is the ability to partition, or phase,
distinct biological activities to specific times over the solar day. We have taken a bipartite approach to determine how
circadian phase is established at the level of transcription. First, by promoter resection we have isolated a cis-acting
circadian clock response element (CCRE) that confers evening-specific transcription. We have defined specific bases
within the CCRE, through mutational analysis, that are necessary for circadian regulated expression. Second, we have
identified genes transcribed at various circadian phases by screening enhancer trap Arabidopsis lines in which a construct
containing a minimal promoter fused to the luciferase coding region was randomly integrated by T-DNA transformation.
This allowed the identification of novel clock regulated genes with CCREs in their promoter regions. Both of our
approaches reveal a 10 base pair CCRE, AAAAAt/aATCT, which is found in the promoter of genes that are transcribed
at circadian phases spanning the solar day. Analysis of circadian microarray experiments confirms that most genes from
multiple circadian phases contain the 10 base pair CCRE in their promoters. Since this CCRE is found in promoters
transcribed at different circadian phases, we have addressed three possibilities as to the phasing of circadian transcription:
base pair changes within the CCRE, context around the CCRE and interaction of the CCRE with other cis-acting elements.
This work was supported by grants from the National Science Foundation (MCB9723482 and MCB0091008).
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Molecular Genetic Analysis of Arabidopsis ETHYLENE INSENTITIVE6

Ramlah B. Nehring1, Robert B. McGrath2, Joseph R. Ecker1
1
The Salk Institute for Biological Studies, 2Plant Science Institute, Department of Biology, University of
Pennsylvania
The plant hormone ethylene regulates a variety of developmental and stress responses, including the classical triple
response to ethylene. Exploiting the triple response assay to identify mutants defective in this response ETHYLENE
INSENSITIVE6 was previously identified. This mutant was previously shown to suppress the activity of CTR1 and
therefore acts downstream of CTR1 in the ethylene pathway. Further characterization of the L(er) allele of this mutant
revealed that it contained a second recessive mutation, which dramatically enhanced the ein6 mutant phenotype. The
first mutation was characterized as having an ethylene insensitive root phenotype (EIN6). The second mutation,
ENHANCER OF ETHYLENE INSENSITIVITY (EEN), has no phenotype on its own, but changes the ein6 phenotype
from only ethylene insensitivity in the root to a complete lack of the triple response. A search for additional alleles
yielded two Col-O T-DNA insertional alleles. Examination of these alleles, located in the promotor and first intron
respectively, show that they do not demonstrate the ein6 phenotype. EIN6 was mapped to the bottom of chromosome 3.
Sequence analysis revealed a 7 bp deletion, which causes a frame shift and introduces a stop codon. EIN6 may encode
a DNA binding protein, consistent with its position in the pathway. We are currently examining the effects of een on the
Col-O alleles of EIN6, along with further characterization of ein6 and een.
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Genetic and molecular analyses of flavonoid metabolism in seed

Nathalie Nesi, Clarisse Jond, Isabelle Debeaujon, Michel Caboche, and Loïc Lepiniec
Laboratoire de Biologie des Semences
It is known that flavonoids which accumulate in the seed coat are determinant for different aspects of the seed
quality (e.g., agronomic and industrial properties). This fact prompted us to investigate flavonoid metabolism in the
seeds with the aid of genetic and molecular approaches. To this end, we have been studying arabidopsis mutants specifically
affected in the seed coat pigmentation. To date, at least 20 loci involved in flavonoid metabolism have been identified in
arabidopsis, which were mostly named TRANSPARENT TESTA (TT). Several of them have been shown to encode enzymes
involved in the structure of flavonoid biosynthesis, but data about the regulation of their expression are rather scarce. In
our laboratory, the screening of the Versailles T-DNA-mutagenized Arabidopsis collection led to the identification of 22
independent insertional lines showing a modification of the seed coat pigmentation, of which genetic and molecular
studies are presented. Two of these mutants represent novel TT loci. Besides, T-DNA tagged alleles were identified for
four TT loci, namely TT2, TT8, TT15, and TT16. Molecular cloning of the corresponding genes revealed that they encode
a R2R3 Myb domain protein, a bHLH domain protein, a putative glucosyltransferase, and a third transcription factor,
respectively. We particularly focussed on the functional analyses of the TT2 and TT8 genes. Expression analyses
demonstrated that TT8 transcripts are present in developing siliques and in young seedlings, where flavonoids accumulate.
Conversely, TT2 mRNA was specifically expressed in the endothelium of immature seeds. Additional experiments
demonstrated that both TT2 and TT8 modulate the expression of at least two late flavonoid biosynthetic genes, namely
DFR and BAN, in arabidopsis siliques, supporting a major role of the TT2 and TT8 proteins in the flavonoid regulatory
network. Interestingly, we showed that the TTG1 gene is also required for usual expression of DFR and BAN genes in
Arabidopsis siliques. Thus, our results demonstrate that TT2, TT8, and TTG1 act in concert to regulate flavonoid
metabolism in the arabidopsis seed coat.
Nesi N. et al., Plant Cell (2000), 12, 1863-1878.

324

Characterization of Arabidopsis S15 Ribosomal Protein Gene Family Expression by
Relative RT-PCR.

Brian J. North1, Ellen M. Anderson, and Colleen M. Jacks
Department of Biology, Gustavus Adolphus College, St. Peter, MN 56082, 1 Laboratory of Molecular Virology,
University of California San Francisco, San Francisco, CA 94141
The eukaryotic cytoplasmic ribosome, essential for protein synthesis, is comprised of 4 rRNA molecules and
approximately 80 ribosomal proteins (r-proteins). Studies in yeast and other organisms demonstrated that these ribosomal
components are produced stoichiometrically, indicating coordinate gene regulation. The r-proteins are often encoded by
small multi-gene families; in animals, the families are comprised of both a transcribed intron-containing gene and
processed pseudogenes. In contrast, the r-protein gene families identified in plants contain multiple intron-containing
genes encoding proteins of both identical and similar amino acid sequences. Evidence from the few plant r-protein gene
families investigated indicates these multiple genes are expressed, possibly to provide additional quantities of r-proteins
in actively growing cells or to provide tissue-specific r-protein variants. We are using the Arabidopsis S15 gene family
to investigate the temporal and spatial expression of these genes and their regulation during plant growth and development.
The S15 family contains five intron-containing genes (RPS15A - E), two of which appear as cDNAs or ESTs in the
sequence databases. The five genes encode proteins of 149-152 amino acids with 84% or greater amino acid identity.
RNA was isolated from Arabidopsis plants at 24 hour intervals for the first 16 days post germination and from mature
stems, leaves and flowers and analyzed for expression by RT-PCR with gene specific primers from each 3[prime] UTR.
Relative comparisons were made to 18S rRNA levels as an internal standard. Four of the genes (RPS15A-D) were
expressed throughout the time course, with S15 mRNA levels peaking on days corresponding to the development of new
leaves and the start of bolting. RPS15A and RPS15B mRNA levels peaked on different days, indicating these two genes
may be differentially expressed. RPS15A mRNA was found at higher levels in the leaves and developing flowers than
RPS15B, but there was no significant difference in mRNA levels within the stems. No RPS15E RNA was detected in any
tissue or at any time examined.
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Cloning and Characterization of Sugar-insensitive Mutants

Donna L. Pattison, Kelly Biddle, Melissa Moon, Susan I. Gibson
Rice University
Sugars are known to be important plant metabolites, but little is known about the role of sugars as signaling molecules
or the molecular mechanisms by which sugars exert their effects. To facilitate the unraveling of sugar signaling pathways,
we have isolated a number of mutants that are insensitive to the inhibitory effects of high levels of exogenous sugar on
true leaf development. Wild-type plants will not form expanded cotyledons or true leaves on high sucrose or glucose
media. Mutants were isolated by screening T-DNA tagged populations on 0.3-0.34M sucrose media and selecting plants
that form true leaves.
The sugar-insensitive 3 (sis3) mutant was isolated from a T-DNA tagged line. The sis3 mutant is not defective in all
sugar responses. Unlike other known sugar response mutants, sis3 has a wild-type response to gibberellin, abscisic acid,
ethylene, auxin, cytokinin, and methyl-jasmonate This suggests that the sis3 mutation may play a relatively direct role in
sugar signaling. We are in the process of mapping sis3 as a possible first step towards isolating the SIS3 gene using a
map-based approach. So far, sis3 has been mapped to a region of chromosome 1 near the nga 280 marker. The T-DNA
border sequences appear to be re-arranged or truncated as attempts to clone the DNA sequences flanking the insert
through TAIL-PCR have failed.
A number of additional sugar-insensitive mutants have been isolated from T-DNA tagged lines in which each TDNA contains a cDNA driven by a 35S promoter. Five different types of mutants are possible: (1) disruption of a gene
by the T-DNA insert, (2) random mutations unlinked to the T-DNA insert, (3) over-expression of the cDNA, (4) antisense expression of the cDNA, and (5) co-suppression of the cDNA. We are currently in the process of sequencing the
cDNA inserts and the DNA flanking the inserts for each of our mutants. We have begun conducting the genetic analyses
to determine whether the T-DNA is linked to the mutation and have begun characterization of the mutants. Supported by
Department of Energy Biosciences Program Grant #DE-FGO3-00ER15061
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DNA damage induced cell cycle checkpoints in Arabidopsis

Sasha Preuss and Anne Britt
University of California at Davis
We are interested in the basis for radiation-induced arrest of Arabidopsis growth. When seeds are irradiated they
germinate at a normal rate and form small plants, but these plants stay arrested as seedlings for several weeks. Because
early plant growth is dominated by cell expansion rather than cell division we believe the meristematic cells are arrested
in the cell division cycle. Our investigations as to the basis of this arrest demonstrate that the meristematic cells are
arrested in the G2 phase of the cell cycle. We conducted a screen for mutants that did not arrest following gammaradiation. Five plants falling into two complementation groups were identified that continued to form new leaves following
gamma-radiation. These mutants have been termed sog (suppressor of gamma). These mutants do not arrest in the G2
phase following gamma radiation and display high levels of chromosomal instability.
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DAG: A gene family involved in plastid development

David Rengel1, Sergei Kushnir 2, Stefano Sparvoli1, Cathie Martin1
1
John Innes Centre, UK,2University of Gent, Belgium
The dag mutant in A.majus is defective in leaf pigmentation due to the complete arrest of chloroplast development
in the mutant areas. In mutant sectors, the palisade cells fail to develop and expand properly. The development of the
etioplasts in dark is also affected. DAG is required for the expression of plastid encoded genes, very early during plastid
development. DAG belongs to a gene family unique to plants, whose products show a transit peptide and a highly
conserved N-terminal region. There are ten DAG genes in Arabidopsis. We have cloned cDNAs for 8 of these family
members, including AtDAG1, the orthologue to the A.majus DAG gene. The dal1 mutant of Arabidopsis has a T-DNA
insertion which blocks the expression of AtDAG3. In these plants, chloroplasts fail to develop, although a low level of
chlorophyll may be synthesised. Genes encoding subunits of the plastid encoded polymerase (PEP) are expressed,
unlike in the dag mutant of A.majus. We have isolated insertion mutants in AtDAG1, AtDAG2 (from Arabidopsis KO
facility at the University of Wisconsin) and AtDAG5 (from the collection at the Univ. of Gent), but we have been unable
to identify homozygous lines. Gaps observed in the siliques of the heterozygous plants suggest that the mutations are
seedling lethal. We are crossing heterozygous plants with plants carrying a dominant visible marker linked to each one
of the three genes. We should expect all plants in F2 to carry the dominant marker. We are also proceeding with the
rescue of the homozygous mutants. We will transform the heterozygous plants with a construct containing each gene
cloned after a double 35S promoter. Strong expressions should compliment the mutation, but the double 35S promoter
also gives rise to weak expressions, which will, hopefully, give weak, viable phenotypes. The effect of the mutations on
plastome expression will also be investigated. At the moment we are amplifying by PCR all the 87 proteins, 4 rRNAs
and 37 tRNAs from the plastid genome in Arabidopsis. These PCR products will be spotted onto filters, providing a tool
to assess the effect of DAG genes on plastome transcription. These and other experiments will shed light on the DAG
family function in plastid and plant development.
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CONSEQUENCE OF TELOMERE DEPLETION IN ARABIDOPSIS

Karel Riha, Jeff S. Parkey, Thomas D. McKnight1, and Dorothy E. Shippen
Dept. of Biochemistry and Biophysics and 1Dept. of Biology, Texas A&M University, College Station, TX 77843
We are studying telomere function and maintenance in Arabidopsis thaliana. We have identified an Arabidopsis line
containing a T-DNA disruption in the gene encoding the telomerase catalytic subunit (AtTERT). The telomerase deficiency
leads to telomere shortening and to a dramatic decrease in TRF heterogeneity, wherein the “fuzzy” distribution of TRFs
in wt plants is replaced by a series of discrete bands in mutants. Experiments with subtelomeric probes specific for
individual chromosome ends demonstrated that each band represents a unique chromosome arm. Although the overall
rate of telomere shortening is 200-500 bp per plant generation, dramatic increases and decreases in some TRFs were
observed, consistent with stochastic recombination and/or gene conversion events. Unlike the alternative lengthening of
telomeres described for telomerase-negative yeast and cultured mammalian cells, these events occur in earlier generations
(G1 – G3) of mutants before any cytogenetic abnormalities were observed. Telomere dysfunction results in chromosome
fusions, cell cycle arrest, senescence and apoptosis in telomerase-deficient mice and yeast. The first chromosome fusions
were detected as anaphase bridges in G5 Arabidopsis mutants and their frequency increased in subsequent generations.
The first developmental defects appeared in G6 and correlated with the onset of chromosome fusions. Growth aberrations
were caused by insufficient cell proliferation. Late generation mutants exhibited small asymmetric leaves, altered
phyllotaxy and disorganized shoot apical meristems. Phenotypes progressively worsened from mild defects in leaf
morphology to developmental arrest and sterility in subsequent generations. Interestingly, programmed cell death does
not appear to be associated with telomere dysfunction in Arabidopsis as neither DNA fragmentation nor chlorophyll
degradation were associated with the most severely affected leaves. In addition, some plants with severe developmental
defects had a substantially longer life span than their wt counterparts. These observations suggest that aspects of the
primary cellular response to telomere dysfunction are different in plants and animals.
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How Do Introns Elevate Gene Expression?

Alan Rose
University of California, Davis, CA 95616
Introns are known to boost gene expression in many organisms including plants, but the means by which they do this
are not understood. To explore potential mechanisms, I am analyzing the requirements for introns to enhance mRNA
accumulation from a PAT1:GUS fusion in transgenic Arabidopsis. Three areas are being investigated: the intron structural
components that are needed, the variation between introns in expression-enhancing ability, and the importance of intron
position. Derivatives of PAT1 intron 1 containing a mutant 5’ splice site or lacking branchpoint sequences still elevate
expression, even though they are not spliced. These findings rule out direct involvement of the U1 or U2 snRNPs (which
initiate spliceosome assembly by binding to the 5’ splice site and branchpoint, respectively) and the need for splicing per
se. Similarly, none of a series of deletions that together span the intron eliminate the ability to stimulate expression. Any
intron sequences that are involved must therefore be redundant. The ability of seven other introns to stimulate PAT1:GUS
expression relative to an intronless fusion ranged from under 2-fold to more than 30-fold, and the degree of enhancement
correlated with intron length and U-richness. A possible role for U-rich sequences is supported by the finding that PAT1
intron 1 was less effective at stimulating mRNA accumulation when it’s U-content was reduced. PAT1 intron 1 also
failed to elevate expression when inserted 25 nt downstream of the stop codon, despite being efficiently spliced. This
suggests that introns affect expression during, rather than after, transcription. One possible mechanism is that factors
that bind to a recently transcribed intron could mediate a change in the carboxy-terminal domain of RNA polymerase II.
This part of the polymerase is involved in regulating the rate of transcription and is known to bind several enzymes
involved in mRNA maturation, including splicing factors. An interaction with intron-bound factors could render the
polymerase more processive and therefore more likely to extend transcription to the end of the gene, where proper 3’ end
processing stabilizes the transcript. The intron components required for this modification must be distinct from (but may
overlap with) those that mediate intron recognition for splicing, and may involve redundant elements such as U-rich
sequences.
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Comparison between biennialism in Hyoscyamus niger and winter annualism in
Arabidopsis thaliana

Michael Schläppi, Monica Patel
Marquette University
There are genetic similarities between the biennial growth habit of Hyoscyamus niger (H. niger) and winter annual
ecotypes of Arabidopsis thaliana. Biennialism is dominant over annualism, but F1 hybrids are converted to very lateflowering winter annuals. This resembles the genetic interaction between FRIGIDA (FRI) and certain alleles of
FLOWERING LOCUS C (FLC) in Arabidopsis. We show here that another similarity includes the response of H. niger
to demethylating agents. We also present results towards determining whether FLC homologs or FLC-related genes are
involved in biennialism, and summarize progress towards isolating MADS-box sequences from biennial H. niger. Results
from our initial characterization of expression profiles of four groups of MADS-box genes suggest that B-class floral
homeotic gene homologs are differentially expressed in flowers of annual and vernalized, biennial H. niger.
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Expression of an SMC2 gene during mitosis and meiosis in Arabidopsis: Antisense
inhibition perturbs morphogenesis at the shoot apex

Najeeb Siddiqui, Ron Dengler, Clare Hasenkampf, Dan Riggs
University of Toronto
The SMC (Structural Maintenance of Chromosomes) proteins can be divided into five distinct subfamilies, whose
members play vital roles in chromosome condensation, cohesion, recombination, and dosage compensation. Members
of the SMC2 subfamily are involved in coordinating mitotic chromosome condensation. We have cloned the first plant
cognate of the SMC2 family (AtSMC2-1) from Arabidopsis. The AtSMC2-1 cDNA effectively rescued the yeast smc2δ6 temperature sensitive mutant, suggesting that AtSMC2-1 may regulate chromosome condensation in Arabidopsis.
Sequence database analyses indicated that there is a second gene, AtSMC2-2, which is 83% identical to AtSMC2-1. RTPCR followed by CAPS analysis provided evidence for differential expression of the two genes, with AtSMC2-1 being
the more highly expressed. Transgenic plants harboring an AtSMC2-1::GUS transgene exhibited GUS staining in spatial
patterns reflecting the mitotic activity of each tissue. Although the role of SMC2 proteins in mitotic chromosome
condensation has been studied extensively in yeast and animal systems, no evidence for its involvement in meiotic
chromosome condensation has yet been reported from any organism. Our in-situ hybridization results demonstrated that
AtSMC2-1 mRNA is present in meiotic cells, suggesting a role for these proteins in meiotic chromosome condensation.
Lastly, in order to examine the consequences of reduced levels of the AtSMC2-1 protein, we generated transgenic
Arabidopsis plants constitutively expressing an antisense fragment of the AtSMC2-1 gene. These antisense transgenic
plants exhibited extremely slow root and shoot growth, enlarged and dysfunctional shoot apical meristem, fasciated
stems, and altered leaf arrangement. Characterization of these defects at the cytological and molecular level will be
presented at the meeting.
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Genetic Modifiers of Ac Transposition in Arabidopsis

David Sinclair Stevenson and Paul Jarvis
University of Leicester
The Arabidopsis increased Ac excision 1(iae1) mutant was generated by gamma-ray mutagenesis of a line carrying
a single copy of the Activator (Ac) transposon. The mutation causes a 550-fold increase in the number of Ac excision
events per cotyledon. It is unlinked to the Ac element and inherited in a Mendelian fashion. Previously, iae1 was mapped
to the short arm of chromosome 2 using a mapping population of 42 plants (Jarvis et al., 1997, Plant J. 11: 907-919).
Using a larger population (860 plants) and closely linked markers, fine-mapping of iae1 has now been completed. The
gene responsible for the iae1 phenotype has been tentatively identified. During the mapping of iae1, a number of
additional, unlinked loci that have modifier effects on Ac mobility and/or the iae1 phenotype were identified. Finally,
new screens of EMS and X-ray mutagenized populations for iae-like mutants are being conducted. To date, approximately
50 new mutants have been identified. Progress on these various projects will be reported.
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The C-Terminal 98 Amino Acids of Arabidopsis CBF1 Functions as a Transcriptional
Activation Domain and Causes Severe Growth Retardation when Overexpressed in
Transgenic Arabidopsis as a Fusion with the DNA Binding Domain of the Yeast GAL4
Protein.

Stockinger EJ1, Zarka DG2 and MF Thomashow2
1
The Ohio State University, 2Michigan State University
The CBF proteins are transcriptional activators that play an integral role in plant cold acclimation, the phenomenon
whereby certain plants, including Arabidopsis, increase in freezing tolerance in response to low nonfreezing temperatures.
The CBFs bind to the CRT/DRE cold- and drought-responsive DNA regulatory element and activate expression of COR
(cold-regulated) and other genes that have the CRT/DRE element in their promoters. Constitutive high-level overexpression
of the CBFs in transgenic Arabidopsis results in increased freezing tolerance (3-5). However a negative consequence
often associated with CBF overexpression is severe growth retardation (4,5), a phenotype thought to result from constitutive
overexpression of the CBF-targeted genes (4). The results presented here, however, raise an additional possibility. We
define the CBF1 DNA-binding, CBF1DBD, and trans-activating, CBF1AD, domains and show that overexpression of a
fusion protein consisting of CBF1AD joined to the DNA binding domain of the yeast GAL4 protein, GAL4DBD, in transgenic
Arabidopsis results in severe growth retardation. The CBF-targeted COR genes are not activated in these plants indicating
that their expression was not the cause of the growth retardation phenotype. We propose that overexpression of the
CBF1AD results in growth retardation due to “squelching,” a phenomenon similar to that described for yeast and mammalian
cells in which excess activator concentrations titrate target proteins causing slow growth (6,7). This has important
implications in designing strategies to use transcription factors to modify plant traits. This research was supported in
part by the USDA (NRICGP), NSF and Michigan AES to MFT and by the OSU/OARDC to EJS.
(1) Stockinger et al. (1997) Proc. Natl. Acad. Sci. USA 94:1035-1040. (2) Gilmour et al. (1998) Plant J. 16:433-442. (3) Jaglo-Ottosen et al.
(1998) Science 280:104-106. (4) Liu et al. (1998) Plant Cell 10:1391-1406. (5) Gilmour et al. (2000) Plant Physiol. 124:1854-1865. (6)
Ptashne, M. (1988) Nature 335:683-689. (7) Berger et al. (1992) Cell 70:251-265.
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COP10, a negative regulator of photomorphogenesis, encodes a novel ubiquitinconjugating enzyme variant

Genki Suzuki1, Yuki Yanagawa1, Minami Matsui2, Xing-Wang Deng1
1
Department of Molecular, Cellular and Developmental Biology, Yale University, 2Genomic Sciences Center,
RIKEN
Light as a signal plays a critical role in regulating plant growth and development. Under the light, Arabidopsis
seedlings have short hypocotyls, no apical hooks, expanded cotyledons with developed chloroplasts, differentiated cell
types and show a dramatic induction of the transcription of many genes. In Arabidopsis, genetic analysis has identified
mutations in COP/DET/FUS loci exhibiting a pleiotropic constitutive photomorphogenic phenotype, suggesting that
these genes play an essential regulatory role in the repression of photomorphogenic developments. Our previous research
revealed that the cop/det/fus mutants can be categorised into three classes based on their effects on the presence of the
COP9 signalosome and monomeric forms of the AJH proteins, which is known as CSN5, one of the component of COP9
signalosome. cop10 is categorised as class II mutants, which has both CSN5 monomer and COP9 signalosome, while
class I mutants (cop1 and det1) have COP9 signalosome but no detectable CSN5 monomer, and class III mutants (cop8,
cop9, cop11) lacking COP9 signalosome but no effect on CSN5 monomer. Thus COP10 defines a subclass of its own,
whose role in repressing photomorphogenesis does not involve structural alteration of the COP9 signalosome. Here, we
report the identification of a CONSTITUTIVE PHOTOMORPHOGENIC 10 (COP10), encoding a novel type of ubiquitinconjugating enzyme E2 variant (UEV), lacking a recognizable catalytic center of ubiquitin-conjugating enzymes (E2).
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PCR-assisted in vitro binding site selection for AGL15, an embryo MADS-domain
factor

Weining Tang, Sharyn E. Perry
Department of Agronomy, University of Kentucky, Lexington, KY40546-0091
MADS-domain proteins are a family of DNA binding transcription regulators. AGL15 is currently the only reported
MADS-domain protein preferentially accumulated during plant embryo development. All MADS factors share a highly
conserved MADS-domain responsible for DNA binding and protein dimerization. Previous studies have shown that
MADS-domain proteins recognize the so-called CArG motif, with a consensus nucleotide sequence of CC(A/T)6GG.
However, different MADS-domain proteins have similar, yet distinctive binding sequences. This difference in binding
site preference may be critical for differential gene regulation. To determine the consensus sequence AGL15 preferentially
binds in vitro, a PCR-assisted binding site selection assay was performed. T7-tagged AGL15 protein was expressed in
E.coli and immunopurified. A pool of oligonucleotides with a core of 26 random bases was used with AGL15 for
electrophoretic mobility shift assay (EMSA). Shifted sequences were amplified by PCR and subjected to further rounds
of EMSA. After 3 to 5 rounds of selection, shifted oligos were sequenced. Multiple sequence alignment revealed AGL15
prefers a CArG motif with longer AT-rich core, apparently different from the known binding sites of other plant MADSdomain proteins. The biological significance of this difference in binding preference is currently under investigation.
Supported by the University of Kentucky, Department of Agronomy, and by the National Science Foundation (IBN-9984274).
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Characterization of two SET-domain encoding Arabidopsis genes with similarity to
Drosophila SUPRESSOR OF VARIEGATION (3-9)

Tage Thorstensen, Melinka A. Butenko, Trine J. Meza, Sylvia Johnsen, Bill Davies and Reidunn B. Aalen
Division of Molecular Biology, Department of Biology, University of Oslo, Norway
Gene expression in eukaryotes depends on both intrinsic regulatory mechanisms, including enhancer-promoter
interactions, and chromosomal context, including chromatin structure. An understanding of the mechanisms governing
modulation of chromatin structure is emerging from the identification of genes encoding proteins that form chromatin
complexes. In Drosophila, the chromosomal proteins SUPPRESSOR OF VARIEGATION 3-9 [SU(VAR)3-9],
ENHANCER OF ZESTE [E(Z)] and TRITHORAX [TRX], which are involved in epigenetic control of gene expression
and Position Effect Variegation (PEV), share a common 130 amino acid motif, the SET-domain. CURLY LEAF and
MEDEA, encoding proteins with high similarity to E(Z), were the first SET-domain genes to be identified in plants.
We have cloned the transcripts of two Arabidopsis genes encoding proteins with high similarity to the SU(VAR)3-9
protein using RT-PCR and RACE. To characterize these genes we have studied their expression patter in various tissues
and at different developmental stages. To investigate their function in the plant, Arabidopsis has been transformed with
RNA interference constructs aimed at knocking out gene expression
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Histone deacetylation and epigenetic regulation in Arabidopsis

Lu Tian and Z. Jeffrey Chen
Texas A&M University
Histone acetylation and deacetylation play essential roles in eukaryotic gene regulation. Reversible modifications of
core histones are catalyzed by two intrinsic enzymes, histone acetyltransferase (HAT) and histone deacetylase (HD or
HDAC). In general, histone deacetylation is related to transcriptional gene silencing, while acetylation correlates with
gene activation. We produced transgenic plants expressing antisense Arabidopsis histone deacetylase (AtHD1) gene, a
homolog of the HD1 in human and RPD3 global transcriptional regulator in yeast. Expression of antisense AtHD1
caused dramatic reduction in endogenous AtHD1 transcription, resulting in accumulation of acetylated histones, notably
tetra-acetylated H4. Reduction in AtHD1 expression and AtHD1 production and changes in acetylation profiles were
associated with various developmental abnormalities, including early senescence, ectopic expression of silenced genes,
suppression of apical dominance, homeotic changes, heterochronic shift towards juvenility, flower defects, and male
and female sterility. Some of the phenotypes could be attributed to ectopic expression of tissue-specific genes (e.g.,
SUPERMAN) in vegetative tissues. No changes in genomic DNA methylation were detected in the transgenic plants.
These results suggest that AtHD1 is a global regulator, which controls gene expression during development through
DNA-sequence independent or epigenetic mechanisms in plants. In addition to DNA methylation, histone modifications
may be involved in a general regulatory mechanism responsible for plant plasticity and variation in nature.
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A two member gene family encodes the L3 ribosomal protein in Arabidopsis thaliana

Michael Tilley and Randy Scholl
The Ohio State University
Ribosomes are essential organelles composed of ribosomal RNA (rRNA) and ribosomal proteins (rProteins).
Ribosomes have been studied in some detail in bacteria, yeast and other organisms, and to a lesser degree in plants.
Because stoichometric amounts of each rProtein must be present for efficient assembly and the number of genes involved,
rProtein genes have been the subjects of studies in coordinated gene regulation.
In E. coli each rProtein is encoded by a single gene, in saccharomyces a single gene or a two-member gene family
encodes each protein. In plants a small gene family with two or three members encodes most proteins. The deduced
amino acid sequence of each member varies from identical to 74% identity. This has made it difficult to determine if
products from all of the gene families are incorporated into ribosomes and if some of the family members have specialized
roles.
We have characterized two ribosomal protein genes (Arp1 and Arp2) from Arabidopsis that encode a homolog of the
E. coli L3 protein. These two genes are relatively divergent, sharing approximately 75% nucleotide identity and 85%
amino acid identity. Arp1 appears to be constitutively transcribed at high levels in all tissues. Its mRNA is polyadenylated
and can be isolated from the polyribosome fraction. The protein can be isolated from shoots and it is found on
polyribosomes in high abundance.
Arp2, appears to be transcribed in all tissues, it is more abundant in root than shoot. Its mRNA has several unusual
features. First it has a very short 5’ UTR. Despite its short length it does have a CT rich region, typical of the 5’ UTR of
ribosomal protein mRNAs. Second, its mRNA is found in the poly A- fraction after separation on an oligo-dT column.
Sequence analysis and RT-PCR using an oligo-dT primer for first strand synthesis has located a polyadenylation site. At
this site a short polyA tail appears to be present on at least a majority of the messages. Arp2 mRNA can also be isolated
from polyribosomes; Western analysis confirms the presence of Arp2 protein in shoot polyribosomes, but at an apparently
lower concentration than Arp1.
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FHY3 encodes a novel nuclear protein essential for phytochrome A signaling in
Arabidopsis

Haiyang Wang, Xing Wang Deng
Yale University
Phytochrome A (phyA) is the primary photoreceptor mediating responses to the far-red light signal (FR). A significant
number of components acting either positively (FHY1, FHY3, FAR1, HFR1, FIN219, PAT1, FIN2) or negatively (SPA1
and EID1) in phyA signaling have been identified and some of these genes have been characterized at the molecular
level. Our genetic and physiological analyses indicate that phyA signaling in Arabidopsisinvolves multiple branches
controlling overlap yet distinctive sets of photomorphogenic responses (hypocotyl elongation, cotyledon opening and
greening, anthocyanin accumulation, gravitropic response, light-regulated gene expression etc.). These branches converge
at or upstream of the photomorphogenic repressor, COP1 and regulate its subcellular localization, in turn they control
the accumulation of a positive regulator of photomorphogeneis, the bZIP transcription factor HY5. FHY3 represents one
of the branches and its loss-of-function mutant displays severely reduced sensitivity to far-red light. fhy3mutants possess
normal level and photoreactive phyA protein. Therefore, FHY3 likely represents an authentic and essential signal transducer
for phyA signaling. Positional cloning of FHY3 indicates that it encodes a novel nuclear protein. FHY3 expression is
slightly repressed by FRc but significantly induced by white light. In addition, FHY3 expression is impaired in the
fin219and spa1mutant backgrounds and increased in the far1mutants, suggesting a complex regulatory network controlling
its expression. The FHY3 protein is constitutively localized to the nucleus. Interestingly, overexpression of either the Nterminal or C-terminal fragments of FHY3 causes a dosage-dependent dominant-negative effect on phyA signaling in
Arabidopsis. Further, FHY3 is able to interact with FAR1 in a yeast two-hybrid assay and an in vivo coimmunoprecipitation assay. Our results suggest that FHY3 and FAR1 play distinctive but interacting roles in phyA
signaling, most likely as transcriptional regulators required for phyA induced gene expression and photomorphogenic
development.
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Analysis of Putative Regulatory Targets of AGL15, an Embryo MADS-Domain Factor

Huai Wang, Weining Tang, Cong Zhu, Sharyn E. Perry
Department of Agronomy, University of Kentucky, Lexington, KY 40546-0091
AGL15 (AGAMOUS-like 15) is a member of the MADS-box family that is preferentially expressed during
embryogenesis. Identifying what genes are regulated by AGL15 is important for understanding the roles of this DNAbinding protein in development. Chromatin immunoprecipitation (CHIP) is an approach to isolate in vivo protein-DNA
complexes. Several putative target genes of regulation by AGL15 were obtained by using a CHIP method developed in
our lab. The expression levels of these genes were compared among various staged tissues in wildtype and transgenic
Arabidopsis that overexpress different forms of AGL15. The results indicated that some of the genes are down-regulated
and others are up-regulated in response to AGL15. Furthermore, potential binding sites for MADS-domain proteins
called CArG motifs were found in the regulatory regions of these genes. The specific binding of AGL15 to one of these
CArGs has been demonstrated by gel mobility shift assay. More work to confirm that these genes are regulated by
AGL15 and to investigate their roles in development is underway.
Supported by the University of Kentucky, Department of Agronomy, and by the National Sciences Foundation (IBN-9984274).
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Regulation of Ethylene Biosynthesis in Arabidopsis

Kevin L.-C. Wang1, Hitoshi Yoshida2, Claire Lurin3, and Joseph R. Ecker1
Salk Institute for Biological Studies, La Jolla, CA; 2Hokuriku Research Center, Niigata, Japan; 3INRA-URGV,
Évry cedex, France.
The plant hormone ethylene is a simple gaseous molecule that governs many aspects of plant growth and development.
Mutations in the ETHYLENE-OVERPRODUCER1 (ETO1) gene from Arabidopsis cause overproduction of ethylene.
The recessive nature of the mutations in ETO1 suggests that it encodes a negative regulator of ethylene biosynthesis.
ETO1 is a member of a novel gene family with BTB/POZ and TPR domains that are highly conserved in the plant
kingdom. Mutations in the TPR domain of ETO1 confer overproduction of ethylene, suggesting its essential role. A
dominant mutation of another eto complementation group, eto2-1, was mapped to the ACS5 gene that encodes a key
enzyme of ethylene biosynthesis. This mutation results in an alteration of the last 12 amino acids of ACS5 and confers
overproduction of ethylene. Two-hybrid experiments revealed direct interaction of ETO1 with ACS5. Interestingly, the
eto2-1 version of ACS5 can no longer interact with ETO1 in the yeast two-hybrid system. Furthermore, functional
assays using a bacterial system and suppression of the eto1 mutation by a loss-of-function allele of ACS5 reveal that
ETO1 and related ETO1-LIKE (EOL) proteins significantly inhibit the activity of ACS5. These results clearly demonstrate
the direct inhibition of ACS activity by the ETO1 family and a proposed model is presented.
1
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Isolation and Characterization of the y9-287 Meiotic Mutant of Arabidopsis

Xiaohui Yang1, Hong Ma2, Chris Makaroff1
Miami University1, Penn State University2
Meiosis represents a highly ordered series of events that results in the production of haploid gametes; it plays a
central role in the reproduction of essentially all diploid organisms. It lies at the heart of eukaryotic genetic diversity and
is most likely responsible for inter-specific breeding barriers. As an experimental system, meiosis provides a valuable
system to study many aspects of cellular function, including changes in chromatin conformation, recombination, nuclear
and cellular division, and cell cycle control mechanisms.
As part of studies to isolate and characterize genes that are essential for meiosis we have isolated the male sterile y9287 mutation from a population of Ds mutagenized plants. Meiosis appears to proceed normally up to mid/late prophase
in y9-287 plants when some microsporocytes begin to exhibit properties of programmed cell death, including shrinkage
and condensation of the cytoplasm and abnormal condensation, segregation and degradation of the chromosomes.
Microsporocytes arrest at various stages of meiosis with most cells arresting by anaphase I. Analysis of the gene responsible
for the y9-287 mutation identified a PHD domain containing protein. The phenotype of the y9287 mutation and the
presence of nuclear-localization signals and the PHD domain suggest that Y9287 may participate in controlling meiotic
gene expression or chromatin remodeling during meiosis. Data will be presented on the isolation and characterization of
the y9-287 mutation and gene.
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Comparative genome analysis in crucifers

Adile Acarkan1, Karine Boivin1, Mathias Rossberg2 and Renate Schmidt1
Max-Delbrück-Laboratorium in der MPG, 2present address: AMGEN GmbH
Genome colinearity has been studied for two closely related diploid species of the Brassicaceae family, Arabidopsis
thaliana and Capsella rubella. Comparative genetic mapping revealed extensive colinear segments for the two species.
Detailed analysis of a 200 kbp region in A. thaliana and its counterpart in C. rubella showed almost complete conservation
of gene repertoire, order, spacing and orientation. Only minor differences in microstructure were found, including the
insertion of mobile elements, a tandem gene duplication and a single gene deletion/insertion. Alignment of Arabidopsis
cDNA and EST sequences with genomic DNA sequences of Arabidopsis and C. rubella showed conservation of exon
length and intron positions. Coding sequences predicted from these alignments differed from the annotated Arabidopsis
gene sequences in a number of cases.
In the paleopolyploid species Brassica oleracea at least three partial copies were found corresponding to the 200
kbp A. thaliana region. Gene order in B. oleracea is similar to the one in A. thaliana, however, evidence for translocations,
inversions and numerous deletions was obtained. As a result, the triplicated chromosome segments show differences
with respect to gene content when compared to each other and to the Arabidopsis region. Interestingly, for a number of
Arabidopsis genes only partial copies were found in B. oleracea.
Almost complete microcolinearity was found for the close relatives A. thaliana and C. rubella, whereas the gene
arrangement in the paleopolyploid species B. oleracea revealed more extensive differences when compared to that in the
other two species. This result can only partially be accounted for by the more recent divergence of the species pair A.
thaliana and C. rubella with respect to B. oleracea. Rather, the accelerated rate of change observed in triplicated segments
of the B. oleracea genome may indicate that duplications/polyploidy foster rapid chromosomal evolution.
1
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Consensus and Variation among 180-bp Repeats in Arabidopsis Centromeres

Sarah E. Hall and Daphne Preuss1
Committee on Genetics, University of Chicago, 1Howard Hughes Medical Institute
The recently completed genome sequence of Arabidopsis thaliana has given a particularly insightful view of a plant
centromere. Similar to many higher eukaryotic organisms, A. thaliana centromeres contain satellite DNA that is AT-rich
and organized tandemly in a head-to-tail fashion, with each monomer being ~180 base pairs long. These 180-bp repeats
make up a significant portion of the Arabidopsis genome and are located exclusively within the centromere. Since the
centromere is such a unique environment within the genome (a heterochromatic region with low recombination rates),
studying the molecular evolution of the 180-bp repeats in different A. thaliana ecotypes and closely related species
should give new insights into the evolution of satellite DNA under unique selective pressures. Consensus sequences for
the 180-bp repeats were derived for approximately 40 ecotypes of A. thaliana. Alignment of the consensus sequences
has revealed that nucleotide substitutions vary within the 180-bp repeat, with some regions being highly conserved and
others highly variable.
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MOLECULAR EVOLUTION OF THE RECQ-LIKE GENE FAMILY IN ARABIDOPSIS
THALIANA AND CAPSELLA RUBRELLA

Frank Hartung and Holger Puchta
Institute of plant genetics and crop plant research (IPK)
Members of the RecQ family of DNA helicases are involved in processes linked to DNA replication, DNA
recombination and gene silencing. These helicases are conserved throughout all kingdoms except of the archaebacteria.
Eubacteria and yeast as well as fission yeast contain only one RecQ or RecQ-like gene. Other fully sequenced eucaryotic
genomes possess more RecQ-like genes (Drosophila melanogaster (4), Caenorhabditis elegans (4), human (5) and A.
thaliana (7)) which seem to be all functional. In A. thaliana two of these 7 genes (AtRecQl 4A and 4B) arose from a
recent duplication event whereas the other 5 genes must be products of very old duplication events. Furthermore, A.
thaliana harbours in comparison to mammals an unusual high number (5) of genes coding for “small” RecQ-like
homologues. The only two large RecQ-like homologoues arose by the recent duplication event. Surprisingly the
exonuclease domain which is present besides the helicase domain in the werner syndrome gene (WRN) in mammals is
coded in Arabidopsis by an independent open reading frame but is able to interact with at least one “small” homlogue
(Hartung et al.,2000; NAR Vol 28 No. 21: 4275-4282).
To learn more about molecular evolution of a gene family consisting of ancient and recent paralogs we analyzed the
RecQ homologues of the near relative of A. thaliana, Capsella rubrella. We isolated all 7 RecQ-like genes and the small
WRNexo gene from C. rubrella as partial (CrRecQl 1 to 5 and WRNexo) or full length sequences (CrRecQl 4A and B).
Using the sequence data we could compare the molecular evolution of the duplicated genes and the singletons on the
level of nucleotide divergency. The data provided allowed us 1) to calculate mutation rates of singletons and the duplicated
genes 2) to fix the duplication event relatively accurate in time.
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Correlating the Brassica Genetic Map with the Arabidopsis Physical Map

Lewis Lukens1, Fei Zou2, Tom Osborn1
University of Wisconsin, 1Dept. of Agronomy, 2Dept. of Statistics
Cultivated Brassica species are closely related to Arabidopsis, and thus provide an excellent crop model system to
test hypotheses of genome evolution and synteny. Here, we report a correlation of the genetic map of Brassica with the
physical map of Arabidopsis using a bioinformatics approach. We determined the genomic location within Arabidopsis
of over 150 Brassica clones that have previously been used as molecular markers in Brassica linkage maps. A BLAST
comparison of the 5’ and 3’ sequence ends of the Brassica mapping clones with GENBANK accessions was used to
determine the position of similar sequences within the Arabidopsis genome. The comparative Arabidopsis and Brassica
map supports the hypothesis that highly similar sequences shared between the genera often have conserved genomic
positions, although it also provides evidence for genomic rearrangements. Based on hits between less highly conserved
sequences, our data also reveal the locations of putative, ancient genome duplications. Finally, we have developed a
statistical application to test the significance of collinear regions.
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DEFH28, a novel MADS-box gene from Antirrhinum majus, affects floral meristem
identity and fruit maturation

Bettina M. Müller, Heinz Saedler, Sabine Zachgo
DEFH28 is a novel MADS-box gene from Antirrhinum majus. Phylogenetic reconstruction indicates that it belongs
to the SQUA-subfamily of MADS-box genes. Expression analyses and transgenic plant studies suggest two distinct
functions of DEFH28 effecting early and late flowering processes. Firstly, DEFH28 is expressed in the inflorescence
apical meristem and might control together with SQUAMOSA (SQUA) floral meristem identity in Antirrhinum.
Additionally, DEFH28 is sufficient to switch inflorescence shoot meristem to a floral fate in transgenic Arabidopsis
plants. Secondly, DEFH28 is predominantly expressed in carpel walls, where it seems to exert a function in the regulation
of carpel wall differentiation and fruit maturation. Support for this later role comes from overexpression studies of
DEFH28 throughout siliques in transgenic Arabidopsis plants where it altered the identity of the replum and valve
margin cells towards adapting a valve cell identity. This results in the formation of non-dehiscent siliques. This late
aspect of the DEFH28 function is identical to the FRUITFULL (FUL) function in Arabidopsis as demonstrated in gainof-function plants. FUL, like DEFH28, belongs to the SQUA-subfamily of MADS-box genes. DEFH28 represents the
first characterized and most likely, ortholog of FUL. Although the overall flower morphology between Antirrhinum and
Arabidopsis plants is highly conserved, their carpels mature into different types of fruits: capsules and siliques, respectively.
Therefore, it seems that control of carpel wall differentiation by DEFH28 and FUL involves a conserved molecular
mechanism integrated into two very different carpel developmental pathways.
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KNOX class of homeobox genes potentially have similar function in both sporophytic
unicellular and multicellular meristems, but not in gametophytic meristems.

Ryosuke Sano1, Cristina Juarez2, Barbara Hass2, Motomi Ito3, Jo Ann Banks2, Mitsuyasu Hasebe1
1
National Institute for Basic Biology,2Purdue University,3University of Tokyo
Members of the class 1 KNOX (knotted-like homeobox) gene family are important regulators of shoot apical meristem
development in angiosperms. To determine if they function similarly in non-seed plants, three KNOX genes (two class
1 genes and one class 2 gene) from the fern Ceratopteris richardii were characterized. Expression of both class 1 genes
was detected in the shoot apical cell, leaf primordium, and marginal part of the leaves , and vascular bundles by in situ
hybridization, a pattern that closely resembles that of class 1 KNOX genes in angiosperms with compound leaves. The
fern class 2 gene was expressed in all sporophytic tissues examined, which is characteristic of class 2 gene expression in
angiosperms. All three CRKNOX genes were not detected in gametophyte tissues by RNA gel blot analysis. Arabidopsis
plants overexpressing the fern class 1 genes resembled plants that overexpress seed plant class 1 KNOX genes in leaf
morphology. Ectopic expression of the class 2 gene in Arabidopsis did not result in any unusual phenotypes. Taken
together with phylogenetic analysis, our results indicate that 1) the class 1 and 2 KNOX genes diverged prior to the
divergence of fern and seed plant lineages; 2) the class 1 KNOX genes function similarly in seed plant and fern sporophyte
meristem development despite their differences in structure, 3) KNOX gene expression is not required for the development
of the fern gametophyte, and 4) the sporophyte and gametophyte meristems of ferns are not regulated by the same
molecular mechanisms.
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Nucleotide changes that caused morphological evolution in diploid and tetraploid
wild Arabidopsis species

Kentaro K. Shimizu and Kiyotaka Okada
Department of Botany, Graduate School of Science, Kyoto Univeristy
One of the useful approaches to study evolution and diversity is molecular genetic analysis using closely related
species of model organisms. So far, only Drosophila species group has been well studied. We collected 25 species that
are relatives of A. thaliana from Japanese mountains and stock centers, and crossed with A. thaliana. Two of them,
Arabidopsis lyrata and Arabidopsis halleri, yielded hybrid F1. Using the hybrids, we conducted “interspecific allelism
test”.
Ohara line of A. halleri and Tottori line of A. lyrata subsp. kamchatica has no trichomes on the leaves. Interspecific
allelism test with trichomeless mutants of A. thaliana showed that both lines are defective in GLABROUS1 gene, which
encodes a myb transcription factor and is essential for trichome cell differentiation in the epidermis layer.
To identify the mutation at the nucleotide level, we isolated GLABROUS1 homologues from Ohara line of A. halleri.
The line is diploid, and one GLABROUS1 gene was isolated. DNA sequencing analysis revealed a frameshift mutation
owing to AA to C base change at the middle of the GLABROUS1 gene. It is strongly suggested that this mutation is the
cause of the trichome loss.
Tottori line of A. lyrata is a tetraploid, and accordingly, it had two GLABROUS1 homologues. Both of them have
frameshift mutations: one has an insertion of an adenine residue in the middle of the gene, and the other has 19 bp
deletion just after the start codon.
Thus, the inactivation of the GLABROUS1 gene occurred three times independently, resulting in the loss of trichome
twice. Our finding is a good example of parallel evolution. Moreover, evolution by gene loss may be a common mechanism
to generate diversity.
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A Genetic Analysis of Trichome Density in Arabidopsis thaliana: A QTL Approach

V. Vaughan Symonds & Alan M. Lloyd
University of Texas-Austin
The near ubiquity of trichomes (plant hairs) among plant taxa suggests a strong functional role in nature for them. As
such, trichomes have long been studied by agronomists, ecologists, systematists, and more recently developmental
biologists. Indeed a great deal has been learned about largely qualitative aspects of trichome initiation and development.
However, relatively little is understood regarding the more quantitative aspects of trichome development and patterning,
for example density and branching, particularly in the context of natural populations. Among wild-collected accessions
of Arabidopsis thaliana, trichome number, which strongly correlates with density, is relatively normally distributed,
ranging over an order of magnitude from fewer than 20 to more than 180 hairs, as measured on third true leaves.
Although several glabrous accessions exist, these likely represent individual mutations, rather than genome-wide responses
to selection for reduced trichome production. Others’ attempts at identifying quantitative trait loci (QTL) affecting
trichome density have revealed a single locus, Reduced Trichome Number (RTN), with large effect. This single finding
may be the result of the recombinant inbred line (RIL) set used for mapping, as not all RIL sets will be ideally useful for
all traits. As such, we are developing four new sets of mapped RILs, initially to be used to map trichome density and
eventually to be made publicly available. These sets will be developed from four pairs of accessions not previously used
in other RIL sets and are being selected to cover as broad a phenotypic and genetic range as is feasible. To date we have
genotyped ~100 accessions at 10 SSLP loci. The range in locus diversity is large, with an average of 17.33 (s.d. = 8.52)
alleles per locus. We intend to genotype 15 more loci for all accessions under consideration and to use these data, in
combination with phenotype data, to select the four pairs of accessions with which to initiate the RIL sets. Analyses of
marker and phenotype data will be presented.
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Identifying the genetic causes of the evolution of rosette flowering in Brassicaceae:
Did the LEAFY gene play a role?

Ho-Sung Yoon and David A. Baum
Harvard University, 22 Divinity Avenue, Cambridge, MA 02138
The identification of the genes responsible for phenotypic evolution is a major task in evolutionary developmental
genetics. The idea of plant phenotypic evolution occurring via changes of genes of large effect has now become generally
accepted. If correct, it should be possible to identify single genes that have played a major role in the origin of an
evolutionary novelties. In Arabidopsis, and most Brassicaceae, floral induction results in stems elongating to form an
erect inflorescence with numerous flowers that lack subtending leaves. However, three independent lineages of
Brassicaceae have switched from producing inflorescences to producing flowers in the axils of rosette-leaves. One
hypothesis we are currently testing is that, in one or more of these lineages, the evolution of rosette flowering arose via
expanded expression of the floral meristem identity gene LEAFY (LFY). It has been shown previously that constitutive
expression of LFY in Arabidopsis can result in the formation of rosette-flowers. Also, one of rosette-flowering species,
Jonopsidium acaule, shows an expanded zone of LFY expression when tested by in situ hybridization. Therefore, we are
using a transformation approach to evaluate whether LFY might be the key genetic difference between three rosetteflowering species and their inflorescence-bearing relatives (as represented by Arabidopsis). Clones of LFY orthologs
with their cis-regulatory regions were obtained from the rosette-flowering plants using a genome-walking method. We
are examining the effect of the exogenous genes in both mutant and wild-type backgrounds by transforming LFY/lfy
heterozygous Arabidopsis and analyzing the transgenic progeny. We will also introduce GUS-reporter constructs to
examine the ability of the 5' regulatory regions from rosette-flowering species to drive expression in the Arabidopsis
genetic background. If the rosette-flowering species show expanded zone of LFY expression and if transformants show
elements of rosette flowering then we would have evidence that LFY regulation played a role in the evolutionary loss of
the inflorescence. A genomic approach using microarrays is currently under consideration to facilitate the identification
of other critical genes for the evolution of rosette-flowering.
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CPR5, a novel regulator of cell death

Lisa Anderson, Scott Bowling, and Xinnian Dong
Duke University
The cpr5 mutant (constitutive expresser of pathogenesis related genes) is characterized by constitutive resistance to
the virulent pathogens Pseudomonas syringae pv. maculicola ES4326 and Peronospora parasitica Noco2. It has elevated
levels of salicylic acid (SA), a chemical whose biosynthesis has been shown to be induced by and required for systemic
acquired resistance (SAR). In addition, it has several developmental phenotypes: reduced trichomes, reduced cell expansion
and a loss of apical dominance. Importantly, it also spontaneously develops lesions that have been demonstrated to
mimic the hypersensitive response (HR).
The CPR5 gene was cloned using a map-based approach and the full-length genomic sequence complemented all
cpr5 mutant phenotypes. The gene encodes a novel 62 kD protein with five predicted transmembrane domains. The fulllength cDNA was obtained through RACE and expressed in cpr5-1, cpr5-2 and ColWT plants under the control of the
CaMV 35S promoter. Expression of the CPR5 cDNA in the mutant background rescued the morphological and disease
resistance phenotypes. The cDNA complemented lines showed levels of susceptibility to virulent pathogens comparable
to that of ColWT. However, in the WT background, over-expression of the CPR5 cDNA resulted in abnormal developmental
and cell death phenotypes. These transformed plants displayed a loss of apical dominance and early senescence of the
cauline leaves. Cosuppressed lines displayed a more severe phenotype then either cpr5-1 or cpr5-2 mutant allele. These
data suggest that neither mutant is the result of a complete loss of function of the CPR5 protein and that the regulation of
CPR5 expression is important to normal development.
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Identifying components of stress/disease signalling pathways leading to Arabidopsis
GST6 gene expression

Carol R. Andersson1, Rhonda C. Foley1, Wenqiong Chen23 and Karam B. Singh1
1
CSIRO Plant Industry, Australia, 2MCDB, UCLA, USA, 3Current address, TMRI Syngenta, USA
Glutathione S-transferases (GSTs) detoxify a range of xenobiotics by conjugation to glutathione and play a role in
protection of tissues against oxidative damage. Expression of the Arabidopsis GST6 gene is induced by auxin, salicylic
acid (SA) and H2O2, implicating this gene in plant stress/defence responses. This regulation is mediated in part by a 20bp
ocs promoter element, although other elements are also involved (Chen and Singh, 1999). The plant ocs/as-1 element
was initially characterised in the Agrobacterium octopine synthase (OCS) gene promoter and the CaMV 35S promoter,
where it has apparently been exploited by the pathogen for expression within infected plant cells. Expression of an ~800
bp GST6 promoter fragment in response to SA and H2O2 occurs primarily in the root, making this an ideal system for
exploring the less studied below-ground responses of plants to stress and disease. GST6::luciferase and ocselement::luciferase reporter lines are being used in screens for mutants in the SA and H2O2 signalling pathways. Root
expression of luciferase from seedlings grown on agar plates is visualised using a cooled CCD camera system, allowing
a high throughput, non-invasive mutant screen. Following EMS mutagenesis, a large number of M2 plants have been
screened and several putative mutants have been isolated. Progress with screening and phenotype characterisation will
be presented.
Chen, W. and Singh, K.B. (1999) Plant J. 19:667-677.
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Genetic Analysis of Disease Resistance Mediated by the EDR1 MAPKK Kinase

Katy M. Christiansen, Catherine A. Frye, Laura E. Miller, and Roger W. Innes
Indiana University, Bloomington
EDR1 was identifed as a possible regulator of defense responses through a screen for Arabidopsis mutants with
enhanced disease resistance (Frye and Innes, 1998). The edr1 mutation confers enhanced resistance to both Erisyphe
cichoracearum (powdery mildew) and Pseudomonas syringae (bacterial speck). Mutant plants are able to prevent the
formation of E. cichoracearum conidiophores and also form large lesions uncharacteristic of this interaction. Because of
these phenotypes, it is thought that EDR1 acts a negative regulator of defense responses. EDR1 encodes a putative MAP
kinase kinase kinase, showing homology to CTR1, a negative regulator of ethylene responses (Frye et al., 2001). In order
to understand how EDR1 may negatively regulate defense responses, we are currently conducting two experiments to
identify components that are part of or interact with the EDR1 pathway. First, we are mapping the genetic location of an
EDR1 enhancer, eed1. Mutants in EED1 show a necrotic phenotype similar to senesence that begins quite early in the
plant’s life cycle. This phenotype begins in the oldest leaves and eventually spreads to all the leaves, indicating this is a
developmentally regulated phenomenon. These plants remain fertile and produce seed, however. In a population derived
from a backcross to wild-type plants, the eed1 mutant phenotype segregated 1/16, suggesting that it is dependent upon
the edr1 mutation. Using a combination of markers that are linked to EDR1, we have confirmed that plants displaying
this necrotic phenotype are homozygous for edr1. In addition to this approach, we are also using Yeast Two-Hybrid
analysis to uncover downstream components. Library screening and directed experiments using putative MAPKKs will
be used in this analysis to identify the possible target(s) of EDR1. Identification of a MAPKK would confirm that EDR1
functions at the top of a classical MAP kinase cascade.
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Transgenic Expression of the Bacterial HR Elicitor Harpin Activates the SAdependent and Jasmonate/Ethylene-dependent Defense Pathways in Arabidopsis.

Jay De Rocher, Carolyn Hutcheon, and Zhongmin Wei.
EDEN Bioscience Corporation, 11816 North Creek Parkway North, Bothell, Washington, 98011
Harpin is a protein elicitor secreted by a number of bacterial pathogens of plants. Infiltration of harpin (HrpNEa)
from Erwinia amylovora into leaves causes a hypersensitive response. Topical application of purified HrpNEa on plants
induces systemic acquired resistance (SAR) and resistance to a variety of bacterial, viral, and fungal pathogens, and
increases growth. The HrpNEa gene was stably introduced into Arabidopsis to evaluate whether effects of topical application
can be reproduced by transgenic expression of harpin and to gain insight into mechanisms of harpin action. To test the
effects of extracellular vs. intracellular targeting of harpin protein, expression constructs were made with or without a
signal sequence fusion to the harpin N-terminus. The nopaline synthase promoter (NOS) was used to provide constitutive
harpin expression. Although harpin is an HR elicitor, constitutive expression did not have detrimental effects on plant
growth or health. Topical application of harpin induces expression of the SA-dependent pathway marker gene PR1 and
the jasmonate/ethylene-dependent pathway marker gene PDF1.2, and inhibits infection by Pseudomonas syringae pv.
tomato DC3000. Non-segregating third generation transgenic lines were examined for expression of PR1 and PDF1.2.
In lines expressing harpin with the N-terminal signal sequence, both PR1 and PDF1.2 were expressed constitutively.
PR1 and PDF1.2 mRNAs were undetectable in lines expressing harpin lacking the signal sequence indicating that the
site of action for harpin-mediated induction of these defense pathways is extracellular. Independent T3 lines were resistant
to DC3000 infection relative to wild type plants. Increased rosette size, root mass, and accelerated bolting were displayed
by independent lines expressing harpin. Our initial results indicate that expression of harpin in transgenic plants elicits
defense and growth responses that reproduce those obtained from topical application of harpin.
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Towards the identification of plant host genes which contribute to compatible
Arabidopsis-Peronospora parasitica interaction

Nicole M. Donofrio, Y. Karen Li and Terrence P. Delaney
Cornell University
While the molecular bases of defense reactions in plants against pathogens are well studied, little is known about
host factors involved in compatible plant-pathogen interactions. Plant genes that contribute to successful growth of
compatible pathogens are potentially interesting because they may reveal important details about interactions between
hosts and pathogens, as well as identify novel targets for the development of strategies to protect plants against disease.
To identify host genes involved in compatible plant-pathogen interactions, we used genetic and molecular techniques to
examine Arabidopsis after infection with the obligately biotrophic oomycete Peronospora parasitica. For our genetic
screen, we mutagenized and screened Ws-0 nim1-1 plants after inoculation with the P. parasitica isolate Emwa1, which
is pathogenic on Ws-0, and highly virulent on defense-suppressed nim1-1 plants. We have thus far discovered two
mutants with severely reduced pathogen growth. Both show microscopic pathogen-induced lesions, but without constitutive
or induced expression of the defense genes PR-1 and PDF1.2. Further, one of the mutants shows compatibility to the
bacterial pathogen Pseudomonas syringae pv. syringae DC3000, suggesting that its phenotype is specific to compatible
Peronospora. In a companion molecular study, we used cDNA-AFLP to identify ten plant genes induced or repressed
during compatible pathogen growth. We reasoned that the expression of some of these may be manipulated by the
parasite for its own benefit. In follow-up studies, we used northern analyses to monitor the expression patterns of the
genes after plants were treated with biotic and abiotic elicitors of defense. Of seven compatible-Peronospora-specific
genes, three are induced and four are repressed. Three others, including an Arabidopsis homolog of the barley Mlo gene,
are up-regulated both by compatible Peronospora growth and various other inducers. Together, these results suggest that
we may have identified a set of host genes whose expression is altered by compatible pathogen growth. Functional tests
are underway to determine whether these genes are required for successful compatible pathogen growth.
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Crosstalk of phytochrome signaling with the SA-perceptive pathway in Arabidopsis

Thierry Genoud1, Antony J. Buchala1, Nam-Hai Chua2, and Jean-Pierre Métraux1
1
Département de Biologie, Université de Fribourg, Switzerland; 2Laboratory of Plant Molecular Biology, The
Rockefeller University, NY, USA.
The interference of phytochrome signaling with the SA-signal transduction pathway has been investigated in
Arabidopsis using single and multiple mutants affected in light perception (phyA- and phyB- deficient) and light-signal
processing (psi2, phytochrome signaling). The induction of PR1 by SA and functional analogs has been found to strictly
correlate with the activity of the signaling pathway controlled by both phyA and phyB photoreceptors. In darkness as
well as dim light, and independently of a carbohydrate source, SA-induced PR gene expression as well as the hypersensitive
response to pathogens (HR) are strongly reduced. Moreover, the initiation of HR also exhibits a strict dependence upon
both the presence and the amplitude of a phytochrome-elicited signal. The growth of a compatible race of bacterial
pathogens (Pseudomonas syringae pv maculicola) was enhanced in phyA-phyB and decreased in psi2 mutants. While
functional chloroplasts were found necessary for the development of an HR, the induction of PR genes was strictly
dependent on light, independently of functional chloroplasts. Taken together, our data demonstrate a crosstalk between
the light-induced signaling pathway and the pathogen/SA-mediated signal transduction route. These data will be presented
in a Boolean formalism corresponding to the interface of a digital program that allows qualitative computer simulation.
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Mutation of an Arabidopsis Copine Gene Triggers Cell Death and Increased Disease
Resistance

Niranjani Jambunathan and Timothy W. McNellis
Intercollege Graduate Program in Plant Physiology, and Department of Plant Pathology, Pennsylvania State
University, University Park, PA 16802
We have identified and characterized an Arabidopsis copine mutant (cpn1-1) with improved resistance to virulent
strains of Pseudomonas syringae pv.tomato and Peronospora parasitica. The copines are a newly identified protein
class that is highly conserved from nematodes to plants to humans and they may be involved in calcium signaling and
membrane trafficking. The phenotype of cpn1-1 is strongly dependent on relative humidity. The cpn1-1 mutant exhibits
constitutive defense responses and increased disease resistance when grown under low humidity conditions (LH) (4045% relative humidity) but behaves like the wild type when grown under high humidity conditions (HH) (75-80%
relative humidity). LH-grown cpn1-1 mutants are stunted and have curled leaves with minute necrotic lesions that
resemble the hypersensitive cell death response and constitutively display biochemical and molecular markers of defense.
This is the first humidity-dependent lesion mimic mutant reported and the first report that a copine may play a role in
defense signaling. Our analyses suggest that the CPN1 gene encodes a repressor of cell death and defense.

359

Genetic dissection of dnd1-mediated resistance

Grace Jurkowski, Amy Rettler, and Andrew Bent
Department of Plant Pathology, University of Wisconsin-Madison
The Arabidopsis dnd1 mutant exhibits high levels of resistance to bacterial, fungal, and viral pathogens and exhibits
an inability to elicit the HR. To further understand the genetic mechanisms that regulate constitutive resistance and
suppression of HR cell death in dnd1, we are carrying out epistasis experiments with other Arabidopsis defense mutants.
Separately, we are performing a screen to identify genetic suppressors of dnd1. Initial work with double mutants has
monitored the dwarf plant size, which is related to elevated levels of salicylic acid. We are presently performing bacterial
growth and HR assays.
Plant size phenotypes suggest an additive effect between cpr5 and dnd1, and between dnd1 and dnd2. The double
mutants from these crosses exhibit a superdwarf appearance (smaller than both parents), suggesting that these mutations
activate defenses by initially disparate mechanisms rather than as part of the same pathway. In contrast to these results,
introduction of ndr1 into a dnd1 background partially relieves the dwarf phenotype of dnd1, suggesting that ndr1 is an
important mediator of at least part of the dnd1-elicited phenotype. Surprisingly, a dnd1 npr1 mutant does not relieve
dwarfism in dnd1. This double mutant suggests that dnd1 acts via pathways that are independent of npr1. In further
support of this hypothesis, dnd1 npr1 plants exhibit strong constitutive activation of a β-glucanase:GUS gene fusion.
Additional work on these epistasis experiments and our dnd1 suppressor screen will be reported.
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Developmental Defects Associated with TuMV P1/HC-Pro Expression in Arabidopsis

Kristin D. Kasschau, Cesar Llave and James C. Carrington
Department of Botany and Plant Pathology, and Center for Gene Research and Biotechnology, Oregon State
University, Corvallis, OR 97331-7303
Turnip Mosaic Potyvirus (TuMV) causes severe morphological and developmental defects in the C24 ecotype of
Arabidopsis thaliana. Infected leaves are stunted, deeply serrated and display a mosaic pattern. The bolts are stunted and
curled. TuMV-infected arabidopsis flowers display several developmental defects, including narrow sepals, split carpels,
and aborted anthers. Some but not all flowers on infected plants have homeotic-like defects, such as staminated sepals
and carpellated petals. C24 plants systemically infected with TuMV are sterile. Interestingly, many of these defects are
caused by P1/HC-Pro, an RNA silencing suppressor required for virus replication and systemic movement through
plants. Transgenic arabidopsis expressing the 35S-TuMV P1/HC-Pro gene have the same developmental defects as the
TuMV infected plants. The role of P1/HC-Pro silencing suppression activity on these developmental malformations is
under investigation.
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Hormone responses in oxidative stress

Markku Keinänen, Hannele Tuominen, Kirk Overmyer, Jaakko Kangasjärvi
Institute of Biotechnology, University of Helsinki, Finland
Ozone exposure has been shown to elicit many of the defense responses of plants, particularly those induced by
pathogens, and therefore, can be used as a tool to study defenses common to various stresses involving some form of
oxidative stress. Many of the plant defense responses to both biotic and abiotic stresses seem to be regulated by only a
small number of signal transduction pathways mediated by ethylene, jasmonic acid (JA), and salicylic acid (SA). To
elucidate the role of these signaling components in oxidative stress, we exposed Col-0, ethylene insensitive ein2, JA
insensitive jar1, SA insensitive npr1, SA degrading NahG, and ozone sensitive rcd1 (Plant Cell 12:1849) Arabidopsis
plants to 250 ppb ozone for 6 hours. Hormone responses were studied by a cDNA macroarray analysis of 127 stress- and
signaling-related genes, and by analysing the ozone induced changes in concentrations of ethylene, JA and SA in different
mutants by GC-MS. We used cluster analysis for macroarray results to reveal groups of coregulated genes during oxidative
stress and to elucidate hormonal regulatory circuits. The results indicated that cell death triggered by ozone is regulated
by ethylene production and sensitivity, and the antagonistic interaction between SA and JA, and suggest the involvement
of an additional signaling component, ABA.
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Identification and Characterization of Arabidopsis Mutants with Altered
Susceptibilities to Turnip Mosaic Potyvirus

Andrew D. Lellis1, Rachael K. Parkin2, Kristin D. Kasschau1, and James C. Carrington1
1
Department of Botany and Plant Pathology, and Center for Gene Research and Biotechnology, Oregon State
University, and 2Washington State University
To better understand the interactions required between potyviruses and Arabidopsis for infection a model host-virus
system was established using Arabidopsis thaliana and turnip mosaic potyvirus (TuMV). Infection of Arabidopsis with
TuMV causes severe developmental defects that can be used as a phenotypic marker to rapidly identify individuals that
are systemically infected. A mutant screen was carried out to identify mutants with altered susceptibilities to TuMV.
Eleven mutants were recovered from approximately 159,600 M2 plants derived from 14,000 EMS-mutagenized families.
Five of the mutants have been further characterized, revealing two phenotypic classes. Mutants in the first class fail to
support systemic infection by either TuMV or the related potyvirus TEV-GUS. Mutants in the second class exhibit a
slow or limited systemic infection with both TuMV and TEV-GUS. Both classes of mutants support systemic infection
of the unrelated virus turnip crinkle carmovirus. Thus, the mutants were designated loss-of-susceptibility to potyviruses
(lsp). Further genetic characterization of the mutants has identified two independent complementation groups that map
to different regions of chromosome 5.
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Analysis of the Arabidopsis-powdery mildew interaction: cloning and
characterization of mildew-induced lesion mutants.

Marc Nishimura, John Vogel, Shauna Somerville
Carnegie Institution, Department of Plant Biology
The mil (mildew-induced lesions) mutants were identified in a screen looking for increased resistance to the fungal
pathogen powdery mildew (Erysiphe cichoracearum). These resistant mutants abnormally form necrotic lesions ~7 days
after inoculation. These mutants fall into at least 7 complementation groups. The lesion and resistance phenotypes of the
mutants are being examined using a wide range of biotic and abiotic stresses. Three mutants that form lesions specifically
in response to pathogens are being pursued for further characterization and cloning. By cloning and characterizing the
mil mutants we hope to discover novel components of the signal transduction pathways leading to defense responses.
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Characterization of dll1: an Arabidopsis gain-of-function mutant that spontaneously
develops lesions mimicking cell death associated with disease.

Rachel Pilloff, Sendil Devadas, Ramesh Raina
The Pennsylvania State University
A salient feature common to both compatible and incompatible plant-pathogen interactions is host cell death. While
much is known about the mechanisms regulating host cell death during incompatible interactions, very little is known
about the mechanisms regulating host cell death during compatible interactions, especially the role of plant genes in
host-determined susceptibility. Here we describe the characterization of a novel gain-of-function Arabidopsis mutant,
dll1 (disease-like lesions), which spontaneously develops lesions mimicking bacterial speck disease. Following lesion
formation, dll1 plants constitutively express biochemical and molecular markers associated with pathogen infection.
Despite the constitutive expression of these defense-related markers, dll1 is not able to repress the growth of virulent
pathogens. However, dll1 displays normal HR in response to avirulent pathogens, thus indicating that the gene-for-gene
mediated resistance response is functional in these plants. Unlike wild type Col-0, dll1 supports the growth of hrpmutant strains of P.syringae, thus suggesting that dll1 intrinsically expresses many of the cellular processes that are
required for pathogen growth. Through epistasis analyses, we demonstrate that salicylic acid, NPR1, and ethylene signaling
regulate the formation of disease-like lesions in dll1. These results suggest that a) significant overlap exists between the
signaling pathways leading resistance- and disease-associated cell death and b) host cell death during compatible
interactions, at least in part, is genetically controlled by the plant and DLL1 positively regulates this process. Further
characterization of the dll1 mutant and the cloning of the corresponding gene should help increase our knowledge of the
cell death signaling pathways activated during disease.
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alpha-dioxygenase: a role in controlling cell death

Inés Ponce1, Ana Sanz1, Mats Hamberg 2, Carmen Castresana 1
1
Centro Nacional de Biotecnologia, CSIC, Madrid, Spain, 2Karolinska Institutet, Stockholm, Sweden
We have identified a new pathogen induced enzyme of the oxylipin pathway, which as lipoxygenase, catalyze
primary oxygenation of fatty acids. Biochemical studies revealed that this protein is an alpha-dioxygenases (alphaDOXs) which give rise to the formation of a new group of lipid-derived oxylipins. The expression of the Arabidopsis
alpha-DOX1 gene is induced in response to both incompatible and compatible bacterial infections. However the level of
alpha-DOX1 mRNA and dioxygenase activity appears early and reaches higher values when infection promotes a
hypersensitive reaction. Analysis of transgenic alpha-DOX1:GUS Arabidopsis plants revealed that gene expression is
confined to necrotic lesions during the hypersensitive response and to the chlorotic area during a compatible interaction.
Accumulation of alpha-DOX1 transcripts is impaired in SA-compromised plants and induced by SA and by chemical
treatments generating NO, intracellular superoxide or singlet oxygen, three signals reported to act synergically to potentiate
host cell death. Transgenic plants with altered levels of alpha-dioxygenase activity react like wild-type plants to a
compatible pathogen. On the other hand plants with reduced activity develop a more severe necrotic response than wildtype plants to incompatible bacteria or paraquat treatment, and a milder response when alpha-DOX1 was overproduced.
These results suggest that plant alpha-dioxygenases are used to generate lipid-derived signal molecules for a process
that protects plant tissues from cell death. A second alpha-dioxygenase Arabidopsis gene, alpha-DOX2, is presently
being characterized. Mutation of a tomato homolog provokes a severe alteration in plant development, suggesting that
the enzyme encoded by the Arabidopsis alpha-DOX2 gene might catalize a different enzymatic reaction than that
characterized for the alpha-DOX1 protein. alpha-DOX2 enzyme functionality studies are in progress.In addition subcellular
localization of both enzymes is being investigated by using GFP chimeric constructs
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Genetic analysis of disease susceptibility in the Arabidopsis thaliana - Peronospora
parasitica interaction

Paul Schoondermark, Bianca Beusink, Peter J. Weisbeek, Guido Van den Ackerveken
Dept. of Molecular and Cellular Biology, University of Utrecht
The oomycete Peronospora parasitica is a biotrophic pathogen of Arabidopsis thaliana on which it causes downy
mildew. After germination of a spore the plant is penetrated and invading hyphae are formed. The hyphae grow
intercellularly and haustoria develop in adjacent plant cells by invagination of the plasma membrane. The haustorium is
believed to play an important role in reallocation of nutrients and in cell-cell communication. In our research we intend
to find host genes that are important for susceptibility to P. parasitica infection, in particular genes required for the
development and functioning of the haustorium. We have EMS-mutagenised seeds of the highly susceptible A. thaliana
Landsberg erecta mutant eds1-2. From ~3500 M2 families we have isolated 24 dmr (for downy mildew resistant) mutants
with reduced susceptibility to P. parasitica, i.e. showing strongly reduced sporulation of the pathogen. One class of
mutants shows an enhanced resistance phenotype with elevated levels of defense gene expression (e.g. PR-1). We are
currently characterizing a set of dmr mutants in which P. parasitica infection is quickly arrested but haustoria are still
being formed. These mutants do not show enhanced PR-1 expression and no cell death is observed after infection. In
some of these mutants the haustoria have an abberant form and/or are surrounded by callose. We will report on the
analysis of disease susceptibility of dmr mutants to other pathogens and on our effort to map the corresponding genes.
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lra2 Mutants Specifically Affect RPM1 Signaling

Pablo Tornero, David Hubert, and Jeff Dangl
Department of Biology, Coker Hall CB#3280,University of North Carolina. Chapel Hill, NC 27599-3280
Recognition of a pathogen is important for the plant to be able to mount an effective response. While many genes
necessary for recognition of pathogens and subsequent signaling have been identified in Arabidopsis, the exact mechanism
by which pathogen perception and concomitant signaling occurs is still not well understood.
In our lab we study RPM1, which is unique among resistance genes in that it can recognize the products of two
different bacterial genes, AvrRpm1 and AvrB. Using transgenic plants containing AvrRpm1 under an inducible promoter,
we have identified a new mutant, which has lost the ability to recognize AvrRpm1. We have designated this mutant lra2,
for loss of recognition to AvrRpm1. This mutant is also susceptible to DC3000 expressing AvrB, but not to any other
pathogen tested.
We found four alleles of this mutant, which all show nonallelic noncomplementation when crossed to plants lacking
functional RPM1. Thus the F1 progeny of this cross all lack recognition of AvrRpm1. This shows a genetic interaction
between these two genes. We will discuss the above data as well as the current state of our mapping of this gene.
Research supported by NSF grant IBN-9724075.
Postdoctoral Fellowship from the Spanish Ministry of Science and Education to P.T.
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Functional interaction of CBL-type calcium sensor proteins and protein kinases in
various signaling cascades

Verónica Albrecht1, Stefan Weinl1, Klaus Harter2, Jörg Kudla1
1
Molekulare Botanik, Universität Ulm, Albert-Einstein-Allee11, 89069 Ulm, Germany
2
Institut für Biologie II, Universität Freiburg, Schänzlestr.1, 79104 Freiburg, Germany
Calcium signals in plant cells are elicited by a variety of stimuli such as hormones, light and stress factors. We have
recently described a new family of calcineurin B-like (CBL) calcium sensor proteins from Arabidopsis and identified a
specific group of serine-threonine protein kinases as targets of these sensor proteins. A detailed analysis of proteinprotein interaction revealed a conserved 24 aa domain within the C-terminal region of these kinases as necessary and
sufficient to mediate interaction with CBL proteins. This domain defines 24 kinases from Arabidopsis as targets of CBL
sensor proteins indicating that the cellular processes mediated by these kinases are subject to regulation by calcium
signaling. Expression studies indicate a function of these kinases in numerous signaling processes. Comparative CBLkinase interaction studies suggest differential interaction affinity as one of the mechanisms generating the temporal and
spatial specificity of calcium signals within plant cells. Thus various combinations of different CBL/kinase proteins can
form a complex network that connects extracellular signals to defined cellular responses. Results of the molecular and
genetic analyses revealing the function of these proteins and mechanisms leading to their temporal and spatial specificity
in signaling will be presented.
Kudla, J., Xu, Q., Harter, K., Gruissem, W., Luan,S. (1999): Genes for calcineurin B-like proteins in Arabidopsis are differentially regulated by
stress signals. Proc. Natl. Acad. Sci. USA, 96, 4718-23.
Shi, J., Kim, K., Ritz, O., Albrecht, V., Gupta, R., Harter, K., Luan, S., Kudla,J. (1999): Novel protein kinases associated with calcineurin B-like
calcium sensors in Arabidopsis. Plant Cell, 11, 2393-2405.
Albrecht, V., Ritz, O., Linder, S., Harter, K., Kudla, J. (2001): The NAF domain defines a novel protein-protein interaction module conserved in
Ca2+-regulated kinases. EMBO J., 20, 1051-1063.
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The interaction of the obligate biotrophic parasite Plasmodiophora brassicae with
Arabidopsis thaliana.

Andrea Arbeiter, Peter Kobelt, Maria Dolores Sacristán, Hartmut Luerßen, Johannes Siemens
Institute of Biology - Applied Genetics
The obligate biotrophic parasite P. brassicae induces galls in the roots of the model organism A. thaliana. The
ecotype Tsu-0 of A. thaliana revealed to be resistant to P. brassicae isolate eH. The resistance reaction is accompanied
by an hypersensitive re-action. Infected cells were surrounded by necrotic boundaries and thereby the infection area is
encapsulated. This resistance has been shown to be pathotype-specific, dominant and monogenically inherited. The
ecotypes Ze-0, Ta-0 and RLD also show resistance phenotypes and tests for allelism indicate that these ecotypes carry
alleles of the gene RPB1. Using a backcross mapping population from the cross Tsu-0 (RPB1/RPB1) x Cvi-0 (rpb1/
rpb1) consisting of app. 4250 plants we established a high resolution map around the RPB1 gene and mapped the gene
on one large BAC and on the overlapping region of two small BAC-clones. Six gene candidates were localised in the
region of RPB1. Transformation of susceptible lines with gene candidates has been performed to obtain the biological
proof of gene function.
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Identification of Genes Involved in the Response to Water-Deficit Stress

Elizabeth Bray, Marcela Rojas-Pierce, Paul Verslues, Patricia Springer
Department of Botany and Plant Sciences, University of California, Riverside, CA 92521
Two different methods are being used to select/screen for Arabidopsis genes that are expressed and functioning in
response to water-deficit stress. Mutants were selected using an allyl alcohol strategy. A line homozygous for a construct
containing the le25 promoter (a gene from tomato that requires elevated levels of ABA for expression) fused with ADH
in an adh null background was EMS mutagenized. Plants were grown in pools and the resulting seeds were germinated
on plates without stress. Seedlings were transferred to plates conditioned with PEG (low-water potential) in order to
provide a water-deficit stress. After a 2 hr allyl alcohol treatment, seedlings were transferred to high-water potential
plates for a one-week recovery period. Seedlings that survived this treatment were transferred to soil to set seed. In the
secondary screen, seeds from individual plants were tested for proline production in response to water deficit and were
retested for allyl alcohol insensitivity. Interestingly, allyl alcohol resistant lines were recovered that had both increased
and decreased proline accumulation in response to low-water potential treatment. A second method is being used to
identify genes that are expressed in response to a water-deficit treatment. The UC Riverside gene trap lines were screened
for altered patterns of GUS expression in response to seedling wilting. Two plates of each line were grown in a highhumidity chamber. To impose stress, one plate was transferred to a low humidity environment and the lid was removed
from the plate. This treatment increased ABA levels and induced the expression of known water-deficit-induced genes.
After GUS staining, the expression pattern of the control and stressed lines were compared. This method has resulted in
the identification of genes and water-deficit-induced gene expression patterns that have not been previously identified
using other methods.

371

The absence of flavonoids in the chalcone synthase mutant tt4 leads to elevated
auxin transport and impaired gravitropic bending

Dana E. Brown 1, Aaron M. Rashotte 1, Angus S. Murphy 2, Wendy A. Peer 2, Gloria K. Muday 1
1
Wake Forest University,2 Purdue University
Polar transport of the plant hormone auxin controls many aspects of plant growth and development including
gravitropic responses. A number of synthetic compounds have been shown to prevent gravitropism by inhibition of the
auxin efflux carrier complex and may act by mimicking endogenous molecules. Specific flavonoids, from the class of
secondary plant metabolic compounds whose synthesis is regulated by a number of environmental factors, have been
suggested to be endogenous auxin transport inhibitors based on their in vitro activity. Two alleles of the tt4 mutation in
the gene encoding the first enzyme in flavonoid biosynthesis, chalcone synthase, lack flavonoids and have elevated
auxin transport. Elevated auxin transport in tt4 plants can be reversed by growth of plants on naringenin, a flavonoid
precursor. A phenotypic examination of tt4 plants revealed a significant delay in root and hypocotyl gravitropic bending,
along with increased root and inflorescence branching as compared to wild-type, all phenotypes consistent with altered
auxin transport. The localized accumulation of flavonoids can be identified by use of a dye that becomes fluorescent
upon binding flavonoids. Flavonoids are localized to tissues that exhibit gravitropic bending, such as the distal elongation
zone of roots. These results suggest that individual flavonoid derivatives function as endogenous regulators of auxin
transport, which are specifically active in regulation of auxin transport during gravitropic bending. (This work was
supported by NASA grant NAG2 1203 and the NSCORT in Plant Biology at NC State University).
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Does Em protein expression increase osmotic stress tolerance?

Gregory W. Buck, William R. Marcotte, Jr.
Clemson University
One of the major events during seed development is the growth and development of the embryo (embryogenesis).
Accumulation of late-embryogenesis-abundant (LEA) proteins occurs during the maturation stages of embryogenesis of
most angiosperms. . The accumulation of LEA proteins in the embryo has been shown to correlate to increased levels of
the phytohormone ABA and increased desiccation tolerance. Group 1 LEA proteins are thought to protect the embryo
from desiccation by binding and retaining cellular water. The early-methionine-labeled (Em) protein typifies Group 1
LEA proteins and is the single most abundant protein found in wheat embryos. Em protein has been shown to provide
protection against osmotic stress in transformed yeast cells. It was reported that expression of Em enhanced growth in
media of low osmotic potential and had no deleterious effects on growth under normal osmotic conditions. This study
provides further evidence that Em is involved in cellular protection during water-deficit stress. Our objectives are to
determine if system Em expression would enhance salt and water-deficit stress tolerance in plants. Arabidopsis plants
were transformed with the wheat Em gene and 3 mutated Em genes plus a GUS control. Transformed plants were
selected by germinating seeds on media containing 50µg/ml kanamycin through 2 generations. Transformations were
verified by PCR and Southern blot analysis. Seeds of transformed plants were tested for germination under conditions of
hyper-salinity. Seeds were sterilized and spread on 1.3% agar plates containing MS minimal organics with 100, 200,
400, 600, or 800 mM NaCl. Plates were placed in 4°C for 3 days and then placed under continuous light at 25°C. Total
seed number was counted and percentage germination determined. Transformed plants were also grown in soil and
exposed to water-deficit stress. Leaf discs were cut and sampled for water potential, osmotic potential, and water content
and tested by ANOVA with PC-SAS. Results of these tests will be presented.
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A Signal Terminating Gene From Arabidopsis Can Alter ABA Signaling

Ryan Burnette, Bhadra Gunesekara, Mustafa Ecertin, Sara Berdy and Glenda Gillaspy
Virginia Tech
The ability to respond to a variety of biotic and abiotic signals is crucial to many organisms. Signals outside the cell
can be perceived and amplified at the cell membrane by a variety of signaling pathways, including the inositol 1,4,5trisphosphate (IP3) pathway. In plants, there is evidence that common signals such as light, gravity and ABA are perceived
via IP3 signaling. To determine whether the signal terminating enzymes that hydrolyze IP3 are regulatory in plants, we
have identified fifteen putative inositol 5'-phosphatases (5PTases) in the model plant Arabidopsis thaliana. We have
characterized the substrate specificity of one of these enzymes, At5PTase1. At5PTase1 can hydrolyze IP3 and IP4 but
not PIP2 substrates. Phylogenetic analysis of the other fourteen At5PTases suggests that Arabidopsis contains two groups
of 5PTases that differ in their substrate specificity. To discern whether the At5PTase1 gene can terminate IP3-mediated
signaling events, transgenic plants overexpressing At5PTase1 were constructed and demonstrated to contain elevated
5PTase enzyme levels and reduced basal IP3 levels. Leaves from wildtype and transgenic plants were stimulated with
ABA to test whether overexpression of At5PTase1 altered ABA-induced stomatal closure. Transgenic stomata were
shown to be defective in closure, indicating that At5PTase1 overexpression blocks ABA signal transduction. In similar
experiments, we examined the expression of genes previously indicated to be stimulated by ABA signaling (kin1 and
At5PTase11). Induction of these genes occurs rapidly in wildtype plants (within minutes), but is significantly delayed in
At5PTase1 transgenic plants. This indicates that At5PTase1 overexpression can also inhibit the rapid upregulation of
gene expression mediated by IP3 signaling. We are currently examining ABA-stimulated IP3 levels in both wildtype and
transgenic plants to determine if At5PTase1 overexpression can repress IP3 levels during signaling.
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Isolation of hydrotropic mutants in Arabidopsis thaliana

Gladys I. Cassab, Delfeena Eapan, María Luisa Barroso, Manuel Saucedo, Georgina Ponce & María Eugenia
Campos
Department of Plant Molecular Biology, Institute of Biotechnology, P.O. Box 510-3, National Autonomous
University of Mexico, Cuernavaca, Mor. 62250, México.
The survival of a plant depends upon the capacity of root tips to sense and move towards water and other nutrients
in the soil. The primary site for perception of underground signals is the root cap. Roots from all plants respond to
moisture gradients (hydrotropism); however, we still do not know how this tropism works. To study the molecular
genetic mechanisms controlling hydrotropism, we have developed a screening method for isolating hydrotropic mutants
in Arabidopsis thaliana. We have isolated a novel EMS line of A. thaliana mutants that do not respond to hydrotropism
from M2 plants. We have also isolated 1 EMS mutant that responds more rapidly to the hydrotropic stimulus. The
phenotypes of the A. thaliana lines affected in hydrotropism (noh, not hydrotropic; suh or super-hydrotropic) have been
conserved for five generations after M2. Genetic analysis showed that the noh and suh mutations are monogenic and
recessive. Both nohand suhroots responded to gravity and touch stimuli. Noh mutants show a slight stimulation of root
growth in the presence of an auxin transport inhibitor and absicic acid but no differences in root growth were seen when
auxin, ethylene, and cytokinin were added to the medium. Detailed characterization of the noh phenotype showed a shift
in the characteristic organization of the wild type root tip while shuroot tip morphology is similar to wild type roots.
These results show that hydrotropism is amenable to genetic analysis in A. thaliana. Molecular examination of these
new hydrotropic mutants will help to elucidate the mechanisms that allow a plant to perceive and respond to hydrotropism.
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Biochemical properties of a novel isoform of plant peroxiredoxin

Young Hoon Chi, Seung Sik Lee, Kyun Oh Lee, Soo Kwon Park, Jung Ro Lee, Jeong Chan Moon, Ji Young Yoo, Hyo
Jin Son, Moo Je Cho and Sang Yeol Lee
Division of Applied Life Sciences (BK21 program, 2001), Gyeongsang National University, Plant Molecular
Biology and Biotechnology Research Center, Chinju, 660-701, Korea
A cDNA encoding a newly identified isotype of peroxiredoxin (Prx) was isolated from a chinese cabbage flower bud
cDNA library and designated CPrxII. The predicted amino acid sequence of CPrxII has no conserved cysteine, peptide
domain, or signal sequence present in most of the 2Cys-Prx subfamily members. Database searches using the predicted
CPrxII amino acid sequence revealed no substantial homology to other proteins with the exception of the yeast type II
Prx with which CPrxII shares 27.8% sequence identity. However, the CPrxII shows no immuno cross-reactivity to
antiserum of the yeast type II Prx, and vice versa. Southern analysis using the cDNA insert of CPrxII revealed that it
consists of a small multigene family in chinese cabbage genome. The recombinant protein of CPrxII expressed in E. coli
migrates as a dimer in a nonreducing SDS-polyacrylamide gel and as a monomer in a reducing condition. Recombinant
CPrxII was able to protect glutamine synthetase from inactivation in a metal catalyzed oxidation system and to reduce
H2O2 with electrons provided by thioredoxin. This specific antioxidant activity of CPrxII was about 6 fold higher than
that of 2Cys-Prx of the same plant. In contrast to 2Cys-Prx, which is predominantly expressed in leaf tissue of cabbage
seedlings, CPrxII is highly expressed in root tissue as revealed by Northern and Western blot analyses.
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Regulation of metal uptake in Arabidopsis

Erin L. Connolly1, Jennifer H. Barwick1, Brenda Parson2, Charis L. Prichard1, Laura A. Rogers2, Mary Lou Guerinot2
University of South Carolina, 2Dartmouth College
In response to iron deprivation, strategy I plants induce both ferric chelate reductase activity and ferrous iron transport
activity. We now have in hand genes that encode ferric chelate reductase (FRO2) and a ferrous iron transporter (IRT1) in
Arabidopsis. FRO2 is predicted to encode a plasma membrane-bound enzyme belonging to a family of flavocytochromes
that transport electrons across membranes, while IRT1 encodes an integral membrane protein that belongs to the ZIP
family of metal transporters. IRT1 is known to transport iron, zinc, manganese and cadmium. Because iron is both
essential and potentially toxic, the uptake of iron must be carefully regulated; we have taken a number of approaches to
study the regulation of iron uptake. Both FRO2 and IRT1 are expressed in the roots of iron-deficient plants. Time course
experiments demonstrate that FRO2 and IRT1 transcript levels are regulated coordinately in response to iron, zinc and
cadmium, suggesting that regulation of the two genes is mediated by common cis- and trans-acting factors. Transgenic
plants engineered to overexpress IRT1 revealed that IRT1 is subject to post-transcriptional regulation by iron and zinc.
Experiments in yeast suggest that IRT1 is regulated post-translationally via regulated endocytosis in response to high
zinc levels, like the yeast high affinity zinc transporter, ZRT1 (Gitan and Eide, Biochem J. 346:329-336). Thus, it
appears that regulation of IRT1 occurs at two levels and in response to multiple metals. 35S-IRT1 plants show an
enhanced sensitivity to cadmium under iron-deficiency conditions, presumably due to elevated levels of IRT1 protein in
iron-deficient roots. The enhanced sensitivity of the 35S-IRT1 plants to cadmium has allowed the identification of
cadmium resistant mutants. Several of these mutants display alterations in IRT1 protein accumulation and presumably
define factors involved in the regulation of IRT1 accumulation. Analysis of FRO2-GUS transgenic plants reveals that
FRO2 is expressed at high levels in the epidermal cells of lateral roots in iron-deficient plants. Finally, we have constructed
35S-FRO2 transgenic plants; analysis of these plants will be presented.
1
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Structure of a flavin-binding plant photoreceptor domain: Insights into light-mediated
signal transduction

Sean Crosson and Keith Moffat
University of Chicago
Phototropin, a major blue-light receptor for phototropism in seed plants, exhibits blue light-dependent
autophosphorylation and contains two light, oxygen, or voltage (LOV) domains and a serine/threonine kinase domain.
The LOV domains share homology with the PER-ARNT-SIM (PAS) superfamily, a diverse group of proteins involved
in cellular signaling. Each LOV domain non-covalently binds a single FMN molecule and exhibits reversible
photochemistry in vitro when expressed separately or in tandem. We have determined the crystal structure of the LOV2
domain from the phototropin segment of the chimeric fern photoreceptor phy3 to 2.7 Angstrom resolution. The structure
constitutes a novel FMN-binding fold that reveals how the flavin cofactor is embedded in the protein. The single LOV2
cysteine residue is located 4.2 Angstrom from flavin atom C(4a), consistent with a model in which absorption of blue
light induces formation of a covalent cysteinyl-C(4a) adduct. Diffraction data collected on phy3 LOV2 crystals under
continuous illumination by white light reveals a steady-state structure in which the cysteine side chain has moved away
from its ground state position to a new position centered over C(4a) of the flavin ring. Concomitant with this cysteine
side chain motion is a slight tilting of the flavin ring. This steady-state LOV2 structure has a spectrum in the crystal
corresponding to a long-lived metastable intermediate in the LOV2 photocycle and may act as the signalling state of
LOV domains during the phototropic response. Interestingly, residues that interact with FMN in phy3 LOV2 are conserved
in LOV domains from phototropin of other plant species and from three proteins involved in the regulation of circadian
rhythms in Arabidopsis and Neurospora. This conservation suggests that all exhibit the same overall fold and share a
common mechanism for flavin binding and light-induced signaling.
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The sob mutants: activation tagged suppressors of phyB-4

Carie Cufr, Jen Bernard, Kathleen Q. Tang, Michael M. Neff
Washington University, Department of Biology, St. Louis MO, 63130 USA
Loss-of-function genetic screens in Arabidopsis have been used to identify roles for the photomorphogenic
photoreceptors phytochromes (phy) and cryptochromes (cry) during seedling deetiolation and plant development. However,
given the complexity of photomorphogenic development and the relatively few genes in these processes that have been
identified in loss-of-function mutant screens, it is clear that this approach will not allow the genetic elucidation of all the
signaling components downstream of phytochromes and cryptochromes. Since loss-of-function screens may not identify
redundant or essential components in these pathways, we are employing a gain-of-function activation-tagging screen for
suppressors of the long hypocotyl phenotype of the weak allele phyB-4. phyB-4 plants are transformed via Agrobacterium
tumefaciens with a T-DNA containing four copies of enhancer regions from the CaMV 35S promoter, a kanamycin
resistance gene for plants, an E. coli origin of replication and bacterial ampicillin resistance. This screen has led to the
identification and cloning of at least one new suppressor of phyB (dominant), sob1-D. The sob1-D mutant has a long
hypocotyl in the dark, indicating that this plant is capable of normal etiolated growth. sob1-D mutant seedlings are
hyper-responsive to far-red, blue and white light. The hyper-response to blue and far-red light requires cry1 and phyA
respectively, placing this mutation downstream of these two photoreceptors. The sob1-D mutation fully suppresses a
null phyB allele in white light indicating that this suppressor does not require phyB activity to be functional, and genetically
placing this as a bypass suppressor of phyB. Cloning of the sob1-D mutation indicates that these phenotypes are most
likely caused by the over-expression of a transcription factor. We hypothesize that this transcription factor is a point of
convergence between phyA and cry1 signal transduction pathways.
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Using Arabidopsis as a Model to Study the Induction of Herbicide Detoxification
Systems by Safeners

Benjamin P. DeRidder1, David P. Dixon2, Douglass J. Beussman1, Robert Edwards2, Peter B. Goldsbrough1
1
Purdue University, 2University of Durham
Herbicide selectivity is central to the success of chemical weed control in agriculture. For years, herbicide safeners
have been used to enhance the selectivity of weed control in cereal crops. Safeners act predominantly by inducing
herbicide detoxifying enzymes such as glutathione S-transferases (GSTs). Safener-induced GSTs can conjugate an
herbicide to glutathione (GSH), thereby providing tolerance to that compound. However, little is known about how
safeners induce detoxification systems in plants. This investigation seeks to use Arabidopsis as a model to study safener
response mechanisms in higher plants. Treatment of Arabidopsis seedlings with safeners resulted in increased GST
activity against both the model substrate CDNB and herbicide substrates. GSTs from safener-treated seedlings were
purified by GSH-affinity chromatography and displayed by 2-D SDS-PAGE. A 25.6 kD protein that was induced by a
number of safeners was identified by MS analysis of trypsin-digest fragments as a novel GST, AtGSTU2. When expressed
in E. coli, AtGSTU2 has high CDNB activity and is able to conjugate several chloroacetamide herbicides at rates similar
to those reported for GSTs in sorghum and maize. Based on its high level of activity with CDNB and herbicides, and its
abundance in protein extracts, it is likely that AtGSTU2 is the major contributor to the increase in GST activity following
safener treatment. RNA blot analysis confirmed that AtGSTU2 transcript levels increase in response to safeners that are
utilized in cereal crops to increase chloroacetamide herbicide selectivity. RNA blot analysis using cDNA probes
representing other Arabidopsis GSTs showed that expression of a number of GSTs is upregulated in response to safeners.
However, all safeners do not induce the same profile of GSTs in Arabidopsis, suggesting that multiple pathways are
involved in safener regulation of GST expression. Analysis of transgenic Arabidopsis lines overexpressing AtGSTU2 as
well as reporter gene constructs driven by the AtGSTU2 promoter will add to our understanding of the regulation and
function of safener-induced GSTs in plants.
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Repetitive Action Potentials Induced In Arabidopsis thaliana C24

Patrick Favre, Hubert Greppin and Robert Degli Agosti
Laboratory of Plant Biochemistry and Physiology, University of Geneva
Communication inside the whole plant is necessary for its adaptation to environmental modifications. Intercellular
communication can be achieved via chemicals, hydraulic pressure and electrochemical pathways. The typical selfpropagated electrochemical variation is characterized by an action potential (AP). To our knowledge, APs have still not
been observed in A. thaliana, which is a model organism for basic research in plant molecular and developmental
genetics. We propose an experimental method to elicit bioelectrical events in the leaf of this plant and present our results
in
order
to
illustrate
certain
properties
of
these
APs.
Bioelectrical measurements were made on the leaf of Arabidopsis with extracellular electrodes located along the midrib.
The method, named “prick and drop”, consists in applying a drop of KCl (1 M) solution to a wound made by a prick on
the leaf of an intact Arabidopsis plant. It was experimented in two different conditions: interruption of light and continuous
light. Both induce effective spike responses >90 % efficiency), known as repetitive action potentials (RAP). However
the calculated appearance of the APs was different in the two experimental conditions, in the light interrupted experiment,
the dark transition gave lower but more homogenous amplitudes. We also observed two kinds of spikes with this “prick
and drop” method: APs that propagate rapidly and graded potentials with a large wave and a slow propagation (0.3 + 0.1
mm.s-1). Our experiments inspired from the results of RAP observed in C. conicum, show clearly the existence of APs in
A. thaliana by setting up an efficient and easily reproducible method.
Favre P, Zawadzki T, Dziubinska A, Trebacz K, Greppin H, Degli Agosti R. 1999. Repetitive action potentials
induced with a single stimulus in the liverwort Conocephalum conicum. Arch Sci Genève 52: 187-198
Favre P, H Greppin, and R Degli Agosti. 2001. Repetitive action potentials induced in Arabidopsis thaliana leaf by
potassium chloride solution. Plant Physiol Biochem (Submitted).
favre@cuimail.unige.ch
http://www.unige.ch/LABPV
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Multiple Photosensory Systems Coordinately Regulate Blue-Light-Mediated
Hypocotyl Growth Inhibition

Kevin M. Folta and Edgar P. Spalding
Department of Botany, University of Wisconsin
The hypocotyls of etiolated seedlings grow rapidly in darkness. Upon illumination with blue light, dark-grown
seedlings exhibit a membrane depolarization and virtual arrest of hypocotyl growth within 30 s. Because these responses
occur almost immediately and are not affected by red light, they are particularly applicable to studies of photoreceptor
action in early blue-light signaling. Our laboratory has used electrophysiological and high-resolution imaging techniques
to describe the kinetics of light-induced depolarization and of growth inhibition in Arabidopsis seedlings. We have
analyzed a series of photoreceptor mutants and have monitored their effect on anion-channel-mediated depolarization,
immediate growth inhibition (0-30 min), and long-term growth inhibition (30-120 min). The high-resolution kinetic
analyses in various genetic backgrounds has led to identification of early transient roles for phototropin (nph1),
cryptochrome2 (cry2) and phytochromes that are not evident after long-term growth under constant blue light. Phototropin,
cryptochrome1 (cry1), cry2, and phytochrome A (phyA) are all required for normal amplitude of membrane depolarization.
The nph1 receptor mediates the immediate growth inhibition induced by blue light, and is also required for normal longterm growth suppression. The NPH3 protein (a putative scaffold protein required for phototropism) is not required for
nph1-mediated growth inhibition, and therefore represents the bifurcation of the growth suppression and phototropism
transduction systems. The cry1, cry2 and phyA receptors are all required for growth inhibition between 30-120 min and
act with an identical time course, suggesting they operate through a common mechanism. The phytochrome B (phyB)
receptor does not influence depolarization and in contrast to cry1, cry2 and phyA, mediates a positive influence on
growth that opposes light-induced inhibition. These high-resolution studies show that during the first 120 min in bluelight growth rate is determined by the influence of multiple photosensory systems, and that the instantaneous rate of
growth is the balance between inhibition regulated through cry1, cry2 and phyA, opposed by growth promotion initiated
by phyB.
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A clock-regulated promoter motif in Arabidopsis thaliana

Stacey L. Harmer* and Steve A. Kay
The Scripps Research Institute, La Jolla, CA 92037
*staceyh@scripps.edu
Like many other organisms, plants possess internal biological clocks that help them coordinate internal events with
the external environment. This circadian clock allows plants to anticipate the environmental changes that occur every 24
hours, most notably the rising and setting of the sun. The widespread presence of circadian rhythms across taxa suggests
that they provide organisms with an adaptive advantage.
In all organisms studied thus far, a transcriptional/translational feedback loop lies at the heart of the circadian
oscillator. This central clock often controls output genes at the transcriptional level. Using high-density DNA microarrays,
we have recently identified over 450 clock-regulated genes that cycle at the steady state mRNA level in Arabidopsis.
Promoter analysis of these genes led to the identification of a conserved 9-nucleotide motif found in many clockregulated genes with peak expression at the end of the subjective day (Harmer et al (2000), Science 290:2110-3). We
previously showed that this evening element (EE) is required for conferring circadian rhythmicity on a reporter gene. In
the work presented here, we show that the EE itself is sufficient to confer circadian rhythmicity on a reporter gene and
investigate transcription factors that bind to it. Through this study, we hope to learn how the circadian clock regulates
distinct phases of gene expression.
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ABI3 mediates induction of AtPer1 in response to treatment with ABA or oxidative
stress

Camilla Haslekås, Silje H. Nordgard, Tage Thorstensen, Marte K. Viken, Vigdis Nygaard, Trine J. Meza, Reidunn B.
Aalen
Division of Molecular Biology, Department of Biology, University of Oslo, Norway
Peroxiredoxins (Prx) belong to a group of antioxidants found in organisms ranging from bacteria to humans, and
also in plants. This antioxidant group can be divided into two subgroups, 1-Cys and 2-Cys, according to the number of
conserved cystein residues. The 1-Cys Prx AtPer1 in Arabidopsis thaliana and Per1 in barley are only expressed in the
embryo and aleurone layer, the only two tissues surviving desiccation of the seed. These genes are expressed in a
dormancy related manner, in that they disappear during germination, but are maintained in dormant seeds. To investigate
a suggested role in dormancy maintenance, transgenic Arabidopsis plants over expressing 1-Cys protein has been made,
and plants with a reduced level of AtPer1 is under preparation.
Peroxiredoxins have in vitro been shown to protect lipids, DNA and certain enzymes against thiyl and oxygen
radicals, and both PER1 and AtPER1 have been shown to have antioxidant activity in vitro. They have been suggested to
protect tissues from reactive oxygen species during desiccation and early imbibition.
Expression of the 1-Cys genes cannot be induced by ABA in vegetative tissue, but have been detected in vegetative
tissues of transgenic Arabidopsis plants ectopically expressing ABI3. Exposure to oxidative stress like H2O2 or hydroquinon
(HQ) can also induce expression in 11 days old seedlings in this background. Both the AtPer1 and Per1 promoters
contain a putative antioxidant responsive element (ARE) and an ABA responsive element (ABRE). A promoter-deletion
series of the AtPer1 promoter fused to GUS has been constructed to investigate the function of these elements, and has
also revealed 250 bp of the promoter to be sufficient for activation of the promoter in the presence of ABA and ABI3.
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Functional studies of ClpB/HSP100 family proteins in Arabidopsis.

Suk-Whan Hong, Ung Lee and Elizabeth Vierling
Department of Biochemistry & Molecular Biophysics, University of Arizona, Tucson, AZ 85721, USA.
The Hsp100/ClpB family of molecular chaperones are found in bacteria, yeast, certain parasitic protozoans, and
plants. These proteins have two essential ATP binding sites and are part of a larger class of AAA+ chaperone-like
ATPases that are involved in the assembly, operation or disassembly of protein complexes. Proteins of this family are
induced by heat shock, exposure to ethanol or cadmium and during periods of nutrient starvation. The Hsp100/ClpB
proteins in plants also accumulate at specific developmental stages such as seed maturation. Three genes, AtHSP101,
AtHSP92.7 and AtHSP98.7 , belong to ClpB/HSP100 family in Arabidopsis. AtHSP101 has been shown to be essential
for the development of thermotolerance to high temperature, but to be dispensable under normal growth, despite significant
accumulation in seeds. The functions of AtHSP92.7 and AtHSP98.7, which are very similar to AtHSP101 at the amino
acid level (75.9 or 65.1% similar, respectively), remain unknown. To understand the biological roles of AtHSP92.7 and
AtHSP98.7, we have isolated T-DNA insertion knock-out mutants in these genes by use of sequence-based PCR screening.
These knock-out mutants show wild type growth and development under optimal conditions. They also acquire
thermotolerance like wild type plants in conditions under which an AtHsp101 knockout mutant fails to develop
thermotolerance. This result is consistent with the absence of heat shock elements in the promoter region of the AtHSP92.7
and AtHSP98.7 genes. Double mutants of AtHsp98.7, AtHsp101 and AtHsp92.7,AtHsp101 have been generated to test
the possible complementation of their activities during normal growth. In addition, the effect of other abiotic stresses
such as salt, drought and cold on these mutants and the double mutants is being tested.
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Genetic Control of Homeostasis in Plant Growth

Jian Hua1, Paula Grisafi1, and Gerald R. Fink2
1
Whitehead Institute for Biomedical Research, 2Department of Biology, Massachusetts Institute of Technology,
Cambridge, MA 02142
Wild type Arabidopsis plants grow to roughly the same size over a wide range of temperatures. Maintenance of plant
size over these temperatures requires the BON1 gene because bon1 null mutants at 22°C make miniature fertile plants,
which have both smaller and fewer cells than the same plant at 28°C. BON1 is expressed in growing tissues (young
leaves and the apical elongation portion of the stem). Moreover, the transcription of BON1 and BAP1 (BON1 Associated
Protein) are regulated by temperature: they have elevated expression when plants are grown at low temperature. These
expression patterns suggest that BON1 has a direct role in regulating cell division and expansion at low temperature.
The BON1 protein is associated with the plasma membrane as shown by fractionation experiments and transient
expression in protoplasts. BON1 protein contains a Ca2+ dependent phospholipid-binding domain and promotes aggregation
of lipid vesicles in vitro. BON1 is a member of the copine gene family, which is highly conserved from protozoa to
humans. Our data suggest that the copine gene family may function in the pathway of membrane trafficking and at least
one member of the family, BON1, is required to maintain membrane function at lower temperature.
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A pleiotropic Arabidopsis mutant with altered root wave pattern

Kai F. Hung, Kathleen C. Carroll, Tara H. Shulz, and Patrick H. Masson
Department of Genetics, University of Wisconsin-Madison, WI 53706
A screen for seedlings with altered root wave pattern on titled agar surface was conducted in an Arabidopsis thaliana
population mutagenized by a modified Ac/Ds system from maize. The mutant wvc16 was identified and isolated for its
compressed root wave pattern. Besides defects in root waving on tilted agar surface, the mutant also exhibits other
morphological defects such as curly rosette and cauline leaves, kinked siliques, curly pedicles, and extended petals. In
addition, the stems of wvc16 curl, some of which then uncurl over time. The mutant responds to gravity in a manner
comparable to wild type plants. Comparison of root growth rate under the influence of exogenous IAA and 2,4-D at
various concentrations between wild type and mutant revealed no significant difference. Using adapter PCR, the Ds
insertion site was identified within the first predicted exon of a novel and hypothetical gene. Northern blot analysis and
RT-PCR results both suggested that the mutant is over-expressing a mutant form of WVC16. Genetic, molecular, and
physiological studies are being carried out to further characterize the nature of the wvc16 mutation.
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Function of Arabidopsis NCED Genes in the Biosynthesis of ABA under Drought
Stress

Satoshi Iuchi, Masatomo Kobayashi, Kazuo Shinozaki
RIKEN
Neoxanthin cleavage enzyme (NCED) catalyses a key step in the biosynthesis of ABA. We have cloned a cDNA
(VuNCED1) that encodes NCED from Vigna unguiculata (cowpea). The expression level of VuNCED1 was upregulated
by drought stress. (Iuchi et al. (2000) Plant Physiol. 123: 553-562) There are at least nine genomic sequences that share
relatively high homology with VuNCED1 in Arabidopsis thaliana. Among the putative AtNCED genes, AtNCED3 was
expressed significantly under drought condition. The enzyme activity of the recombinant AtNCED3 protein was analyzed
to reveal that AtNCED3 encodes active NCED. In the transgenic plants, expression level of AtNCED3 was correlated
with endogenous ABA level and drought tolerance. Present results indicate that upregulation of the expression of AtNCED3
is responsible for the accumulation of ABA under drought condition.
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IDENTIFICATION OF A CYTOCHROME P-450 INVOLVED IN ARABIDOPSIS HIGH CO2
INSENSITIVE RESPONSE

Judith Jebanathirajah*, Fernando Ferreira, Tara Narwani, Rowan Sage, Sylva Donaldson, John R. Coleman
Department of Botany, University of Toronto, Canada and *Protein Research Group, Department of Molecular
Biology and Biochemistry, University of Southern Denmark, DK
As atmospheric levels of CO2 continue to rise, there is significant interest in the mechanisms by which plants can
respond to these changes. To identify specific genes involved in high CO2 acclimation, we have been screening for
Arabidopsis mutants that exhibit a non-wild type response when exposed to elevated (1000 ppm) CO2 concentrations.
One class of mutants that has been characterized are designated CO2 non-responsive (cnr) in that they do not display the
typical stress responses of increased anthocyanin production, leaf cupping, and stunted growth found in wild type plants
exposed to similar high CO2 levels. Molecular characterization of one such mutant, cnr2-1, indicates that T-DNA
inactivation of a cytochrome P450 monooxygenase gene has resulted in the CO2 insensitive phenotype. As found in
other cnr mutants, the expression of photosynthetic genes such as rbcS, chloroplastic carbonic anhydrase (ca1), and cab
in cnr2-1 is not significantly reduced by high CO2 exposure as seen in wild type plants. In addition, this mutant also
appears to be more drought tolerant than wild type plants. The impact of this lesion on the photosynthetic characteristics
of the mutant, desiccation tolerance, growth on glucose, and a possible link with ABA metabolism will be discussed.
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Analysis of Arabidopsis old mutants allows the construction of a regulatory pathway
for leaf senescence

Hai-Chun Jing, Marcel J.G. Sturre, Jacques Hille, and Paul P. Dijkwel
Molecular Biology of Plants, Groningen Biomolecular Sciences and Biotechnology Institute, University of
Groningen, The Netherlands
Leaf senescence is a genetically controlled process that marks the final stage of leaf development. Ethylene is a
strong modulator of leaf senescence, but it is not believed to control the process itself, as ethylene does not induce
senescence in young leaves, and the leaves of ethylene insensitive mutants do senesce. Only a few genes have been
identified that are involved in the regulation of leaf senescence and the mechanism behind the control of leaf senescence
is not well understood. We have taken a forward genetics approach in order to identify genes involved in the regulation
of leaf senescence. We have isolated several old (for onset of leaf death) mutants that show an altered senescence
phenotype in response to ethylene treatment. The triple response can still be induced, suggesting that the mutants are not
affected in this part of the ethylene signal transduction pathway. Three old mutants have been studied in more detail and
genetic analysis revealed that the mutations are located on 3 different chromosomes. Epistatic analysis suggests that the
affected genes may act in a linear pathway to control leaf senescence.
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Transcriptional regulation of Phosphate transporters in Arabidopsis

Karthikeyan A.S., Varadarajan, D., U.T. Mukatira, Paino D’Urzo Matilde and Raghothama K.G.
Department of Horticulture and Landscape Architecture, Purdue University, West Lafayette, IN 47907-1165
Transgenic plants expressing the reporter genes under the regulation of phosphate (Pi) transporter (AtPT1 and 2)
promoters serves as an excellent tool to study the transcriptional regulation of genes during Pi starvation. In this study
have analyzed transgenic Arabidopsis and tobacco plants expressing reporter genes such as firefly luciferase (LUC) or
β-glucuronidase (GUS) and/or GFP in under the regulation of AtPT1 and AtPT2 promoters. The reporter genes were
specifically induced under Pi starvation in both species. Quantitative analysis of LUC activity in AtPT2:LUC plants
showed a rapid induction during Pi starvation and suppression upon resupply of Pi. The temporal and concentration
mediated expression of reporter genes driven by AtPT2 promoter is identical to that of the native gene. Relatively high
level of expression of LUC and GUS was observed in root tips of AtPT2-LUC/GUS plants. In contrast the expression of
reporter genes was absent in the root tips of AtPT1-GUS/GFP plants. The reporter gene expression driven by AtPT2
promoter was also observed in young flowers, peduncle and silique junctions of Pi starved plants. This data suggests that
AtPT2 may also be involved in the in planta mobilization of the nutrient during Pi starvation. Histochemical analysis of
GUS expression in Pi deficient roots showed a relatively stronger signal in epidermal and endodermal cell layers, and in
root hairs. None of the tested hormones (auxin, ethylene, cytokinin) or abiotic stresses (salt, low and high temperature)
significantly altered the expression of reporter genes.
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FCP-like Phosphatase Gene Family Members (AtFLP) Differentially Regulate
Arabidopsis thaliana Abiotic Stress Signaling, Growth and Development

Hisashi Koiwa, Adam W. Barb, Ray A. Bressan and Paul M. Hasegawa
Dept. Horticulture and Landscape Architechture, Purdue Universoty
Two nonallelic Arabidopsis thaliana (ecotype C24) T-DNA insertion mutants, flp1 and flp3, were identified based on
altered stress regulation of RD29A promoter activity that was monitored using the luciferase reporter gene (RD29A::LUC)
imaging system. Cold or osmotic stress signaling induces RD29A expression, which is an indicator of stress adaptation.
Genetic linkage analysis and complementation data establish that the recessive flp1 and flp3 mutations are caused by TDNA insertions in AtFLP1 and AtFLP3. These genes encode two (of four) members of the phylogenetically conserved
phosphatases that dephosphorylate the C-terminal domain (CTD) of RNA polymerase II (RNAP II); a process that
inhibits transcript elongation. The flp1 mutation causes RD29A::LUC hyperexpression in response to cold, ABA and
NaCl treatment while the flp3 mutation mediates hyper-responsiveness to ABA only. flp1 plants accumulate biomass
more rapidly and exhibit delayed flowering relative to wild type whereas flp3 plants grow slowly and flower early
compared to C24. Hence AtFLP1 and AtFLP3 are negative regulators of stress responsive gene transcription and are
modulators of growth and development. This is the first evidence that plants use CTD phosphatases regulate transcription
elongation and this is a focal control point of complex processes like plant stress responses and development. Apparently,
AtFLPs have both unique and overlapping regulatory circuit functions, perhaps through differential regulation of distinct
and common gene sets.
Research was supported, in part, by the NSF Plant Genome award DBI-9813360.
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Profiling Cold-, Osmotic and NaCl-stress Regulated Gene Expression in Arabidopsis
Using an Affymetrix GeneChip.

Joel Kreps1, Pamela Nero1, Yajun Wu1, Tong Zhu1, Hur-Song Chang1, Bin Han1, and Jeff Harper2.
1
Torrey Mesa Research Institute, 2The Scripps Research Institute.
Plants have evolved mechanisms that allow them to respond to changes in environmental conditions; these mechanisms
often involve changes in gene expression. Once we know which genes and/or pathways are important to that response,
we can use those sequences in transgenic approaches to develop crop plants that are more tolerant to abiotic stress. One
of our goals is to create a database of Arabidopsis gene expression patterns delimiting interrelationships among stressregulated genes identifying those that are uniquely regulated by one stress, and those that are regulated by multiple
stresses. This database will help us define how a plant responds to stress and will likely identify candidates for use in
transgenic analysis. We used the Affymetrix GeneChip to profile changes in gene-expression in response to low
temperature, salt-stress and osmotic stress. The analysis of those results will be presented.
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Effect of far-red irradiation on the development of the isolated meristem complexes
and seedlings of Arabidopsis thaliana

Anastasiya Krinitsina, Alexander Skripnikov
Lab of Plant Development, Moscow University, Moscow 119899, Russia
Pre-incubation of seeds of Arabidopsis thaliana in dim far-red light (730 nm, 210 mW/m2) during 3 days caused
development of plants with adventitious and lateral roots on B5 Gamborg medium during 15 days in white light (40 W/
m2). Isolated apical meristem complexes pre-incubated during 3 days in dim far-red light regenerated to give rise to
plants with adventitious roots after 41 days of incubation on B5 medium. Control plants obtained after pre-incubation of
seeds and isolated meristems in darkness developed only primary roots and did not produce the lateral and the adventitious
roots. Incubation of seeds in white light during the supplementary irradiation by far-red light resulted in growth of plants
with the adventitious and the lateral roots whilst the control seeds incubated only in white light produced plants only
with the primary roots. Pre-incubation of seeds in dim far-red light caused the straightening of hypocotyls. During the
incubation of seeds in white light or in white light with supplementary far-red irradiation development of seedlings only
with curved hypocotyl was observed. Results of our experiments provide the evidence of the involvement of the
phytochrome in development of seeds and isolated meristems of Arabidopsis.
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The Arabidopsis SUMO pathway

Jasmina Kurepa and Richard D. Vierstra
Cellular and Molecular Biology Program and Department of Horticulture, UW-Madison, Madison WI, USA
SUMO (small ubiquitin-like modifier) is a member of a growing family of ubiquitin-related proteins. Like
ubiquitination, protein SUMOilation is a enzymatically catalyzed formation of a isopeptide bond between C-terminal
glycine residue of SUMO and a lysine of a target protein. SUMO tagging has been implicated in nuclear transport,
intranuclear localization, modulation of signal transduction cascades and stabilization of some regulatory proteins that
are proteolysed by ubiquitine/26 S proteasome pathway.
The Arabidopsis SUMO family has 8 members that can be grouped in to three subfamilies which may modify a
different subsets of target proteins. We have identified enzymes of the SUMO conjugation pathway in Arabidopsis: the
heterodimeric SUMO activation enzyme (SAE1/SAE2) encoded by three genes (AtSAE1-1, AtSAE1-2 and AtSAE2) and
the SUMO conjugation enzyme (SCE1) encoded by a single gene. SUMOilation of a target protein is reversible because
SUMO moiety can be hydrolyzed from the tagged protein by deSUMOilation enzymes (ULPs).
Analyses of expression of SUMO pathway genes, insertional mutants and plants overexpressing SUMO tags led to
the conclusion that SUMO pathway is necessary for normal development and stress response.
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Functional analysis of the 1Cys-Peroxiredoxin in Transgenic Tobacco Plants

Jung Ro Lee, Kyun Oh Lee, Bae Gyo Jung, Yeon Ok Choi, Yong Hun Chi, Soon Suk Kang, Seung Sik Lee, Soo Kwon
Park, Moo Je Cho and Sang Yeol Lee
Division of Applied Life Sciences (BK21 program, 2001), Gyeongsang National University, Plant Molecular
Biology and Biotechnology Research Center, Chinju, 660-701, Korea
To date, two possible functions have been proposed for the plant 1Cys-peroxiredoxin, one as a dormancy regulator
and one as an antioxidant. The transcript level of rice 1Cys-peroxiredoxin (R1C-Prx) rapidly decreased after imbibition
of rice seeds, but the protein level was lasted for 15 days after imbibition. To investigate in vivo the real function of this
protein, we generated transgenic tobacco plants constitutively expressing the R1C-Prx gene. The wild type and the
transgenic R1C-Prx plants did not differ in their germination frequency, and both seeds exhibited more than 95%
germination at 6days after imbibition. To measure the resistance of the transgenic R1C-Prx plants to radical stress, the
whole wild type and transgenic R1C-Prx plants were infiltrated with 5mM H2O2 solution and analyzed the oxidative
damage of the plants. Then, the wild type tobacco plants showed serious lesions up to 12th or 13th leaf from the top,
whereas the transgenic R1C-Prx plants showed similar damage only up to the 4th or 5th. And, in general, the older leaves
of both plants damaged more seriously than the younger ones. The resistance against oxidative stress was confirmed
again by employing an OxiBlot reagent kit, which immunologically detects the carbonyl group on oxidized proteins.
The DNP-hydrazone generated from the reaction of protein carbonyl groups with 2,4-dinitrophenyldrazine, can be
detected by an antibody specific to the DNP moiety on the proteins. In this experiment, the protein carbonyl contents
present in the 10th leaf from the bottom of the transgenic R1C-Prx plants treated with 5mM H2O2 were much less than
those of wild type plants. From these results, it can be concluded that the in vivo function of 1Cys-Prx in plants may not
be related to the maintenance of seed dormancy, but rather to protective activity against oxidative stress.
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Overexpression of a Tonoplast H+-Pump Increases Biomass and Tolerance to Abiotic
Stresses in Transgenic Plants.

Jisheng Li *, Soledad Undurraga*, Seth L. Alper, Gerald R. Fink and, Roberto. Gaxiola*
* Department of Plant Science UCONN, 1390 Storrs Rd, Storrs CT 06269-4163
A major goal of agricultural research is improvement of crop yield. Abiotic stresses such as drought and progressive
salination of soil threaten to compromise agriculture productivity in many regions. Plant vacuoles play a central role in
cellular mechanisms of adaptation to these stresses. We have engineered Arabidopsis thaliana plants to overexpress the
vacuolar pyrophosphatase H+ pump, AVP-1. Transgenic plants tolerate high salinity (250 mM), drought, and are larger
than wild type plants. AVP-1 overexpression also increases solute accumulation and water retention. The shoot and root
regeneration capability of leaf explants of the trasngenic plants is dramatically enhanced when compared to wild type.
Data will be presented consistent with the hypothesis that an increased number of AVP-1 molecules enhances meristematic
competence in transgenic plants.
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Overexpression of enzymes involved in the biosynthesis of phytochelatin in
Arabidopsis thaliana enhances arsenate and mercury resistance

Yujing Li, Om Parkash Dhankher, Richard B. Meagher
Department of Genetics, University of Georgia, Athens, GA 30602-7223
Phytochelatins (PCs), a class of heavy metal-inducible peptides, play a pivotal role in accumulation of and tolerance
to thio-reactive heavy metal ions. PCs biosynthesis is catalyzed by three enzymes- g-glutamycysteine synthetase (gECS), glutathine sythetase (GS) and phytochelatin synthetase (PS). To test the phytoremediation potential of g-ECS, GS
and PS in plants, we engineered Arabidopsis thaliana, to overexpress two bacterial genes, g-ECS and GS, one fission
yeast PS gene (PBPS) and one Arabidopsis PS gene (AtPS). They were expressed under the control of Arabidopsis actin
(ACT2), soybean rubisco small subunit (SRS1) and viral CaMV 35S promoters. Protein blot analysis revealed that gECS, GS and AtPS were overexpressed in transgenic Arabidopsis, but PBPS was not expressed in any of the lines
analyzed. Heavy metal resistance studies demonstrated that g-ECS transgenic plants were highly resistant to arsenate
(250-300 mM) and mercury (50-65 mM). Unlike the g-ECS transformants, GS expressing plants showed very little
resistance to heavy metals. AtPS transgenic plants had intermediate level of tolerance to arsenate and mercury. None of
these transgenic Arabidopsis lines were resistant to cadmium. Metabolic engineering of complex pathways in plants
requires coordinate expression of the pathway related genes, and overexpression of single gene can play only limited
role. Our future work, therefore, will examine the coordinate overexpression of g-ECS, GS and AtPS, either by classic
genetic introgression or by IRES mediated polycistrons.γγγγγγ??γγ
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Characterization of a novel gene expressed in response to stress encoding a protein
with a putative F-box.

Maldonado-Calderón, M.T., Rueda-Benítez P.and Rocha-Sosa, M.
Depto. de Biología Molecular de Plantas, Instituto de Biotecnología. Universidad Nacional Autónoma de
México.
The F-box protein families define a class of molecule adaptors wich are component of the E3 ubiquitin-ligase
complex named SCF (Skp1 CdC53 F-box protein).A diversity of cellular and regulatory functions in eucaryotic cells
have revealed the importance of the regulated protein degradation process. The selectivity of the target protein, in many
cases, is devoted to the carboxy terminal region of a F-motif protein. In Arabidopsis , several F-box proteins had been
characterized (Tir1, Coi1, Ufo) however, a link between the stress response and the ubiquitinization process had been
suggested by indirect evidence.In this study, we analized the pattern of expression of a gene wich encodes a putative Fbox protein (Atb5). Osmotic, saline stress and mechanichal wonding induced accumulation of the corresponding mRNA.
Interestingly, the orthologous gene in common bean display a similar pattern of mRNA accumulation in response to the
same efectors.We constructed transgenic plants with the Atb5 cDNA in antisense and sense orientation. Sense plants
shown phenotypes wich suggest sequestering of several SCF complex; poor root system, lost of apical dominance, curly
caulin leaves, pigment accumulation in seedlings and alteration in flowers and siliques. The phenotypes in antisense
plants and the putative interaction of this F-box protein with Skp1 will be discused.
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Natural Variation in Arabidopsis Light Signaling

Julin N. Maloof1, Justin O. Borevitz1, Jason Lutes1,2, Joanna Redfern1, Gabe Trainer1,2, Charles C. Berry3, Detlef
Weigel1, and Joanne Chory1,2
1
The Salk Institute. PO Box 85800. San Diego, CA. 92186-5800. 2H.H.M.I. 3U.C.S.D.
Plants have a sophisticated set of photoreceptors and responses that allow morphogenic and physiological adjustments
to their light environment. Since the optimal response is different in different environments, variation in light response
may allow plants to adapt to different light environments. We are interested in finding the genes responsible for natural
variation in light response, with one goal being to study the molecular basis of adaptation and microevolution.
Hypocotyl elongation is inhibited by light and is readily measured in the lab. We measured hypocotyl elongation in
140 Arabidopsis accessions in response to various light and hormone conditions and found up to three-fold variation
between accessions. To determine which photoreceptor pathways might be responsible, we examined response to white,
blue, red, and far-red light and compared the response patterns to those of known photoreceptor mutants. Some accessions
have novel response patterns whereas others may have changes in known pathways. Using a candidate gene approach,
we identified a change in PhytochromeA as being responsible for reduced sensitivity to far red light in Lm-2. We are
currently pursuing biochemical characterization of this variant phytochrome.
We also have used the Ler/Cvi RIL set (Alonso-Blanco and Koornneef, 1998) to map QTLs responsible for variation
in light response. An average of five QTLs per light condition examined have been identified (most loci affect response
to more than one light condition). Some loci map to regions with no known photomorphogenic mutants, but one maps
near PhytochromeB (PhyB), known to be important for response to red and white light. We created a near-isogenic line
(NIL) which confirmed that this region is important for light response, and preliminary results from association tests
suggest that PhyB may indeed be the QTL.
Our results demonstrate that there is wide variation in the light response of natural populations of Arabidopsis. Both
candidate gene and QTL mapping approaches are valuable for determining genes responsible for natural variation.
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Regulation and Functions of Calmodulin-Related TCH2 and TCH3

E. McCormack, P. Campbell, K. A. Johnson, N. Delk, and J. Braam
Rice University, Houston, TX 77005
Calmodulin is a major calcium receptor in eukaryotic cells and functions to mediate responses to changes in levels
of calcium acting as a second messenger. We have identified two calmodulin related genes, called TCH2 and TCH3, in
Arabidopsis that show strong upregulation of expression in response to a variety of stimuli, including touch, darkness,
and temperature shocks. TCH::GUS expression and TCH3 protein accumulation correlate with sites of mechanical
strain and cell expansion; these data indicate that the TCH2 and TCH3 functions may be required at these sites during
plant growth and development and may be additionally necessary during responses to environmental stress.
TCH2 and TCH3 share 44% and 60% amino acid sequence identity with calmodulin and can bind calcium; it is
likely, therefore, that the TCH proteins function to mediate responses to calcium fluctuations. Sequence divergence from
calmodulin, however, indicates that the targets of TCH2 and TCH3 are likely to be distinct from those of calmodulin.
We are searching for proteins that interact with TCH2 and TCH3 in a calcium-dependent manner to identify potential
targets. The three dimensional structure of TCH2 is being investigated. In addition, we are identifying plants with
altered expression of and mutations in the TCH2 and TCH3 genes to elucidate the physiological functions of the proteins.
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Characterization of a new Arabidopsis gene family encoding highly conserved
hydrophobic proteins

Joaquín Medina, María L. Ballesteros, Julio Salinas
Departamento de Mejora Genética y Biotecnología, INIA, Carretera de la Coruña, Km.7, 28040 Madrid, Spain
RCI2A and RCI2B are two Arabidopsis Rare-Cold-Inducible genes whose expression is also regulated during
development and in response to dehydration, salt stress and ABA. They encode small (54 amino acids) highly hydrophobic
proteins containing two potential transmembrane domains. Taking advantage of the completion of the Arabidopsis
genome sequence we searched for genes having homology to RCI2A and RCI2B . We have found that RCI2A and RCI2B
belong to a gene family composed by 8 genes. This work focuses on the organization, structure, expression, phylogeny
and evolution of these genes. RCI2s are distributed among chromosomes 1, 2, 3 and 4 but members of the family were
not found in chromosome 5. The deduced amino acid sequence showed that all proteins have the two potential
transmembrane regions highly conserved, four of them showing an extra hydrophilic C-terminal domain of about 20
residues. Expression analysis indicated that the different genes are differentially regulated during Arabidopsis development
and in response to abiotic stresses. A search in the data bases revealed that proteins showing high-sequence similarity to
RCI2s are present not only in all kind of plants but also in very diferent living organisms ranging from bacteries to
worms, suggesting a conserved and important role for them throughout evolution.
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Analysis of the control mechanism for the level of the active oxygen species in
Arabidopsis

Toshifumi Nagata1, Setsuko Todoriki2, Toshiki Masumizu3, Shoshi Kikuchi1
1
National Institute of Agrobiolgical Science, 2 National Food Research Institute, 3 ESR Application and
Research Center of analytical Instrument Division, JOWL Ltd
Stabilization of the level of the active oxygen species (AOS) is important for the survival of an organisms. In order
to clarify the control system of plant AOS, super oxide radical (O2-) scavenging activities were measured in the wild type
(Col and Ler), anthocyanin mutants (tt3, ttg1) and an ascorbic acid mutant (vtc1) of Arabidopsis thaliana by an ESR
(electron spin resonance) method. Under ordinary growth conditions, Arabidopsis contains about 300-500 SOD units/g
fresh weight radical scavenging activity. The ESR pattern indicates that most (40-50%) of this activity is due to ascorbic
acid. To analyze the case under condition of oxidative stress, the synthesis of AOS was induced by gamma irradiation.
The radical scavenging activity is increased about 10-fold following the accumulation of ascorbic acid and anthocyanin.
These accumulations were suppressed by treatment with an antioxidant before irradiation and induced by treatment with
a radical generating reagent. To confirm the activity of ascorbic acid and anthocyanin against AOS stress, we have
examined the viability of the wild type and mutants (tt2, tt3, tt5, ttg1, vtc1) after gamma-irradiation. Only the ascorbic
acid and anthocyanin-inducible plants had the ability to grow and flowered. Two ecotypes such as Col and Ler show the
difference of the contribution of ascorbic acid and anthocyanin. To identify the genetic locus of ascorbic acid and
anthocyanin accumulation, we have used RI line. In Ler, ascorbic acid accumulated twice the level in Col, and induction
of anthocyanin was half that in Col. Now we are trying to define a genetic locus that control accumulation of ascorbic
acid and anthocyanin with Ler X Col recombinant inbred line.
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Isolation and characterization of Arabidopsis mutants altered in cold-, salinity-, and
ABA-induction of rd29A gene expression

Kazuo Nakashima1, Setsuko Miura1, Ekuko Ohgawara1, Kazuo Shinozaki2, and Kazuko Yamaguchi-Shinozaki1
1
Biological Resources Division, Japan International Research Center for Agricultural Sciences (JIRCAS),
Tsukuba 305-8686, Japan, 2Laboratory of Plant Molecular Biology, RIKEN Tsukuba Institute, Tsukuba 3050074, Japan
To dissect the signal transduction of drought, salinity, and cold stress responses, we isolated and characterized
Arabidopsis mutants altered in their responses to these stresses. We introduced a chimeric gene construct consisting of
the luciferase (LUC) under the control of the dry-, salinity-, cold-, and ABA-responsive rd29A promoter (rd29A::LUC)
into Arabidopsis plants. Activation T-DNA tagged lines of Arabidopsis containing rd29A::LUC were obtained by
transformation; mediated by Agrobacterium carrying the activation tagging vectors pPCVICEn4HPT or pSKI015. Some
mutants altered in the regulation of the rd29A::LUC gene were identified. One of these mutants, #1986, showed constitutive
induction of rd29A::LUC expression. Physiological, molecular, and genetic analysis of the mutants is in progress.

404

Elicitor and pathogen-dependent activation of a peroxidase promoter from
Arabidopsis in transgenic reporter plants. A tool for the isolation of mutants showing
aberant peroxidase expression

Norbert Nass, Astrid Patzlaff, Melanie Witt, Uta zur Nieden, Dierk Scheel
Leibniz Institute of Plant Biochemistry (IPB), Department of Stress- and Developmental Biology, Weinberg 3,
D-06120 Halle/Saale, Germany, phone +49 345 5582 1430, e-mail nnass@ipb-halle.de, http//:www.ipb-halle.de
The promoter of the Arabidopsis gene encoding peroxidaseCA (prxCA) was fused to firefly luciferase as a reporter
gene. Transgenic tobacco and Arabidopsis plants were generated and the expression of the reporter gene analysed inplanta using a photon-counting video system. The reporter gene cassette was locally activated in leaves of Arabidopsis
and tobacco upon infection with avirulent Pseudomonas syringae and infiltration of culture medium of Fusarium
oxysporum. The Arabidopsis reporter lines carrying the prxCA-Luc constructs have been mutagenized and screened for
mutants exhibiting constitutive high expression of the prxCA gene. Several mutants with high luciferase expression were
isolated and are currently analysed in detail. Cell suspension cultures were initiated from transgenic tobacco reporter
plants to study the signalling cascade leading to the activation of the reporter-gene construct. These cell lines responded
to Fusarium oxysporum culture by reporter gene activation and this reponse required Ca2+-fluxes, oxidative burst and
protein kinase (MAP-kinase) activity.
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Analysis of blue-light signaling pathways using a cry1 cry2 nph1 npl1 quadruple
mutant.

Maki Ohgishi1, Tatsuya Sakai1, Kensuke Saji2 and Kiyotaka Okada1,2
1
RIKEN, Plant Science Center,2Department of Botany, Graduate School of Science, Kyoto University, Japan
We have recently identified a new blue light receptor, npl1, and indicated a functional redundancy between nph1 and
npl1 in phototropism and chloroplast relocation using the nph1 npl1 double mutant. Although the nph1 npl1 double
mutant shows almost no phototropic response, we detected a slight phototropic curvature induced by other blue light
receptor(s). This observation is one of examples showing the functional redundancy of photoreceptors in plant. To
understand the relationship of the blue light signaling pathways, we made a cry1 cry2 nph1 npl1 quadruple mutant and
observed its phenotype on the blue light responses. Furthermore, we are trying the DNA microarray analysis of gene
expression regulated by blue light using triple and quadruple mutants.
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Interaction specificity of the two thioredoxin-h proteins with thioredoxin reductases
in Chinese cabbage

Soo Kwon Park, Kyun Oh Lee, Bae Gyo Jung, Yong Hun Chi, Soon Suk Kang, Jeong Chan Moon, Ji Young Yoo, Hyo
Jin Son, Moo Je Cho and Sang Yeol Lee
Division of Applied Life Sciences (BK21 program, 2001), Gyeongsang National University, Plant Molecular
Biology and Biotechnology Research Center, Chinju, 660-701, Korea
Even though three isotypes of thioredoxins, -f, -m and -h types, have been identified in plant cells, there are only a
few researches on thioredoxin-h discovered at recent. In this study, two cDNAs encoding h-type of thioredoxin were
isolated from a cDNA library of Chinese cabbage, and named here CTrx-h1 and 2. Deduced amino acid sequence of the
CTrx-h proteins showed the highest sequence identity with those of arabidopsis thioredoxin-h2 (75.2%) and thioredoxinh5 (46.6%) proteins, but they shared low sequence homology to other isotypes of plant thioredoxin-m and thioredoxinf. Proteins encoded by the two CTrx-h genes, when expressed in E. coli, represented insulin reduction activities. However,
whereas the recombinant CTrx-h1 was able to efficiently receive electrons from thioredoxin reductase, the CTrx-h2
could not accept electron from the protein, which might suggest that there was strong interaction specificity between the
thioredoxin and thioredoxin reductase proteins. Genomic Southern blot analysis using the cDNA insert of CTrx-h1
revealed that the proteins consisted of a small multigene family in Chinese cabbage genome. On the contrary to CTrx-h1
that was widely distributed in most tissues of plant, the CTrx-h2 gene was predominantly expressed in flowers, but the
expression was very low in other tissues. The result of Northern analysis suggests that the CTrx-h2 may have other
function in flower development or differentiation, in addition to its defensive role.
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Functional Analysis of AREB Genes in the Dehydration and ABA Specific Gene
Expression of rd29B in Arabidopsis thaliana

Mohammad Masud Parvez1, Takashi Furihata1, Kazuo Shinozaki2 and Kazuko Yamaguchi-Shinozaki1
1
Lab. of Biotech., Biol. Res. Div., Japan Int’l. Res. Cnt. for Agricul. Sci. (JIRCAS), 1-1 Ohwashi, Tsukuba,
JAPAN, 2Lab. of Plant Mol. Biol., Tsukuba Res. Inst., The Phy. & Chem. Res. Inst. (RIKEN), 3-1-1 Koyadai,
Tsukuba, JAPAN.
To understand the signal transduction pathways from the drought stress signal to gene expression, we have
characterized rd29B gene from Arabidopsis thaliana. The induction of dehydration-responsive gene rd29B is mediated
by abscisic acid (ABA). We have shown that ABA-responsive element binding proteins - AREB1 and AREB2 function
as transcriptional activators in the ABA-inducible expression of the rd29B gene under dehydration condition. Meantime,
we have isolated Arabidopsis genomic DNAs of AREB1 and AREB2. Analysis of the promoter region of these genes
were carried out by fusing β-glucuronidase (GUS) reporter gene. An intron having 321-bp in the genomic DNA sequence
of 5’upstream promoter region of AREB1 was found. AREB1 construct containing the 321-bp intron had a significantly
higher GUS activity than that of control when the transgenic tobacco plants were exposed to dehydration. A similar high
GUS activity was also observed in transgenic Arabidopsis seedlings with this construct while seedlings were exposed to
dehydration, exogenous ABA and NaCl conditions. Histochemical analysis of Arabidopsis seedlings showed a high
correlation with its GUS activity. Transgenic Arabidopsis seedlings having AREB1 construct containing the 321-bp
intron showed that GUS stained strongly in leaf, stem and root under dry, exogenous ABA and NaCl conditions. Deletion
analysis towards the 5’upstream region of AREB1 having 5’UTR 321-bp intron showed a decreasing trend in GUS
activity as long as the deletion was imposed. Drastic decrease in GUS activity was observed with the deleted construct
having 551-bp (-127- to +424-bp) which includes 321-bp 5’UTR intron. To identify the cis regulatory element involved
in dehydration and ABA specific expression of AREB1 gene, further deletion analysis both towards 5’and 3’region of 373- to +424-bp and 3’region of -127- to +424-bp are underway and will be discussed.
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TOC1 (Timing of CAB expression 1): circadian regulation during reproductive growth

Alice Pearce1, Steven Foottit1, Smita Kurup2, Michael Holdsworth1.
1
IACR Long Ashton,2Cambridge University
The timing of reproductive growth in Arabidopsis is co-ordinated with the external environment by the action of a
complex internal clock. The ‘circadian clock’ is regulated by the sun to follow the earth’s 24hr cycles.
TOC1, a component of the ‘circadian clock.’ shows homology at the C-terminal region to CO (CONSTANS) a
flowering time regulator, and at the N-terminal region to phospho-relay genes. TOC 1 is identical to AIP1 (ABI3 interacting
protein 1), a protein identified via its interaction with the transcription factor ABI3 (ABA insensitive 3) in the yeast-2hybrid system by Kurup et al. (2000). ABI3 is a major regulator of seed differentiation and maturation and also influences
vegetative quiescence and bud dormancy.
If TOC1(AIP1) is functioning during seed development it could be a link between circadian control and transcription
factors during embryogenesis. Fluorescent protein constructs of ABI3 and TOC1(AIP1) have been produced to investigate
potential TOC1(AIP1)/ABI3 interactions within the nucleus. Antisense TOC1(AIP1) plants show altered flowering times
under long and short-day conditions. Antisense toc1-1 plants have been cross-fertilised with mutant plants containing
combinations of abi3-4 and co5abi3-4. These double and triple mutants will be used for phenotypic analysis.
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Cloning FRD3: a novel integral membrane protein implicated in iron deficiency
responses in Arabidopsis.

Elizabeth Rogers and Mary Lou Guerinot
Dartmouth College, Hanover, NH
In response to iron deficiency, all plants except the grasses induce Fe(III) chelate reductase activity, Fe(II) transport
activity and proton release into the rhizosphere. Previously, we identified an Arabidopsis mutant, frd3, that constitutively
expresses all three of these iron deficiency responses. Therefore, it is tempting to speculate that FRD3 encodes a regulatory
factor involved in sensing and/or responding to iron levels in Arabidopsis. The FRD3 gene has been cloned; all three
alleles of frd3 have single base pair alterations in a single open reading frame. FRD3 is predicted to encode an integral
membrane protein 526 amino acids long, to contain 10 to 12 transmembrane domains and to be localized to the plasma
membrane. It is a member of a large family of membrane proteins, the best characterized of which is the NorM gene of
Vibrio parahaemolyticus The NorM protein confers resistance to a variety of antibiotics and other toxic molecules,
presumably through an energy-dependent efflux mechanism. Therefore, this protein family is known as the MATE
(multi-drug and toxin efflux) family.
Experiments in pea have shown that there is a signal originating in the shoot that induces iron deficiency responses
in the roots. Since FRD3, by RT-PCR, is expressed only in Arabidopsis roots, FRD3 may be the receptor for this shootderived signal. Alternately, FRD3 might be a transporter involved in transporting iron or a small signaling molecule into
or out of root cells. Additional experiments are underway to characterize this novel protein and identify its role in iron
nutrition.
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A transcription factor from Arabidospsis acting downstream in the phosphate
starvation signaling pathway

Vicente Rubio, Francisco Linhares, Roberto Solano, Ana C. Martín, Joaquín Iglesias, Antonio Leyva, Javier Paz-Ares
Centro Nacional de Biotecnología-CSIC, Campus de Cantoblanco, 28049-Madrid, SPAIN
Plants have evolved a number of adaptive responses to cope with growth in conditions of limited phosphate supply,
involving biochemical, metabolic and developmental changes. We prepared an EMS-mutagenized M2 population of an
Arabidopsis transgenic line harboring a reporter gene specifically responsive to Pi starvation (AtIPS1::GUS), and screened
for mutants altered in Pi starvation regulation. One of the mutants, Atphr11 (phosphate starvation response 1), displayed
reduced response of AtIPS1::GUS to Pi starvation, and also had a broad range of Pi starvation responses impaired,
including the responsiveness of various other Pi starvation-induced genes, and other metabolic responses, such as the
increases in anthocyanin accumulation. AtPHR1 was positionally cloned and shown to encode a transcription factor. A
full size AtPHR1 protein fused to GFP was located in the nucleus independently of the Pi status. AtPHR1 is expressed in
Pi sufficient conditions and is only weakly responsive to Pi starvation. AtPHR1 was found to bind as a dimer to an
imperfect palindromic sequence present in the promoter of Pi starvation responsive structural genes. Mutation of the
AtPHR1 binding sequence in the promoter of AtIPS1 greatly impaired its Pi starvation inducibility. These results indicate
that this protein acts downstream in the Pi starvation signaling pathway.

411

out of phase 1 (oop1) plays roles in the regulation of

Patrice A. Salomé and C. Robertson McClung
Department of Biological Sciences, Dartmouth College, Hanover, New Hampshire
A screen designed to identify mutants with altered circadian rhythmicity yielded out of phase 1 (oop1), which alters
the phase of several rhythms including CO2 assimilation, leaf movement, transcription rates of LHCB and mRNA levels
of CAT2 and LHCB. Because oop1 is a novel allele of the red light photoreceptor phytochrome B (PHYB), we have more
closely characterized the circadian phenotypes of other phyB alleles. To our surprise, the null allele phyB-9 also displays
altered circadian phasing in leaf movement and LHCB transcription. These findings raise the interesting possibility that,
much like Neurospora vivid (Heintzein et al., Cell 104: 453, 2001) and Synechococcus cikA (Schmitz et al., Science 289:
765, 2000), oop1 and other phyB alleles affect the phase of the clock through a mis-regulation of a clock component. In
addition, although oop1 and the recently described phyB-28 (Krall and Reed, PNAS 97: 8169, 2000) are alleles of phyB,
we present evidence that they affect blue light signaling mediated through CRY1 and/or PHYA. These two alleles
accumulate truncated PHYB proteins that may prevent proper function of components of the CRY1 and/or PHYA
transduction cascades. We will present molecular and biochemical approaches for the elucidation of the oop1 phenotypes.
This work was supported by grants from the National Science Foundation (MCB 9723482 and MCB 0091008).
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ACTCAT: a cis-acting element involved in Arabidopsis proline dehydrogenase gene
expression in response to hypoosmolarity and L-Pro

Rie SATOH1,2,3, Kazuo NAKASHIMA2, Kazuo SHINOZAKI3 and Kazuko YAMAGUCHI-SHINOZAKI2
1
Institute of Biological Sciences,University of Tsukuba,2Biological Resources Division,Japan International
Research Center for Agricultural Sciences(JIRCAS),3Lab. of Plant Molecular Biology,RIKEN Tsukuba
Institute
Proline (Pro) is one of the most common compatible osmolytes in water-stressed plants. We obtained a cDNA clone
for the proline dehydrogenase, ProDH, which is involved in the first step of the conversion of Pro to glutamic acid and
a promoter region of the ProDH gene from Arabidopsis thaliana. We previously reported that the ProDH gene is
upregulated by rehydration after 10-h dehydration, but downregulated by dehydration for 10-h in Arabidopsis. The
ProDH gene is also induced by Pro.For further understanding of the expression of ProDH, we analyzed cis-acting
elements involved in hypoosmolarity- and L-Pro-induced expression using deletion or mutated fragments of the ProDH
promoter fused to the LUC (luciferase) or GUS ( β-glucuronidase) reporter genes in transgenics. We found that a 70-bp
ProDH promoter region contain cis-acting elements involved in hypoosmolarity- and L-Pro-induced expression of
ProDH. Furthermore, base-substitution analysis revealed that the ACTCAT sequence in the 70-bp promoter region is
important for the hypoosmolarity- and L-Pro-inducible expression of ProDH. Under dehydration condition, the 90-bp
promoter region including the ACTCAT sequence did not respond to accumulated Pro. This suggests that this 90-bp
region also contains negative regulatory elements for ProDH expression under water-stresses. We analyzed promoter
sequences of other L-Pro inducible genes to find ACTCAT sequence in these promoters. We will discuss an important
role of ACTCAT in hypoosmolarity- and L-Pro-inducible gene expression.
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DET1, A Regulator of Arabidopsis Photomorphogenesis

Dana F. Schroeder, Manfred Gahrtz, and Joanne Chory
Howard Hughes Medical Institute and Plant Biology Lab, The Salk Institute, La Jolla, CA 92037
How do germinating seedlings maximize their response to their light environment? When Arabidopsis seedlings are
grown in the light they exhibit short hypocotyls, open cotyledons and chloroplast development. In contrast, seedlings
grown in the dark exhibit an etiolated phenotype, consisting of long hypocotyls, closed cotyledons, and lack of chloroplast
development. De-etiolated-1 (det1) mutants display a light grown phenotype even in the dark, indicating DET1 is a key
component in the light signaling pathway. DET1 has been cloned and found to encode a 62 kD novel nuclear protein of
unknown biochemical activity. The results of a series of epitope-tagging experiments suggest that DET1 function requires
nuclear localization and the formation of a 350 kD complex. Sequences in both the N- and C-termini of DET1 appear to
be required for these properties. To determine the composition of the DET1 complex, myc-tagged DET1 was introduced
into tobacco BY2 cells and the complex affinity-purified. The primary band co-purifying with DET1 is ~120 kD. By
identifying this protein and determining its role in photomorphogenesis, we hope to gain insight into DET1’s role in
light response.
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The SKU5 gene plays an important role in controlling root tip axial rotation

John C. Sedbrook1, Kathleen L. Carroll3, Kai F. Hung2, Patrick H. Masson2, Christopher R. Somerville1
1
Carnegie Institution of Washington, 2University of Wisconsin-Madison,3BASF
As wild type Arabidopsis root tips grow within a homogeneous medium, epidermal, cortical and endodermal cells
longitudinally expand into cell files that exhibit minimal twisting about the axes of the roots. Root tips growing along a
tilted impenetrable agar surface, on the other hand, periodically twist back and forth about their axes, forming roots that
take on a sinusoidal wave pattern. Previously, we described the isolation and characterization of a mutant named sku5
that was affected in a gene evolutionarily related to ascorbate oxidases and laccases. Unlike wild type roots that wave
nearly straight down the agar surface of a plate, sku5 roots skew and loop strongly toward the left as they wave. sku5
roots also grow to be slightly shorter than normal and have slower bending kinetics when gravistimulated. Here, we
report that the skewed root waving phenotype exhibited by sku5 seedlings can be attributed to a tendency of the root tips
to twist preferentially in a counterclockwise direction (left-handed twist) about their axes. This abnormal twisting appears
to not require a directional stimulus since it occurs when roots are grown within a liquid medium as well as on an agar
surface being clinorotated. Furthermore, sku5 root tip twisting does not occur at a constant rate under those conditions,
but is variable with no apparent pattern. In addition to these data, we will present data describing sku5 root responses to
exogenously applied hormones and drugs.
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Effect of the phytohormones on the development of Arabidopsis thaliana (L.) Heynh.
in culture of the meristem complexes in vitro

Evgeniya Sedova, Anna Speranskaya, Alexander Skripnikov
Lab of Plant Development, Moscow University, Moscow 119899, Russia
The in vitro meristem model system has been established to study the effect of endogenous and environmental
factors on plant development. The meristem complexes of Arabidopsis thaliana composed of apical meristem with 1-3
leaf or floral primordia has been isolated micro-surgically in sterile conditions. The regeneration of plants in meristem
culture has been conducted on Gamborg B5 medium with different phytohormones composition. Phytohormone-free B5
medium does not support the regeneration process both in vegetative and in prefloral meristem cultures. Prefloral meristem
complexes on media supplemented only with kinetin (0.5 mg/l) or with kinetin (0.5 mg/l) and NAA (0.02 mg/l) mainly
continue to produce vegetative organs. On medium contained only NAA (0.02 mg/l), prefloral meristems continue to
produce the flower buds. Thus, our data shows that kinetin affects the reversion of isolated meristems from prefloral to
vegetative state. We could assume that the cytokinins might play certain role in the vegetative development of Arabidopsis
thaliana.
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A genomic approach to dissect shade avoidance responses in Arabidopsis

Sessa G., Ruzza V., Carabelli M., Steindler C., Morelli1 G. and Ruberti I.
Centro di Studio per gli Acidi Nucleici, CNR Italy; 1Unità di Nutrizione Sperimentale, INRAN Italy.
Arabidopsis is a typical “shade avoiding” plant. For example, when grown in far-red-rich light, which mimics
shading by neighboring plants, Arabidopsis displays a reduction of cotyledon and leaf expansion and an increased
elongation of hypocotyl and petioles. At the molecular level, it is known that phytocrome B, D and E function in the
regulation of shade avoidance responses. The phytocrome signal transduction pathways by which FR-rich light perception
is coupled to the changes in gene expression underlying the developmental responses are poorly understood. However,
genes encoding HD-Zip transcription factors, ATHB-2 and –4, specifically induced by FR-rich light, have been identified;
ectopic expression of one of them (ATHB-2) is sufficient to induce a constitutive shade avoidance response. Several
recent findings indicated that auxin and auxin transport system are also important components of the elongation process
induced by shade, and lead to a model for Arabidopsis shade-induced responses. In order to identify the molecular
components involved in the shade avoidance response, we took advantage from the microarray technology. We used
microarrays containing 11521 Arabidopsis ESTs (AFGC Microarray Facility, Michigan State University) to identify
genes that are differentially expressed in plants treated with FR-rich light. At least 300 ESTs showed a difference of
expression greater than two-fold in two independent experiments. As a first step to characterize these genes, we searched
for those related to auxin. In particular, among the ESTs induced by FR-rich light, we found two ESTs related to two
different auxin-repressed genes from Fragaria ananassa and from Prunus armeniaca, respectively, and four ESTs
corresponding to auxin-induced genes. These belong to the known families of early auxin responsive genes, IAA and
SAUR. Furthermore, we identified an EST related to an auxin-induced gene from Vigna radiata strongly repressed in
plants exposed to FR-rich light. Expression studies to further characterize the auxin and the light regulation of these
genes are in progress.

417

Promoter analysis of erd1: A ClpA-homologous-gene, form Arabidopsis up-regulated
in response to dark-induced senescence and dehydration stress.

Sean Simpson1, Kazuo Nakashima1, Yoshihiro Narusaka1, Kazuo Shinozaki2, Kazuko Yamaguchi-Shinozaki1
1
Japan International Research Center for Agricultural Sciences (JIRCAS), 2RIKEN (Tsukuba Institute)
The erd1 gene encodes a 97kDa protein with sequence homology to the regulatory subunit of an ATP-dependent Clp
protease; and is thought to function in protein degradation in chloroplasts. In Arabidopsis accumulation of erd1 mRNA
was found to be strongly induced by dehydration and salinity stress, plus natural and dark-induced senescence. In each
case mRNA accumulation was found to occur independently of ABA biosynthesis. Analysis of the erd1 promoter was
performed by fusing a number of discrete portions of the promoter to the coding region of the LUC (Luciferase) reporter
gene. Luciferase activity was subsequently measured in transgenic plants after exposure to dehydration or dark conditions.
These experiments revealed that a 69bp region of the erd1 promoter may contain cis-acting elements involved in the
senescence-induced expression of this gene. This 69bp region contains an ABRE (ABA responsive element)-like sequence
(ACGTG) and a second ACGT sequence. Data from constructs containing base substitutions in each of these elements
revealed that they may be both involved in erd1 gene expression during senescence. Furthermore, experiments were
performed in order to asses the activity of this 69bp sequence in response to other senescence-inducing conditions.
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Arabidopsis Mutants with Altered Expression of AtGSTF2

Aaron P. Smith, Peter B. Goldsbrough
Purdue University
Glutathione S-transferases (GSTs) are enzymes involved in detoxification of xenobiotics and cytotoxic products
formed during oxidative stress. Some GSTs from crop species have been well characterized because of their ability to
detoxify herbicides, but little is known about the role GSTs play in plants under normal conditions, or their function in
plants under oxidative stress. To understand the signal transduction pathways of oxidative stress-responsive genes, the
regulation of one specific GST gene in Arabidopsis, AtGSTF2, is being used as a model. Expression of AtGSTF2 mRNA
and protein are induced by a wide variety of stimuli including hormones, herbicides, antioxidants, and prooxidants such
as copper and hydrogen peroxide. The AtGSTF2 promoter was fused to the GUS reporter gene to visualize activation of
AtGSTF2 expression. Mutants with aberrant expression of the AtGSTF2-GUS reporter were selected. Two classes of
mutants were identified with altered responses to copper, those with high induction of AtGSTF2 (hig), and those with
low induction of AtGSTF2 (lig). A third class of mutants has constitutive expression of AtGSTF2 (ceg) in the absence of
copper. Five hig, four lig, and two ceg mutants have been verified in the M3 generation. In response to copper treatment,
hig mutants accumulate higher levels of AtGSTF2 mRNA than wild type, while lig mutants accumulate lower levels.
Ceg mutants have constitutively elevated levels of AtGSTF2 mRNA. Each mutation is inherited as a single, recessive
locus and complementation tests indicate that two hig mutants are allelic while the remaining mutants fall into separate
complementation groups. Mapping of the hig, lig, and ceg mutations has been initiated using CAPS markers. HIG5 has
been mapped to chromosome 5 within 3 centimorgans of marker m555, and experiments are underway in order to
identify HIG5. Information obtained from studying these mutants will not only reveal crucial aspects of the transduction
pathway specific to AtGSTF2, but will also serve as a model for understanding the signal transduction pathways of other
stress-responsive genes.
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Oxidative Stress Tolerant Lines of Arabidopsis Identified by a Functional Genetic
Screen

Suchada Sukrong and Deane L. Falcone
Tobacco and Health Research Institute, University of Kentucky
A genetic screen has been developed to identify Arabidopsis thaliana lines that show enhanced tolerance to oxidative
stress. The screen is based on the extent of seedling root growth under oxidative stress conditions. This provides a simple
visible phenotype that also enables the recovery of modest oxidative stress tolerant phenotypes. Seven putative mutants
have been identified from an activation-tagged mutant population that show tolerance to the conditions induced by 3amino-1,2,4-triazole, and buthionine S,R-sulfoximine, inhibitors of catalase and glutathione synthetase, respectively.
Lines showing clear and heritable long-root phenotypes in the primary screen were subjected to a secondary screen
which consisted of determining total antioxidant and total phenolic levels in leaves from leaves of unstressed seedlings
and performing additional tests for tolerance to oxidative stress conditions brought about by hydrogen peroxide and
methyl viologen. One line identified, oxt21, shows striking resistance to the oxidative stress conditions employed in the
screen and displays cross tolerance expressed as improved growth and survival under various conditions that cause
oxidative stress. Genetic characterization of the oxt21 mutant line has indicated that the phenotype is due to a single,
dominant mutation. However, molecular characterization has revealed that oxt21 is not caused by the activation-tagging
T-DNA. Progress in gene cloning and further physiological characterization of the oxt21 line will be presented.
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Salt stress induces anatomical changes in ovules and embryos, ultimately resulting
in seed abortion

Kelian Sun and Bernard A. Hauser
University of Florida
Plant stress dramatically reduces Arabidopsis fecundity. This species is particularly sensitive to drought or heat:
mild or transitory stress can lead to the abortion of all of the developing ovules and embryos on a plant. We developed a
system to examine the effects of transient salt stress on seed development—plants were grown in hydroponic media,
permitting rapid change in nutrient solutions at different water potentials. Plants were stressed for 8 hours using a
nutrient solution that was supplemented with 150 mM NaCl and then returned to standard growth conditions. Stressed
plants exhibited rapid anatomical changes in the embryo sac and embryo axis. Twelve hours after the application of
stress, we observed high amounts of callose deposition in the walls of integument and chalazal cells. The cells and
organelles that are normally found within the embryo sac degenerated extensively 12 hours after the salt stress. Anomalous
bodies often appeared within the embryo sac while it was degenerating. The integument cells showed an increase in cell
wall thickness and a fraction of them died, as evidenced by cellular debris in the periphery of these cells. One possible
interpretation of these data is that salt-stress induces programmed cell death of ovules. In contrast, the phenomenon of
embryo abortion appears quite different. Callose initially accumulates around the embryo and the proximal portion of
the endothelium. This is followed by a cessation of cell division within the embryo and endosperm nuclei. This retardation
of growth appears sufficient to cause the abortion of embryos.
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Analyses of transient activation of phospholipase C that function in hyperosmotic
stress signal transduction cascade in Arabidopsis cell culture

Seiji Takahashi1, Takeshi Katagiri1, Takashi Hirayama1, Kazuko Yamaguchi-Shinozaki2 and Kazuo Shinozaki1
1
Lab. of Plant Mol. Biol., RIKEN, 2Biol. Res. Div., Japan. Int. Res. Cent. Agri. Sci. (JIRCAS)
In order to understand the roles of the phosphoinositide (PI)-turnover in signal transduction in hyperosmotic stress,
we analyzed transient activation of PI-specific phospholipase C (PI-PLC), a key enzyme in PI-turnover, in response to
various osmotic stress in Arabidopsis T87 cultured cell.
In T87 cells, we analyzed changes in inositol 1,4,5-trisphosphate (Ins(1,4,5)P3) content in response to hyperosmotic
shock or salinity. We detected a rapid and transient increase in the level of Ins(1,4,5)P3 within 30 s in response to
hyperosmotic stresses caused by mannitol or NaCl. However, no transient increase was detected in cells treated with
ABA. The Ins(1,4,5)P3 increase in response to hyperosmotic stress was inhibited by PI-PLC inhibitors, neomycin and
U73122, suggesting that the transient Ins(1,4,5)P3 production was mainly due to the activation of PI-PLC. To elucidate
a role of PI-PLC in hyperosmotic-stress signal transduction pathways, we analyzed the induction of drought-inducible
genes in T87 cells treated with the PI-PLC inhibitors. We found that the induction of drought-inducible genes, such as
rd29A (lti78/cor78) and rd17 (cor47) that are controlled by the DRE/CRT cis-acting element, was partially suppressed
by neomycin or U73122 (Takahashi et al. (2001) Plant Cell Physiol. 42, 214-222). To show the involvement of PI-PLC
in hyperosmotic stress signal transduction more directly, we analyzed the responses to hyperosmotic stress in transgenic
T87 cells by manipulating the levels of PI-PLC gene. Based on the expression pattern of nine homologues of PI-PLC in
various tissues in Arabidopsis plants or in T87 cells, AtPLC1s and AtPLC2 were suggested to be concerned in osmotic
stress responses, and then introduced into T87 cells for transgenic analyses. In the transgenic T87 cells in which AtPLC1s
or AtPLC2 was overexpressed, not only the Ins(1,4,5)P3 increase but also the induction of rd29A in response to
hyperosmotic stress were enhanced. These results also support an important role of PI-PLC in hyperosmotic stress
signal transduction cascade.
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Identification of phytochrome A-regulated transcriptional networks by microarray
expression profiling in Arabidopsis

James M. Tepperman1,2, Tong Zhu3, Hur-Song Chang3, Xun Wang3, and Peter H. Quail1,2
1
University of California, Berkeley; 2USDA/ARS-Plant Gene Expression Center; 3Torrey Mesa Research
Institute, San Diego
The phytochrome family of sensory photoreceptors directs adaptational changes in gene expression in response to
environmental light signals. Using oligonucleotide microarrays to measure expression profiles in wild-type and
phytochrome A (phyA) null-mutant Arabidopsis seedlings, we have shown that 10% of the genes represented on the
array are regulated by phyA in response to a continuous far-red light signal. Strikingly, over 40% of the genes responding
to the signal within 1 hour are predicted to encode multiple classes of transcriptional regulators. Together with previous
data, this observation suggests that phyA may regulate seedling photomorphogenesis by direct targeting of light signals
to the promoters of a master-set of diverse transcriptional regulators, responsible in turn for orchestrating the expression
of multiple downstream target genes in various branches of a phyA-regulated transcriptional network.
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SPINDLY participates in the gibberellin signal transduction and photoperiod
pathways

Tong-Seung Tseng and Neil Olszewski
Department of Plant Biology, University of Minnesota, St. Paul, MN 55108
SPINDLY (SPY) is a negative regulator of gibberellin signal transduction. Loss-of-function spy mutants exhibit
phenotypes similar to those of wild type plants treated with GA, including early flowering. We used the yeast two-hybrid
system to look for proteins that interact with SPY. GIGANTEA (GI) specifically interacted with the TPR domain and the
full-length SPY protein, both in the yeast two-hybrid system and in vitro binding assays. GI is a novel nuclear protein
that has been shown to be part of the photoperiod and the phyB signaling pathways. gi mutations delay flowering time
under long-day conditions and cause a long hypocotyl phenotype under continuous red light. Phenotypic characterizations
of a spy-4/gi-2 double mutant revealed that spy is epistatic to gi with respect to both the flowering time and hypocotyl
elongation phenotypes, indicating that SPY acts together with GI in regulating both developmental processes. Interestingly,
spy plants were found to have a long hypocotyl under far-red light, suggesting a role for SPY in phyA signaling.
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CYP72B1: A regulator of brassinosteroid levels and photomorphogenesis.

Edward Turk1, Kathleen Q. Tang1, Tiegang Lu2, Frans E. Tax2, Rene Feyereisen3, Shozo Fujioka4, Michael M. Neff1
Washington University, St. Louis MO, USA; 2University of Arizona, Tucson AZ, USA; 3INRA Centre de
Recherche d’Antibes, Valbonne France; 4RIKEN, Wako-shi, Saitama 351-0198 Japan
Brassinosteroids are growth-promoting hormones that may be involved in modulating plant plasticity in response to
changes in the environment. Previous studies of brassinosteroids have concentrated on either their metabolic or reception
pathways. We have recently identified a novel gene affecting brassinosteroid responses in plants, CYP72B1, likely to be
involved in brassinosteroid inactivation rather than biosynthesis or perception. We hypothesize that CYP72B1 is a
brassinosteroid hydroxylase catabolizing the most active form of the hormone, brassinolide, into an inactive form, 26hydroxybrassinolide. By regulating the active levels of brassinolide, CYP72B1 may be acting as a modulator of
brassinosteroid responses during plant development. Analysis of the bas1-D mutant (phyB-4 activation tagged suppressor
1- dominant), caused by the amplified expression of CYP72B1, and transgenic antisense lines with reduced CYP72B1
expression, led to the hypothesis that this gene regulates both brassinosteroid levels and photomorphogenic responses in
Arabidopsis (Neff et al., 1999). Analysis of a T-DNA knockout mutation in CYP72B1 confirms the role that this gene
plays in seedling photomorphogenesis. Analysis of this null mutant also reveals a role for CYP72B1 in influencing floral
induction in response to day length. Transgenic tobacco over-expressing CYP72B1 are drought tolerant. Physiological
analysis of these tobacco plants suggests that abscisic acid hyper-responsivity may be contributing to this droughttolerant phenotype. Together, these results suggest that CYP72B1 may be regulating active levels of brassinosteroids as
modulator of plant development in response to changing environmental conditions such as water availability and light.
1

Neff MM, Nguyen SM, Malancharuvil EJ, Fujioka S, Noguchi T, Seto H, Tsubuki M, Honda T, Takatsuto S, Yoshida S and Chory J (1999)
BAS1: A gene regulating brassinosteroid levels and light responsiveness in Arabidopsis. Proc. Natl. Acad. Sci. 96 15316-15323.
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Analysis of the dominant-negative ATHK1 in Arabidopsis

Takeshi Urao1, Yuriko Osakabe1, Kazuko Yamaguchi-Shinozaki1, and Kazuo Shinozaki2
1
Japan International Research Center for Agricultural Sciences (JIRCAS), Min. Agr. Forest Fish.,2Lab. Plant
Mol. Biol., Inst. Phys. Chem. Res. (RIKEN), Tsukuba Ibaraki, Japan
To analyze roles of two-component systems in plant signal transduction, we have so far cloned a cDNA encoding a
hybrid-type histidine kinase ATHK1 from Arabidopsis. We have previously demonstrated that ATHK1 has a potential
ability to act as an osmosensor by analyzing both the sensing (input) and catalytic (output) activities with yeast
osmosensing-defective mutants.
In order to examine the function of ATHK1 in planta, we attempted to generate Arabidopsis plants transformed with
mutated ATHK1 cDNAs. We initially found that ATHK1 forms a homodimer through each cytoplasmic region by yeast
two-hybrid interaction analysis. We then constructed a cDNA libraly of the mutated ATHK1 using PCR-based random
mutagenesis and co-transformed a yeast SLN1 deletion mutant with a wild-type ATHK1 cDNA. We screened dominantnegative ATHK1 mutants that inhibited the activity of the wild-type ATHK1, which in turn suppresses the yeast SLN1
deletion mutant, and isolated six candidates (ATHK1-1 to 6). Sequence analysis revealed that ATHK1-2 has an Nterminal deletion and ATHK1-6 has a nucleotide substitution at a putative ATP binding site. We are currently analyzing
transgenic Arabidopsis plants overexpressing the dominant-negative ATHK1 cDNAs.
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Auxin and growth dynamics in the root meristem of arabidopsis in response to water
deficit

Corine van der Weele
Division of Biological Sciences, University of Missouri-Columbia
We study the regulation of growth rate by cell production and expansion in the Arabidopsis thaliana primary root
exposed to water deficit. Spatial profiles of cell expansion and division rates are obtained through kinematic analysis to
elucidate the role of these processes in stimulating growth under moderate deficit and maintaining growth under severe
stress. Velocity profiles were obtained with the use of a new image analysis program that estimates instantaneous velocities
at high spatial resolution. Sharp transitions in cell expansion and cell production are revealed and comparisons of the
different treatments show the local dynamics of expansion and division. Growth under severe stress is accomplished
primarily through the maintenance of cell expansion, as cell production is decreased by 50% or more. During moderate
stress, an increase in both cell production and elongation underlies the enhanced growth. Cell production is not always
increased and is not essential as the percent growth increase is the same when cell division is inhibited. Moreover, cell
elongation while always increased in wild type plants also is not essential, because the auxin mutant aux1-7 enhances
growth to the same extent as wild type by increasing cell flux only. To explain the stimulated elongation, our results are
consistent with moderate stress inhibiting auxin polar transport or lowering auxin sensitivity allowing for increased cell
growth. First, cell elongation in roots under moderate stress is less sensitive not only to exogenous auxin, but also to
treatment with the polar transport inhibitor, NPA. Second, auxin responsiveness as assessed by GUS expression driven
by the BA3 promoter is reduced near the zone of rapid elongation. Third, cell expansion is not stimulated by moderate
water deficit in certain mutants that disrupt auxin responsiveness or polar transport, namely axr1-12, axr3-1, aux1-7 and
rcn1. These results establish a role for auxin in the coordinated regulation of cell production and cell expansion in the
root meristem.
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The Arabidopsis LOS5/ABA3 Locus Encodes A Molybdenum Cofactor Sulfurase and
Modulates Cold and Osmotic Stress Responsive Gene Expression

Liming Xiong, Manabu Ishitani, Hojoung Lee, Jian-Kang Zhu
Department of Plant Science, University of Arizona, Tucson, AZ 85721, USA
To understand low temperature and osmotic stress signaling in plants, we isolated and characterized two allelic
Arabidopsis mutants, los5-1 and los5-2, which are impaired in gene induction by cold and osmotic stresses. Expression
of RD29A-LUC (firefly luciferase reporter gene under control of the stress responsive RD29A promoter) in response to
cold and salt/drought is reduced in the los5 mutants but the response to ABA remains unaltered. RNA blot analysis
indicates that the los5 mutation reduces the induction of several stress-responsive genes by cold and severely diminishes
or even completely blocks their induction by osmotic stresses. Despite its dramatic impact on these stress-responsive
genes, the los5 mutation does not affect the expression of upstream CBF/DREB regulatory genes. los5 mutant plants are
compromised in their tolerance to freezing, salt or drought stress. They are also ABA-deficient, as indicated by increased
transpirational water loss and reduced accumulation of ABA under drought stress. A comparison with another ABA
deficient mutant aba1 reveals that the impaired low temperature gene regulation is specific to the los5 mutation. Genetic
tests suggest that los5 is allelic to aba3. Map-based cloning reveals that LOS5/ABA3 encodes a molybdenum cofactor
(MoCo) sulfurase. MoCo sulfurase catalyzes the generation of sulfurylated form of MoCo, a cofactor required by aldehyde
oxidase that functions in the last step of ABA biosynthesis in plants. The LOS5/ABA3 gene is expressed ubiquitously in
different plant parts and the expression level increases in response to drought, salt, or ABA treatment. Our results show
that LOS5/ABA3 is a key regulator of ABA biosynthesis, stress-responsive gene expression and stress tolerance. The
results also suggest that ‘ABA-independent’ signaling may not be completely independent of ABA, and its operation
may require ABA-dependent factor(s).
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Characterization of Chloroplast Clp proteins in Arabidopsis thaliana

Bo Zheng1, Tami Halperin2, Zach Adam2, Adrian Clarke3
1
Umea University, Sweden,2Hebrew University of Jerusalem, Israel ,3Göteborg University, Sweden
Although the study of molecular chaperones and proteases is now one of the most exciting and developing fields of
research today, our understanding of such systems in chloroplasts of higher plants remains rudimentary. The protein
environment in chloroplasts is complex and dynamic, with many processes requiring the action of one or more chaperones
or proteases. The Clp/Hsp100 protein family is a newly discovered family of molecular chaperones that are present in
almost all bacteria and eukaryotes. Besides being important chaperones, many Clp/Hsp100 also participate in protein
degradation by associating with the proteolytic subunit ClpP to form the Clp protease complex. Higher plants have by
far the greatest number and complexity of Clp proteins than any other group of organisms. 19 different Clp isomers in
plants have been identified, most of these were located inside chloroplasts. Because of this diversity, we have adopted a
functional genomics approach to characterise all Clp proteins in the model plant Arabidopsis thalianat . Our ongoing
research strategy combines genetic, biochemical and molecular approaches. Central to these has been the preparation of
antisense transgenic lines for each of the chloroplast Clp isomers. These trangenic lines will be analysed to determine
the importance of each chloroplast Clp protein for plant growth and development.
This work was supported in part by grants from SJFR – Swedish Agricultural and Forestry Resource Council, Carl Tryggers Foundation for
Scientific Research, STINT – Swedish Foundation for International Cooperation in Research and Higher Education and the Israel Science
Foundation, BARD – US-Israel Binational Science Foundation.
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PDF2, a gene encoding a homeodomain protein, regulates epidermal cell
differentiation in Arabidopsis

Mitsutomo Abe, Taku Takahashi, Yoshibumi Komeda
Hokkaido University
The shoot apex of angiosperms consists of clonally different cell layers from the outside to the inside and the
outermost (L1) layer gives rise to the epidermis of the primary shoot body. Genes expressed in specific cell layers have
confirmed the layered nature at the molecular level. Some of them have been shown to be expressed exclusively in the
L1 layer and implicated in determining the features of the cell surface. Furthermore, the Arabidopsis thaliana MERISTEM
LAYER1 (ATML1) gene encoding an HD-GL2 class protein shows expression specific to the protoderm of developing
embryos and the L1 cell layer of shoot apices. Similar expression patterns have also been reported for its homologous
genes in maize. These observations suggest a regulatory role for the members of the HD-GL2 class in the L1 layerspecific gene expression and consequently in the epidermal cell differentiation. Our previous study has demonstrated
that an 8-bp motif named the L1 box functions as a cis-regulatory element for L1-layer-specific expression of genes in
the shoot system of Arabidopsis. Here we report the isolation and characterization of PROTODERMAL FACTOR2
(PDF2), a new member of the HD-GL2 class homeobox genes, that is expressed exclusively in the L1 layer of shoot
meristems and the protoderm of organ primordia. We show that the recombinant PDF2 protein can bind to the L1 box in
mobility shift assays. While PDF2 overexpression results in delayed flowering, reduced expression of PDF2 causes
morphological aberrations in sepal and petal epidermal cells. Furthermore, we demonstrate that PDF2 expression is
upregulated by the induction of ATML1. These data suggest that PDF2 acts downstream of ATML1 and plays a role in
epidermal cell differentiation in floral organs possibly by regulating the expression of essential L1-specific proteins.
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Role of auxin transport and signaling in pattern formation of the apical region of the
Arabidopsis embryo

Mitsuhiro Aida1, Masahiko Furutani2, Masao Tasaka2
1
University of Utrecht, 2Nara Institute of Science and Technology (NAIST)
In dicotyledonous plants, the apical region of the embryo exhibits bilateral symmetry as two cotyledon primordia
are formed at the opposite sides of the presumptive shoot apical meristem. The CUP-SHAPED COTYLEDON1 (CUC1)
and CUC2 genes are required for cotyledon separation and shoot meristem formation during embryogenesis. These
genes start to express as a stripe in the medial region between the presumptive cotyledons, reflecting bilateral symmetry
in the embryo. Mutations in the PIN-FORMED1 (PIN1) gene, which is required for polar auxin transport, frequently
cause partial fusion of cotyledons and alterations in their number and position, suggesting that PIN1-dependent auxin
transport is required for establishment of bilateral symmetry and cotyledon separation. Mutations in the MONOPTEROS
(MP) gene, which encodes a transcription factor that is thought to mediate auxin signaling, also cause partial fusion of
cotyledons, suggesting that the involvement of MP-mediated auxin signaling in cotyledon separation. To study roles of
auxin transport and signaling in the formation of the apical region of the embryo, we performed expression analysis of
CUC1 and CUC2 in pin1 and mp mutant embryos as well as double mutant analysis. The results suggest that auxin
transport and signaling mediated by PIN1 and MP are involved in separation of cotyledons and shoot meristem formation
through regulating expression patterns of CUC1 and CUC2.
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Regulation of the shoot and root apical meristems by MEI2-like RNA binding proteins

Nena Alvarez 1, Carmel Gilman1, Vernon Trainor1 and Bruce Veit1,2
Massey University1, AgResearch2,Palmerston North, New Zealand
We are interested in how an unusual class of RNA binding proteins functions in plants to regulate morphogenesis.
The founding member of this class, MEI2 from Schizosaccharomyces pombe, is required for the transition to meiotic
development. Although MEI2 contains 2 splicing factor-like RNA recognition motifs (RRMs) and acts in the nucleus,
the mechanism of its action is unclear. The protein is unusual in that its nuclear localisation depends on it binding a noncoding RNA, meiRNA, an interaction mediated by a third RRM which defines the MEI2-like class of proteins 1.
A role for MEI2-like proteins in plants was first suggested by an analysis of the TERMINAL EAR 1 (TE1) gene of
maize in which loss of function mutations lead to changes in the pattern of leaf initiation2. Consistent with this phenotype,
TE1 is normally expressed in semi-circular rings which bracket sites of leaf initiation, suggesting expression of the gene
somehow prevents leaf intiation.
We have begun a comprehensive analysis of the 7 MEI2-like genes in Arabidopsis. Two of these, TEL1 and TEL2
(TERMINAL EAR1-)like, are more similar to TE1 while 5 other genes, AML1-5 (Arabidopsis MEI2-like, more closely
resemble MEI2. Expression studies of genes from both these subclasses reveal highly patterned expression in both the
SAM as well as the RAM which begins in the globular stage embryo and persists throughout the life of the plant.
3 loss of function mutants that have been identified from pooled T-DNA lines show no obvious mutant phenotypes.
However, double mutants reveal striking defects to both root and shoot development. Expression patterns of these genes
in various mutant backgrounds suggest they may influence determination pathways in the SAM and RAM.
1) Yamashita et al. Cell 95:115-123
2) Veit et al. Nature 393: 166-168
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Role of IAA Flux on Vascular Tissue Development in Arabidopsis leaves

Orna Avsian-Kretchmer, J.-C. Cheng, and Z. R. Sung
Department of Plant and Microbial Biology, University of California, Berkeley, CA 94720
Inhibition of polar auxin transport affects leaf development and venation pattern (Mattsson et al., 1999, Development.
126:2979-2991). However, the site of IAA production and its route of transport have not been characterized. It was
generally assumed that IAA was produced in the emerging leaf primordia and drained into the plant, causing the
differentiation of the primary vein. This implies a basipetal differentiation of the midvein procambium, which is
incongruent with its apparent acropetal differentiation from the shoot. To study the role of polar auxin transport in
mediating vascular differentiation during leaf development, we used a monoclonal anti-IAA antibody to assay IAA
distribution in Arabidopsis tissue sections. In parallel, we used transgenic plants harboring the IAA inducible promoters
fused to the beta-glucuronidase (GUS) reporter gene to analyze IAA distribution. IAA signals were monitored in seedlings
grown on media containing the auxin transport inhibitor, 1-N-naphthylphthalamic acid (NPA). We found that NPA
inhibited IAA accumulation in shoot apices of germinating seedlings. However, IAA signals can be detected in older leaf
primordia before the initiation of the primary and secondary veins. In addition, cotyledons from NPA-treated seedlings
show higher IAA signals than the controls. These results suggest that the young shoot apical tissue, which consists of
actively dividing cells do not produce or accumulate free IAA, rather IAA was transported to these tissues from other
organs. Acropetal flow of IAA from the plant into the developing leaf primordia would explain the acropetal differentiation
of the primary vein.
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Role of the HD-ZIP III family of transcription factors in vascular development

Simona Baima1, Marco Possenti1, Maria Maddalena Altamura2, Ida Ruberti3, Giorgio Morelli1
1
Ist. Naz. Ricerca Alimenti e Nutrizione, Rome, Italy. 2Univ. “La Sapienza”, Rome, Italy. 3Centro Acidi
Nucleici, CNR, Rome, Italy
ATHB-8, -9, -14, -15 and IFL1/REV are members of a small homeodomain-leucine zipper family (HD-ZIP III)
whose genes are characterised by expression in the vascular tissue. ATHB-8, a gene positively regulated by auxin, is
considered an early marker of procambial cells and of wound cambial cells during vascular regeneration (Baima S et al,
Dev 121: 4171, 1995), while IFL1/REV has been shown to be necessary for proper development of the vascular tissue as
well as for lateral meristems initiation and normal organ formation (Talbert PB et al., Dev 121: 2723, 1995; Zhong R &
Ye Z-H, Plant Cell 11: 2139, 1999; Ratcliffe OJ et al., Plant Cell 12: 315, 2000; Otsuga D et al., Plant J 25: 223, 2001).
As a basis for mutant analysis, we investigated the tissues and events involved in the formation of vascular system in
Arabidopsis inflorescence stem. Interestingly, we observed both a ring of vascular cambium, mainly producing xylem,
and a phellogen, indicating that Arabidopsis undergoes a complete program of secondary growth also in the stem.
Moreover, we found that the onset of cambial activity is temporally associated with the deposition of cellulose at the
wall corners of the outermost layers of interfascicular parenchymatic cells. Upon lignification, these cells further
differentiate into extraxylary fibres. Although microscopic analysis demonstrated that formation of the vascular system
is not affected in two En-1 transposon-tagged insertional athb8 mutant, we found that overexpression of ATHB-8 in
transgenic plants promotes vascular cell differentiation. During primary growth, procambial and interfascicular cells
differentiated precociously into primary xylem and fibres, respectively. Moreover, the transition to secondary growth
was anticipated. Stimulation of vascular meristems results in an increased production of xylem tissue and complex
modifications of the growth of ATHB-8 transgenic plants.To extend our knowledge on the specific functions of HD-ZIP
III genes, we have undertaken a reverse genetics approach to identify mutants corresponding to ATHB-9, -14 and -15.
The characterization of vascular system differentiation in these insertional mutants is in progress.
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Cyclophilin 40 regulates vegetative phase change in Arabidopsis

Tanya Berardini1, Hui Sun1, Krista Bollman1, Lewis Chodosh2,3, and Scott Poethig1
Department of Biology, 2Department of Molecular & Cellular Engineering, and 3Department of Medicine,
University of Pennsylvania, Philadelphia, PA 19104
During its development, a plant shoot progresses from a juvenile to an adult phase of vegetative growth, and from a
reproductively incompetent to a reproductively competent state. In Arabidopsis, loss-of-function mutations in SQUINT
(SQN) truncate the juvenile phase and have subtle effects on inflorescence morphology, but have no effect on flowering
time or reproductive competence. SQN encodes the Arabidopsis homologue of Cyclophilin 40 (CyP40), a protein found
in association with the Hsp90 chaperone complex in yeast, mammals, and plants. Several different approaches have
been used to characterize the biochemical function of this protein. In a heterologous complementation assay, SQN
rescues the slow growth phenotype of a mutation in CPR7, a S. cerevisiae Cyp40 gene. A yeast-two-hybrid screen was
performed using SQN as a bait protein to isolate interacting proteins that may clarify the mechanism by which SQN
affects vegetative phase change. Positive interactors are being characterized. Using stable transgenic lines overexpressing
SQN-GUS, the protein was localized to both the cytoplasm and the nucleus. Finally, expression patterns of 8-day old Col
and sqn-1 seedlings were compared by hybridization to microarray chips representing about 8200 genes. Genes whose
expression increased or decreased by 2-fold or more encode proteins which fall into several broad categories: cell wall
proteins, transcriptional regulators, stress-response proteins and others.
1

435

Mutations affecting ovule morphology and integument identity

Dominique Bergmann and Chris Somerville
Carnegie Institution of Washington, Dept. of Plant Biology, 260 Panama St., Stanford, CA 94305
Arabidopsis seeds are typically oblong, and dried seeds reflect the shape of the embryo within. Some aspects of seed
morphogenesis are under maternal control, however, and the analysis of several mutants points to a role for the integuments
in the control of early morphogenesis. We have begun a new project to study the development of seed integuments and
have screened for seed shape mutants that also are defective in another aspect of integument identity—the ability to
make mucilage. From a population of 9,000 plants, we identified 40 lines with round seed and completely or partially
disrupted mucilage production. One mutation was allelic to ettin, and we subsequently found that previously-identified
ettin alleles also had defects in integument layer formation and seed shape, but not mucilage production. A phenotypic
analysis of the new integument mutants as well as preliminary complementation results will be presented.
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Two bHLH genes are involved in Arabidopsis root epidermis cell specification

Christine Bernhardt (1), Antonio Gonzalez (2), Fan Zhang (2), Alan M. Lloyd (2), John W. Schiefelbein (1)
(1) Department of Biology, University of Michigan, Ann Arbor; (2) Molecular Cell and Developmental Biology
and the Institute for Cellular and Molecular Biology, University of Texas, Austin
In the Arabidopsis root epidermis two cell types, root hair cells and non-hair cells, arise in a distinct positiondependent manner. Several genes that influence this cell specification of root epidermal cells have been identified
previously. Among those, mutations in the WD40 protein TTG have been shown to induce ectopic root hair formation,
thus suggesting a role for this protein in controlling non-hair cell fate. Overexpression of the maize R gene (a bHLH
transcription factor) can complement the ttg mutant phenotype and in wildtype seedlings is leading to an almost hairless
root phenotype. These data suggest that an R-like bHLH protein exists in Arabidopsis that acts downstream of TTG in
promoting non-hair cell specification. To identify possible candidates, we investigated the influence of two bHLH
genes, recently shown to be involved in promoting trichome cell specification, on root epidermis development. Mutations
in GLABRA3 (GL3) cause ectopic root hairs to form in a portion of the primary root. A more extreme ectopic root hair
phenotype was observed in a double mutant background consisting of gl3 and egl1 (enhancer of glabra3). Expression of
an EGL1 antisense construct in wildtype roots does not generate a significant phenotype thus suggesting a redundant
function for these two proteins in specifying non-hair cell fate. Overexpression of either GL3 or EGL1 under the control
of the 35S promoter results in a reduced number of root hairs. Furthermore, as has been predicted by the analysis of
35S::maize R lines, overexpression of EGL1 is able to rescue the ttg mutant phenotype and leads to ectopic expression
of GLABRA2, a homeobox gene promoting non-hair cell development downstream of TTG. These data confirm the
longstanding assumption about an involvement of bHLH protein(s) in specifying non-hair cell fate in the Arabidopsis
root epidermis.
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The WOODY gene (WDY) is required for vascular patterning in Arabidopsis thaliana

Martin Bonke (1), Kirsi Törmäkangas (1), Marie-Theres Hauser (2), Ykä Helariutta (1)
(1) Institute of Biotechnology, POB 56, FIN-00014, University of Helsinki, Finland; (2) Zentrum für
Angewandte Genetik, Universität für Bodenkultur Muthgasse 18, 1190 Wien, Austria
The developmental ontogeny of the vascular system (consisting of xylem, phloem and [pro]cambium) is poorly
understood despite its central role in plant physiology. We are studying the genetic control of vascular patterning during
root development in Arabidopsis. By serial sectioning we have recently determined the cell lineage relationships of the
vascular tissue in the root meristem: xylem cell lineages are specified early, whereas phloem and procambium are
established through a set of asymmetric cell divisions (Mähönen et al. Genes Dev 14: 2938). Subsequently, we have
confirmed this anatomical model by analyzing the status of a set of marker lines from the Haseloff collection. In search
of mutants defective in the vascular patterning of the root, we have identified a recessive, seedling lethal mutant, woody
(wdy). wdy seedlings have a short root with only occasional lateral branches. Whereas the outer layers of the wdy roots
have a normal radial pattern, the vascular system is abnormal. In the wdy vascular cylinder, xylem characteristically
takes over a larger domain than in wild-type. This is associated with a lack of anatomically normal phloem and procambium
in some regions of the root. Unlike in the wooden leg mutant with exclusive xylem development accompanying a
reduced cell number (Scheres et al. Development 121: 53), the number of cells in the wdy vascular cylinder does not
seem to be affected. This is suggestive for a different developmental basis for the altered vascular anatomy in the two
mutants. To analyze this further, we have recently introduced various informative marker lines to the wol and wdy
backgrounds. Progress in the developmental characterization and genetic mapping of the wdy mutation will be presented.
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Interaction between Asymmetric leaves1 and KNOX homeobox genes in Arabidopsis.

Mary Byrne, Joe Simorowski and Robert Martienssen
Cold Spring Harbor Laboratory, Cold Spring Harbor, New York 11724, USA.
The shoot apical meristem comprises undifferentiated and dividing stem cells that give rise to derivatives from
which organ founder cells are recruited. The three dimensional architecture of lateral organs is specifed during founder
cell recruitment. Both meristem maintenance and lateral organ form are processes defined, in part, by a cascade of
negative regulatory interactions between homeobox transcription factors (KNOX genes) expressed in the shoot apical
meristem and the myb domain transcription factor Asymmetric leaves1 (AS1) expressed in lateral organ primordia. We
are using a genetic approach to further define interactions between components in the pathway from shoot apical meristem
to lateral organ development.
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Analysis of CRINKLY4-like Receptor Kinase Genes in Arabidopsis

Xueyuan Cao, Yvonne Asuncion-Crabb, Laurie Sandall, and Philip W. Becraft
Iowa State University
The maize CR4 receptor-like kinase regulates cell differentiation in the endosperm and the shoot. Mutation in cr4
leads to defects in the leaf epidermis and aleurone layer. The Arabidopsis genome encodes 5 receptor-like proteins
related to maize CR4. AtCR4 is believed to be the CR4 homologue with 60% amino acid identity and all the characteristic
motifs of the maize CR4. Proteins encoded by the other 4 CR4-RELATED (CRR) genes lack the carboxyl domain and
have lower similarity with the maize CR4. Northern blotting showed that AtCR4 is expressed in shoot apical meristems
and young leaves, flowers and siliques. It is not detectable in mature leaves and roots. CRR1 and CRR3 are also expressed
because ESTs are present in database. A knockout of AtCR4 has been obtained by screening the Wisconsin collection of
T-DNA insertion lines. Heterozygous plants show 50% seed set and we have not recovered a homozygote, suggesting
that AtCR4 is required in the megagametophyte. We are pursuing strategies to study the function in sporophyte
development.

440

STRUBBELIG and the control of meristem size and early organogenesis

David Chevalier and Kay Schneitz
Institute of Plant Biology, University of Zürich, Zollikerstr. 107, CH-8008 Zürich, Switzerland. Email:
Kay.Schneitz@access.unizh.ch
Each organ has a characteristic size and shape. How is it achieved? The control of patterns of cell division and
change of cell shape are the main ways. However, little is known about the communication between cells that has to be
part of this control in the shoot apical meristem and the emerging organ primordium.
Here we present our analysis of the STRUBBELIG (SUB) gene. The sub mutant plants show a range of pleiotropic
defects. They exhibit altered ovule development and thus partial female sterility. In addition, the inflorescence meristem
size is variable (smaller with fewer flowers and bigger with more flowers). Flowers and floral organs are either missing
or show a reduction of growth. The shape of the epidermis and cortex cells of the inflorescence stem is irregular. It
indicates a role of SUB in controlling meristem size and lateral organ initiation and outgrowth
We have cloned the gene by positional cloning. Northern data showed that SUB is ubiquitously expressed in the
plant. In situ hybridization experiments revealed that SUB mRNA accumulates in the inflorescence and floral meristems,
and emerging organ primordia. SUB encodes a putative leucine-rich repeat (LRR) transmembrane receptor-like kinase.
These findings contribute to our understanding of signaling and cell communication mechanisms during the control of
cell proliferation in a developing organ.
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The Role of PID Kinase in Auxin Regulation

Sioux Christensen1, Detlef Weigel2, Joanne Chory2
1
University of California, Los Angeles,2The Salk Institute
The plant hormone auxin controls diverse mitogenic and morphogenic events during plant development. Auxin
signal-transduction regulates endogenous patterning processes, including early steps in meristem partitioning and formation
of the plant vascular system. Auxin also regulates tropic responses to external stimuli such as light and gravity. Genetic
screens have identified genes involved in auxin transport, auxin regulated gene transcription, and targeted protein
degradation as critical elements in auxin signaling. However, the mechanism by which these various components interact
and are coordinately regulated is not yet known. We have cloned and characterized the PINOID(PID) gene of Arabidopsis
which encodes a serine-threonine protein kinase. The pleiotropic PID loss-of-function and over-expression phenotypes
resemble those of known auxin signaling and transport mutants, consistent with a specific role for this gene in auxin
regulation. Furthermore, PID is the first kinase associated with auxin specific phenotypes. Therefore, PID offers a
unique and powerful tool to explore the effect of protein phosphorylation on auxin-mediated processes. Analysis of the
PID sequence indicates that PID is a member of a novel class of plant serine-threonine kinases. We are using genetic,
molecular and biochemical strategies to initiate detailed dissection of the role of PID and its homologues in the regulation
of auxin activity in Arabidopsis.
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CUC1 and CUC2 promote adventitious shoot apical meristem formation on calli

Yasufumi Daimon1 and Masao Tasaka2
Department of Botany, Graduate School of Science, Kyoto University, 2Graduate School of Biological Sciences,
Nara Institute of Science and Technology
In dicot, the shoot apical meristem (SAM) is formed between two cotyledons during embryogenesis. Calli induced
from various organs can form SAM, after induction of adventitious shoot formation. We have isolated cuc (cup-shaped
cotyledon) mutant, which lacks an embryonic SAM and forms fused cup-shaped cotyledons. We have shown that this
phenotype was caused by double mutations of two loci, CUC1 and CUC2, and cloned both. Even in cuc1 and cuc2 single
mutants, efficiency of adventitious shoot formation from calli was reduced compared to wild type. These results suggest
that these genes positively regulate not only SAM formation in embryo but also adventitious shoot formation from calli.
Here, we analyzed the role of the CUC1 and CUC2 genes in adventitious shoot formation. We made calli transformed
with 35S::CUC1 or 35S::CUC2 and then, induced them to form adventitious shoot. They produced shoots much faster
and more amount than the calli transformed with a control vector. This indicates that CUC1 and CUC2 promote adventitious
shoot apical meristem formation on calli. During embryogenesis, CUC1 and CUC2 are suggested to induce SAM through
activation of the STM. stm mutant does not form SAM in embryo. Moreover, stm mutant calli formed only leaves
without SAM. When we transformed stm muitant calli with 35S::CUC1 or 35S::CUC2, they produced very many leaves,
but no SAM again. This also shows that CUC1 and CUC2 induced SAM through STM activation even in calli.
1
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Regulation of Stomatal Neighbor Cell Polarity and Asymmetric Division in
Arabidopsis

David O. Deppong1, Matt J. Geisler1, 2, Jeanette A. Nadeau1, Fred D. Sack1
1
Plant Biology, Ohio State Univ., Columbus, OH; 2Botany and Plant Sci., Univ. California, Riverside, CA
Stomata are spaced apart from each other by at least one cell. The key mechanism that establishes this pattern in
Arabidopsis is that the asymmetric division in cells adjacent to stomata or their precursors is oriented so that the new
precursor, the satellite meristemoid, is placed away (Geisler et al., Pl. Cell 2000, 2075-86). Because the division in
neighbor cells plays a major role in stomatal patterning, we analyzed parameters that regulate the competence of these
cells to divide asymmetrically in wild type leaves. In addition, cytological events were studied that might predict which
cells have been selected to divide asymmetrically. Neighbor cell polarity correlated positively with division competence.
Depolarization and other temporal and morphological markers correlated with a loss of division competence. Many
more cells were polarized than divided asymmetrically. Thus, neighbor cell polarity is a marker of division competence
and does not predict a commitment to divide asymmetrically.
The too many mouths mutation randomizes the plane of asymmetric division in neighbor cells. However, tmm
neighbor cells were more or less correctly polarized. This suggests that TMM regulates the selection of the division site
but is not required for the establishment of a default polarity in neighbor cells. Finally, the regulation of division competence
appears to be a significant factor affecting the distribution and density of stomata. Supported by grants from the National
Science Foundation (Nos. IBN-9505687 and IBN-9904826).
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Positional cloning and characterization of ALF4, a gene required for lateral root
formation

Raymond J. DiDonato, Erin Arbuckle, Jill Sheets, John L. Celenza
Boston University
Lateral root formation is the primary way in which plants enlarge their root system. Lateral roots arise
postembryonically from a subset of pericycle cells via the coordination of cell division, cell expansion and differentiation.
Much work in recent years has shown that lateral root formation is regulated at a number of stages by environmental and
development signals. Our lab has taken a molecular genetic approach to isolate genes important for lateral root formation.
The alf4-1 mutant was isolated because of its greatly reduced number of lateral roots. The mutation blocks lateral root
development at or before initiation and the defect is not rescued by the addition of auxin, a promoter of lateral root
initiation. In addition, the alf4-1 mutant is male sterile and has reduced cell expansion in several organs including leaves
and the hypocotyl.
To clone ALF4, the alf4-1 mutation was mapped to a 2 cM region of chromosome 5. By walking towards alf4-1 from
linked markers, the mutation was delimited to a 32 kb genomic interval. Complementation of the mutant with wild-type
DNA combined with direct sequence comparison of wild type and alf4-1 genomic DNA was used to identify the ALF4
gene. The mutation is a deletion that eliminates a splice site within the ALF4 gene. We are currently investigating
whether this mutation results in a null phenotype. Comparison of ALF4 cDNA and genomic sequences revealed a gene
structure composed of at least 13 exons although the precise 5' end of the transcript has not been determined. The ALF4
gene, found only once in Arabidopsis, encodes a predicted protein with no obvious similarities to known proteins.
However ESTs from wheat and soy bean share significant homology with ALF4 suggesting that ALF4 is found throughout
higher plant species.
To examine the tissue-specific expression pattern of ALF4, transgenic plants have been made containing a βglucuronidase reporter fused in-frame to the first exon of ALF4. Preliminary results indicate that ALF4 expression is
limited to areas within leaves, the embryo and the root elongation zone. This expression pattern taken together with the
observed alf4-1 mutant phenotype suggests a role for ALF4 in controlling cell elongation and/or cell fate determination.
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Activation of BRACTS Induces Ectopic Development of Bracts in Arabidopsis
thaliana.

Jose R. Dinneny1, Ramin Yadegari2, Robert L. Fischer3
1
Division of Biology, University of California, San Diego, 2Department of Plant Sciences, The University of
Arizona, Tucson, 3Department of Plant & Microbial Biology, University of California, Berkeley
The plant body is a dynamic structure whose architecture changes to adapt to environmental fluctuations. A major
change in plant architecture occurs during the transition between the adult and vegetative phases in Arabidopsis thaliana.
This transition is characterized by the complete inhibition of leaf development and the induction and transformation of
the axillary shoot into the flower. We are characterizing an activation-tagged mutant line, termed bracts-1d, that in fact
releases the development of bracts from inhibition and produces flowers each subtended by a leaf. Molecular
characterization of the bracts-1d mutation shows that we have tagged a putative transcription factor with a single C2H2
zinc-finger domain. RT-PCR and in situ hybridization analyses indicate that the BRACTS mRNA accumulates within the
inflorescence meristem, young floral organs, and the developing seeds. We are currently identifying a knock-out mutant
line to establish a complete loss-of-function phenotype for the BRACTS gene.
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Rescue of the shootmeristemless (stm) mutant phenotype by expression of STM
mRNA in a subset of its normal domain: implications for nonautonomous action of
the STM transcription factor

Anita G. Fernandez, Jeff Long, Rebecca E. Joy, and M. Kathryn Barton
Laboratory of Genetics, University of Wisconsin-Madison, 445 Henry Mall, Madison, WI 53706
The SHOOTMERISTEMLESS (STM) gene product is required for development of the Shoot Apical Meristem (SAM)
and all of its derived products including leaves, stems, flowers, and seeds. The stm- phenotype is dramatic: plants
germinate with root, hypocotyl, and cotyledons but no SAM. STM mRNA and protein are expressed throughout the
developing SAM from early embryogenesis until senescence. The 3.5 KB genomic region upstream of the STM translation
start codon drives expression of the GUS reporter in only the peripheral zone (PZ) of the SAM although STM mRNA and
protein are normally found in both the peripheral zone and the central zone (CZ) of the SAM. Little is known about the
relative roles of STM in the PZ versus the CZ. In order to understand this better, the STM cDNA was expressed from this
“partial” (PZ only) promoter in stm-11/stm-11 plants. These transformed stm-11/stm-11 individuals were indistinguishable
from the wild type. When rescued stm-11/stm-11 plants were challenged by placing them in conditions requiring their
SAM’s to be more productive, they behaved similarly to challenged wild-type plants. Thus expression of STM in a
subset of its normal domain yields complete rescue of our strongest stm hypomorph. In order to understand how this
could happen, expression of STM mRNA and protein was analyzed in rescued homozygous stm–11 embryos. Surprisingly,
the STM protein was found at wild-type levels in both the CZ and the PZ. In contrast, the STM mRNA was significantly
reduced in the CZ . This result is consistent with the STM protein being expressed in the PZ and moving into the CZ in
rescued embryos. We are pursuing further experiments to investigate this possibility, as well as the role of such movement
in the normal development of the SAM. In addition, we have done similar rescue experiments in which KNAT1, KNAT2,
or an STM-GUS fusion was expressed from the partial STM promoter in stm-11/stm-11 individuals. The results of these
shed some light on the wild-type functions of KNAT1 and KNAT2 and give insight into the probable mechanism of
rescue of the stm phenotype.
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The transposon insertion in a putative homeobox gene disrupts many aspects of
normal development in Arabidopsis

Chiushi Fu1, Rob Martienssen2, Daniel R. Bush1,3
1
University of Illinois, 2Cold Spring Harbor Laboratory, 3ARS-Photosynthesis Research, 196 ERML Urbana,
IL
The screen of gene-trap insertion lines identified a new hypothetical homeobox gene that encodes a transcription
factor of 210 amino acids. The insertion knock-out alters plant cell differentiation, cell division, and overall development.
The transposant is severely stunted with abnormal root and shoot development, as well as atypical leaf shape. Plants
grown on MS salts medium do not flower, they continuously sprout malformed leaves and sometimes callus develops on
the petiol and hypocotyl. When the transposants are grown on soil, they can perform the transition into reproductive
growth, producing few flowers and curved siliques. Morphological analysis of the root revealed a defect in radial
organization, with irregular cortical cell distribution and a disorganized vascular bundle. In addition, lateral roots are
nodule-shaped and leaves are thick and elongated with finger-like shape. Taken together, all these data suggest this
putative homeobox gene plays an important role of manipulating plant development in multiple facets.
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Lateral root formation is blocked by a gain-of-function mutation in the SOLITARYROOT/IAA14

Hidehiro Fukaki, Satoshi Tameda, Haruka Masuda, Ryo Matsui, Masao Tasaka
Graduate School of Biological Sciences, Nara Institute of Science and Technology, Takayama 8916-5, Ikoma
630-0101, Japan
Lateral root development is one of the postembryonic organogenesis that gives rise to most of underground parts of
higher plants. Although it is known that auxin promotes lateral root formation, the molecular mechanisms of auxinregulated lateral root formation is still unknown. We identified a novel Arabidopsis locus SOLITARY-ROOT ( SLR )
which is important for lateral root formation and the other root morphogenesis. A dominant slr mutant completely lacks
lateral root and cannot be rescued by the addition of exogenous auxin. Analysis with cell cycle and cell differentiation
markers ( CycB1;1 ::GUS and End199) indicated that the slr mutation specifically blocks the cell divisions of the
pericycle in the early stages of lateral root initiation. In addition, the slr mutant is also defective in root hair formation
and gravitropic responses in both roots and hypocotyls. Physiological analysis showed that the slr roots are specifically
resistant to auxins. We found that the slr has a point mutation (P82S) in the conserved domain II of IAA14, a member of
Aux/IAA proteins. The expression of the mutated IAA14 cDNA under the IAA14 promoter caused the slr phenotype in
wild-type plants. Furthermore, we isolated an intragenic suppressor mutant of slr ( slrR-1 ) which has a second point
mutation in IAA14. These results show that SLR encodes IAA14. We observed that the mutated IAA14-GFP fusion
protein is specifically localized in the nucleus and that a gain-of-function slr/iaa14 mutation decreases the auxin-inducible
BA-GUS expression in the root, strongly suggesting that IAA14 acts in the auxin-responsive transcription. Our results
indicate that SLR/IAA14 is a key component in auxin-regulated root development, especially in lateral root formation.
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Arabidopsis TFL2 gene, encoding a novel polycomb protein, makes a complex with
CO-like protein and represses FT expression during floral transition.

Koji Goto1, Toshihisa Kotake1, Masaaki Ohto2, Tomohiro Kainou1, Nozomi Kuroda1
1
Res. Inst. Biological Sciences, 2 UC Davis
tfl2 mutants were first isolated as an enhancer of tfl1 mutant. However, we focused on their day-length independent
early flowering phenotype, since the tfl2 mutation does not affect TFL1 protein trafficking.
We have cloned TFL2 gene based on T-DNA tagged tfl2-3 allele. TFL2gene encodes chromo and chromo-shadow
domains and this type of polycomb protein is unique in the whole Arabidopsis genome. TFL2 is expressed ubiquitously
in the shoot meristem (vegetative, inflorescence, and flower). These suggest that TFL2 functions as a negative regulator
during floral transition. In order to reveal in which flowering pathway TFL2 is involved, we compared FT, LFY, and
SOC1 expression level in the tfl2 mutant and wild-type background. FT expression is highly upregulated much earlier
than floral transition but LFY, SOC1 are not much affected. By using the yeast two-hybrid screening, we have cloned
CO-like Zn-finger proteins as interacting molecule with TFL2 protein. Together, these results strongly suggest that
TFL2 acts a repressor against the CO-FT floral induction pathway. Presently, genetic and TFL2-CO protein interaction
analyses are in progress.
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Mutations in the Arabidopsis and tomato Lateral suppressor genes reveal a common
control mechanism for lateral shoot formation in monopodial and sympodial plants

Thomas Greb, Elisabeth Schäfer, Ruben Herrero, Dörte Müller, Edith Tillmann, Gregor Schmitz, Klaus Theres
Max-Planck-Institut fuer Zuechtungsforschung, Koeln, Germany
Plant growth depends on the activity of meristematic cells at the tips of shoots and roots, the apical meristems. In
seed plants, shoot branching is initiated by the formation of new meristems in the leaf axils, which subsequently establish
new axes of growth. The patterns of axillary bud formation and the growth characteristics of side-shoots determine to a
large extent the form of plants. Analyses of mutants in different plant species suggest that the initiation of axillary
meristems and the establishment of the main shoot apical meristem during embryogenesis are distinct processes governed
by different control mechanisms.
Tomato plants carrying the recessive lateral suppressor (ls) allele are characterized by several phenotypic
abnormalities, among which the absence of side-shoots and the failure to develop petals are the most prominent ones.
The Ls gene was isolated using a map-based cloning approach. Based on microsynteny studies we have subsequently
also identified the Ls-orthologous gene from Arabidopsis. Isolation of mutants from a population of plants carrying the
transposable element En/Spm allowed us to compare the phenotypes of mutants in the monopodial Arabidopsis versus
the sympodial tomato. Similar to the ls mutant of tomato also the Arabidopsis mutant shows a clear defect in lateral
shoot formation. These observations suggest that the Ls protein is part of a common control mechanism conserved
between monopodial and sympodial plants.
The Lateral suppressor protein belongs to the GRAS family of putative transcription factors. Members of this
family, e.g. SCR and GAI, control diverse steps in plant development. RNA in situ hybridization experiments and GUS
stainings of transgenic plants containing Ls::GUS constructs show that Ls expression is restricted to specific cell groups.
Signals were found in the axils of leaf and sepal primordia as well as in root tips. These experiments suggest that the Ls
gene product is interpreting positional information directing the establishment of new meristems.
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Regionalization of the Arabidopsis embryo

Achim Haecker1, Rita Gross-Hardt1, Thomas Laux2
1
ZMBP-University of Tuebingen,2University of Freiburg
The outcome of embryogenesis is the basic body plan of the seedling, that consists of the shoot meristem, cotyledons,
hypocotyl, root and root meristem. Embryogenesis starts with the first, asymmetric division of the zygote, leading to
two daughter cells that give rise to different parts of the embryo. We are interested in understanding how the primary
body plan of the seedling is established. We have identified three Arabidopsis homeobox genes, ZOX1-3, the expression
patterns of which reflect the regionalization of the early embryo. All three genes are expressed within the zygote. During
the first asymmetric division their mRNAs become localised to either the apical or basal daughter cell. After three more
rounds of cell divisions, the ZOX genes mark the three principal domains of the early embryo: the apical four cells that
give rise to the shoot, the basal four cells that give rise to the root, and the extraembryonic suspensor.We hypothesize
that the ZOX genes determine different regional identities in the early embryogenesis. Furthermore our results suggest
that the zygote expresses determinants for different embryonic regions and that different cell fates arise by segregation
of these determinants via asymmetric cell divisions. We have isolated mutations in all three ZOX genes and are currently
analysing their phenotypes.
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Overlapping and Unique Functions of the
MP and NPH4

Auxin Response’ transcription factors

C.S. Hardtke2, D. Vidaurre1, S. Singh1, G. Stamatiou1, S. Doke3, G. Hagen3, T. Guilfoyle3, T. Berleth1, 4
1
Dept. Botany, Univ. Toronto, Canada, 2pres. addr.: Biol. Dept. McGill Univ., Montreal, Canada 3Dept.
Biochem., Univ. Missouri, Columbia, MO, U.S.A., 4 corr: thomas.berleth@utoronto.ca
Auxin response factors (ARFs) constitute a family of transcription factors that can bind to conserved promoter
elements in auxin-regulated genes (1). For most ARFs, the biological functions are not known. Two ARFs, MONOPTEROS
(MP, ARF5, 2) and NON PHOTOTROPIC HYPOCOTYL 4 (NPH4, ARF7, 3), display extensive sequence similiarity in
DNA binding and protein interaction domains, but have been implicated in distinct developmental processes: MP in the
formation of the embryo axis and in vascular development (4), NPH4 in auxin-mediated differential cell expansion (5).
Here we show that MP and NPH4 can act redundantly in embryo and vascular development. Analysis of mp;nph4 double
mutants reveals the potential of NPH4 to promote embryo axis formation and vascular development, suggesting redundant
regulation of downstream genes. In the regulation of another set of target genes, however, activity of both MP and NPH4
is required, suggesting that in the corresponding transcriptional complexes the two proteins have non-redundant functions.
Physical interaction in common complexes is consistent with strong interaction of both gene products in yeast twohybrid assays. Finally, interactions of both proteins is also indicated by synergistic phenotypes and downstream expression
profiles resulting from single and double overexpression of the two genes in transgenic plants.[1] Guilfoyle et al. (1998).
Plant Phys. 118: 341-347. [2] Hardtke and Berleth (1998). EMBO J 17: 1405-1411.[3] Harper et al. (2000). Plant Cell
12: 757-770.[4] Przemeck et al. (1996). Planta 200: 229-237.[5] Stowe-Evans et al. (1998) Plant Physiology 118: 126575.
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Characterization of frill1, an Arabidopsis floral mutant with serrated petals and
sepals

Yoshihiro Hase and Atsushi Tanaka
Japan Atomic Energy Research Institute (JAERI), Takasaki, Gunma 370-1292, Japan
Organ development is results from appropriate control of cell division and cell expansion, but we know only a little
about this control. Wide range of mutants is necessary for a better understanding of the genetic control in organ
development. We have isolated and characterized a frill1 (frl1) mutant that has serrated petals and sepals, while the other
floral and vegetative organs are not affected in this mutant. Petals and sepals of the frl1 are relatively broader than those
of the wild type. Previous observations revealed that the number of petal epidermal cells in the distal region was decreased
but their size was variable and relatively larger in the frl1 petal, as compared with those in the wild-type petal. Nuclear
size was also larger and variable in the frl1 petal but not in the wild-type petal, suggesting abnormal endo-reduplication
occurred in the distal region of frl1 petal. However, no significant difference was found in the basal region. Observations
of the early petal development revealed that the frl1 phenotype became apparent at the floral stage 10. These results
indicate that FRL1 gene is required to attain normal cell division and expansion in latter half of the petal development.
Now we are isolating the FRL1 gene using a map-based approach. FRL1 gene is mapped in the 105 kb region at the
middle of the upper arm of chromosome 1. Complementation analysis is in progress.
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GIBBERELIN AS A COMPONENT OF HOMEOBOX PATHWAYS IN ARABIDOPSIS

Angela Hay1, Sarah Hake1 & Miltos Tsiantis2
University of California, Berkeley, 2Oxford University
The formation of the shoot body of higher plants relies on the continuous organogenic and self-renewal activities of
the shoot apical meristem. The exact nature of the developmental pathways governing shoot development is still poorly
understood. Current evidence suggests that the precise mode of expression of knotted1-like homeobox (KNOX) proteins
play a central role both in meristem function and in acquisition of leaf identity. We are interested in whether plant growth
regulators act in or in conjunction with the KNOX pathway to regulate shoot development. Previous work by other
researchers has shown that ectopic KNOX expression results in drastically lower gibberellin (GA) levels in rice and
tobacco. Using a transgenic Arabidopsis line harboring a dexamethasone inducible KN1 construct, we have established
that GA strongly suppresses the lobed leaf phenotypes resulting from inappropriate KNOX expression. Here we present
genetic evidence that repression of gibberellin biosynthesis not only mediates effects of KNOX misexpression in leaves
but is also likely to be a critical factor for meristem function in Arabidopsis.
1
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SCARECROW function in the quiescent centre

Renze Heidstra, Sabrina Sabatini, Ben Scheres
Utrecht University, The Netherlands
The maintenance of a functional meristem requires coordination between the loss of stem cells through differentiation
and the replacement of these cells through division. Laser ablation studies have shown that in roots, stem cell maintenance
by the quiescent centre (QC) may be one of the ways to ensure continuous meristem activity.
SCARECROW (SCR) is one of the earliest genes expressed in the QC, its expression being first detectable during
embryogenesis in the hypophyseal cell. In the seedling root, SCR is expressed in endodermis, cortex-endodermis stem
cells and in the QC1. SCR and its homolog SHR encode putative transcription factors, both essential for the asymmetric
division of the cortex-endodermis stem cell to produce cortex and endodermis2. However, the role of SCR in the QC
remains to be resolved.
One aspect of the scr mutant phenotype is cessation of main root growth within 10 days post germination, which is
correlated with meristem differentiation and loss of stem cells. We observed that several independent QC expressed
markers are absent in scr mutants, indicating that QC identity requires SCR gene activity. We questioned whether
restoring SCR activity in the morphologically identified QC of scr mutant plants would also restore continued meristem
activity. However, first cell autonomy of SCR action was determined using a CRE/lox based clonal analysis whereby
gene activation is visualized by GFP expression. Ectopic SCR expression in the scr mutant background induced periclinal
divisions in cells of the mutant single ground tissue layer only in those cells where gene activity was induced. Interestingly,
periclinal divisions were observed at random positions in the mutant ground tissue layer indicating that all meristematic
ground tissue cells are competent to divide upon SCR activity. Subsequent restoration of SCR expression using different
promoters marking the mophological QC enabled continued meristem activity and maintenance of root growth in a scr
mutant background. In addition, QC marker expression was restored.
These results suggest that SCR contributes to QC identity in a cell autonomous fashion, and that expression in the
QC is sufficient for non-autonomous maintenance of stem cell and meristematic activity.
1. Wysocka-Diller et al. 2000, Development 127:595-603, 2. Helariutta et al. 2000, Cell 101:555-67.
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Cell cycle regulation during early lateral root initiation

Kristiina Himanen, Ive de Smet, Robim Martines Rodriques, Dirk Inzé and Tom Beeckman
University of Gent, Belgium
Lateral root development is considered to consist of three major steps, pericycle activation, meristem establishment
and root outgrowth. In Arabidopsis thaliana the pericycle cells are arrested in the G2/M phase of the cell cycle at the
moment of the lateral root initiation. The first formative divisions are characteristically asymmetrical and anticlinally
oriented. The resulting founder cells divide periclinally to form the two-cell-layer stage (Casimiro et al., 2001. Pl. Cell
13;843-852). To efficiently study the molecular and cytological events during the early stages of the pericycle activation,
we developed a lateral root inducible system. A treatment with an auxin transport inhibitor (N-1-naphtylphtalamic acid)
followed by exogenous application of auxin (NAA) were used to prevent the lateral root initiation and to activate the
whole pericycle, respectively. The pericycle activation was followed in a time course every two hours from 4 to 12 hours
after transfer from NPA containing media to NAA. During this time course, developmental similarities with the natural
situation were observed in the pericycle cell layer. By using RT-PCR technique an early down regulation in transcript
levels of KRP-1,-2 and -4 genes (former Cyclin dependent Kinase Inhibitors) were detected at 4 hours. This was followed
by induction of B-type cyclins, CYCB1;1 and CYCB2;1 at 6 hours. In histochemical GUS-assays with CYCA2;1 and
CYCB1;1 promoter-fusion lines the first asymmetric cell divisions were detected at 8 hours and at 10 hours the whole
pericycle consisted of small, radially expanded cells that continued dividing periclinally leading to the two-cell-layer
stage at 12 hours. We have thereby shown that this enhanced system can be utilized in analyzing the cell cycle progression
during the course of lateral root induction by histological and molecular techniques. Currently cDNA-AFLP is used to
identify genes the expression of which correlates with the very early events in lateral root formation. Characteristic
classes of the transcripts, such as NPA negative/NAA positive and early and late induced genes will be further analyzed.
Arabidopsis thalianaKRPCYCB1;1CYCB2;1CYCA2;1 CYCB1;1 Casimiro et al., 2001. Pl. Cell 13;843-852
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Identification and Expression of the VASCULAR PREPATTERN Gene of Arabidopsis

David R. Holding and Patricia S. Springer
Department of Botany and Plant Sciences, University of California, Riverside
We are using gene trap technology to identify new genes involved in leaf morphogenesis. Vascular patterning is a
fundamental aspect of this process of which the early stages of control are poorly understood. We report here the
identification and expression of VASCULAR PREPATTERN (VPP), a novel gene marking the early stages of vascular
development. In the enhancer trap line, the Ds insertion lies 250 bp upstream of the VPP transcription start site and does
not affect its transcription. GUS activity is detected in provascular cells from the earliest stages of primary midvein
formation in leaf primordia and subsequently coincides with the early specification of the higher order veins. GUS
activity is evident prior to the morphological changes associated with vascular cell differentiation and is not observed in
mature veins. The root quiescent center cells are marked by GUS activity at all stages of root development, suggesting
a possible role for VPP in maintaining a stable root apical meristem structure. In situ hybridization was used to confirm
the VPP expression pattern in developing leaves and to examine VPP expression during embryogenesis. Expression is
first detected throughout the 8-cell stage embryo, and is subsequently excluded from the protoderm from the 16-cell
stage onwards. In later stage embryos VPP expression is associated with the early root quiescent center and forming
cotyledon and root vasculature. While auxin is known to play an important role in patterning of both the root meristem
and vasculature, VPP expression is not regulated by auxin. VPP likely acts prior to the action of auxin and may play a
role in establishing quiescent center and provascular cell identity. Functional characterization of VPP is now underway.

458

The Regulation of AGAMOUS

Ray Hong1,2, Max Busch2, and Detlef Weigel1,2
1
Division of Biology, UC San Diego; 2The Salk Institute for Biological Studies
The transcriptional regulation of AGAMOUS (AG), a floral homeotic gene responsible for the development of stamens
and carpels, is coordinated by enhancers located in the 3 kb intron. One of the enhancers contains two binding sites for
the AG activator LEAFY (LFY) (Busch et al., Science 285:585; 1999) as well as several other putative transcription
factor binding sites. We have begun an extensive analysis of these sequences using phylogenetic footprinting, reporter
gene studies and rescue experiments. Among the putative binding sites for other transcription factors is a MADSdomain consensus binding site (CArG) that is highly conserved among 27 putative Brassicaceae AG orthologs.
Furthermore, two consensus binding sites for HAP heterotrimeric complexes (CCAAT-boxes) are also well conserved,
even among more distantly related species such as snapdragon and tomato. Mutations in the CArG box resulted in
ectopic AG::GUS expression in the shoot apical meristem (SAM), suggesting that this site mediates repression of AG in
the shoot. The MADS domain protein FRUITFULL is likely to act via the CArG box since this AG enhancer element is
ectopically activated in FUL:VP16 plants (collaboration with S. Sato, C. Ferrandiz & M. Yanofsky, UCSD). Deletions in
the CCAAT-boxes led to a decrease in late AG::GUS expression in stage 9 carpels; these sites are therefore likely to be
important in maintaining later levels of AG expression. Finally, we have determined to what degree the 3’ enhancer
containing these sites contributes to normal AG function by linking wild-type enhancers to a minimum promoter and AG
cDNA and introducing them into ag-2 null mutants. We found that the 3’ enhancer, which is transiently active in the
center of young flowers, could partially restore carpel features, such as style and stigmatic papillae, but not floral
determinacy or stamen identity.
This work has been supported by NIH Training Grant GM07240-24 (R.H.), and by a grant from DOE (D.W.).

459

Cloning of an Arabidopsis Patatin-Like Gene, STURDY, by Activation T-DNA Tagging

Shihshieh Huang 1, R. Eric Cerny 2, Deepti Bhat 3, and Sherri M. Brown4,
Monsanto Company 1, at Connecticut 06355 (S.H.) 2,3,4, at St.Louis, MO 63198.
Cloning of an Arabidopsis Patatin-Like Gene, STURDY, by Activation T-DNA Tagging Shihshieh Huang 1, R. Eric
Cerny 2, Deepti Bhat 3, and Sherri M. Brown4 ABSTRACT Activation T-DNA tagging can generate dominant gain-offunction mutants by overexpression of a particular endogenous gene. We identified an activation tagged mutant, sturdy,
exhibiting a stiff inflorescence stem, thicker leaves, shorter siliques, larger seeds, round shaped flowers and delayed
growth. Most importantly, unlike its wild type counterpart, this mutant is less prone to lodging. Cloning of STURDY
revealed that in sturdy, there is an open reading frame containing a single intron encoding a patatin-like homolog. The TDNA is inserted into the 3’ region of the second exon. The mutant phenotype was shown to be the result of overexpression
of STURDY by mRNA analysis and transgenic studies. Preliminary histological studies have revealed an increase in cell
number in the inflorescence stem of mutant plants, however, additional studies are needed to better understand the
overexpression phenotype.
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The Arabidopsis REF8 gene encodes the 3-hydroxylase of phenylpropanoid
metabolism.

John M. Humphreys1, Rochus Franke1, Max O. Ruegger2, Jeff W. Denault1, Matthew R. Hemm1, Joanne C. Cusumano1
and Clint Chapple1
1
Department of Biochemistry, Purdue University, West Lafayette, IN 47907-1153 2Dow AgroSciences LLC,
9330 Zionsville Road, Indianapolis, IN 46268
The activity of p-coumarate 3-hydroxylase (C3H) is essential for the biosynthesis of lignin in plants, and yet no
conditions suitable for the unambiguous assay of the enzyme are known. As a result, all attempts to purify the protein
and clone its corresponding gene have failed. By screening for plants that fail to accumulate soluble fluorescent
phenylpropanoid secondary metabolites, we have identified a number of Arabidopsis mutants that display a reduced
epidermal fluorescence (ref) phenotype. Using radiotracer feeding experiments, we have determined that the ref8 mutant
is unable to convert p-coumarate to caffeate, suggesting that the mutant is defective in a gene required for the activity or
expression of C3H. We have isolated the REF8 gene using positional cloning methods and although many previous
reports in the literature have suggested that C3H is a phenolase, we have found that the enzyme is actually a cytochrome
P450-dependent mooxygenase. We have expressed C3H in a yeast host that concurrently overexpresses the gene for one
of the two Arabidopsis P450 reductases. When yeast cells overexpressing the REF8 gene are grown in media supplemented
with p-coumarate, the in vivo bioconversion to caffeate can be readily detected by HPLC analysis of the yeast medium.
Carbon monoxide difference spectra of microsomes from yeast expressing the C3H gene show a typical P450 spectral
signature, which is absent in microsomes from yeast transformed with the control vector. In vitro enzymatic analysis of
both wild-type and mutant C3H proteins is being conducted to characterize the fundamental properties of C3H. Preliminary
kinetic data indicates that the Kmapp for p-coumarate may be higher than expected, suggesting that it may not be the
optimal substrate for C3H, and that additional work may be needed to elucidate the role of this key enzyme in the
phenylpropanoid pathway.
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Putative THP gene identifies a novel gene family in Arabidopsis thaliana

Jolanta S. Jacobs, Judith L. Roe
Kansas State University
Mutagenized populations of Arabidopsis thaliana were screened for petal morphology mutants and a T-DNA
insertional mutation was identified that produces abnormal flower organs. The petals in the thin petal mutants are
narrow and curl inwards as the plant matures, in contrast to the wild type. The petal margins are uneven and jagged;
sepals appear to be narrower as well.The combination of the phenotypes of these two whorls exposes the gynoecium
precociously to outside pollen before thp pollen is released. As the plant matures, its growth habit becomes progressively
more reclining.
We have rescued the T-DNA left border and its flanking plant sequence and now have a full length cDNA corresponding
to the interrupted region. The putative THP gene maps to chromosome I and encodes a secreted protein of 541aa.
Northern analysis shows transcripts of 2.05kb expressed in seedlings and flowers. The gene is a member of a small gene
family of approximately 10 genes in Arabidopsis, coding for proteins with unknown function.
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The placement of the embryonic shoot-root axis is disrupted in the tilted axis
mutation

Pablo D. Jenik, Rebecca E. Joy, M. Kathryn Barton
Laboratory of Genetics, University of Wisconsin-Madison
The placement of the axes of symmetry (antero-posterior, dorso-ventral) is a defining event in the early embryogenesis
of multicellular organisms. It organizes the body plan and determines where tissues will be specified. In plants little is
known about this process. We have isolated a mutation in Arabidopsis thaliana, tilted axis (til), which causes an abnormal
placement of the shoot-root axis with respect to the embryo-suspensor axis. The embryonic phenotype is quite variable,
ranging from very abnormal patterns of cell divisions to almost normal-looking embryos. The mutation also shows a
maternal effect: homozygous mutant embryos in a heterozygous carpel environment are able to recover and complete
embryogenesis, while in a homozygous carpel environment a large fraction of them arrest development. A preliminary
analysis of the mutant defects will be presented.
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LIGAND-LIKE PROTEIN (LLP) is a large, previously unknown family of genes in
Arabidopsis

Ronny Joosen, Martijn Fiers, Klaas Bouwmeester, Hai-ying Zhang, Jan Cordewener, Dennis Ninaber, Lonneke van
der Geest and Chun-Ming Liu*
Business Unit of Plant Development and Reproduction, Plant Research International BV, P.O. Box 16, 6700 AA
Wageningen, The Netherlands.
LIGAND-LIKE PROTEIN1 (LLP1) is a gene identified in microspore-derived embryos of Brassica napus. It encodes
a small protein with 74 amino acids, including a predicted 23-AA signal peptide at its N-terminal. Sequence similarity
between the first identified plant ligand peptide CLV3 and LLP1 led to the discovery of the highly conserved C-terminal
LLP motif. The expression of LLP1 in transgenic Arabidopsis is restricted to a small set of cells undergoing differentiation
- at the edges of developing cotyledons, the periphery of the axillary buds and the maturation zone of the roots. Constitutive
expression of LLP1 in Arabidopsis resulted in short roots and inflorescences but an increased number of branches. LLP1
over-expression in roots does not affect root induction, but causes a dramatic consumption of the meristem. Based on
these results, we propose that LLP1 is a putative ligand protein that triggers the differentiation of cells in the peripheral
region of the meristem. The LLP1 orthologs (AtLLP1) in Arabidopsis shares 68% amino acid sequence similarity with
the LLP1 from Brassica. Based on the sequence features of LLP1, AtLLP1 and CLV3, we identified 17 additional ORFs
in the fully sequenced Arabidopsis genome (LLP2 - LLP18). All of them encode small proteins carrying an N-terminal
signal peptide and a C-terminal conserved LLP motif. Because of their small size, all of them have been ignored by the
current gene annotation analysis during genomic sequencing. Quantitative RT-PCR, Promoter::GUS fusion were used to
establish the Expression profile of these genes, CaMV 35S promoter over-expression and T-DNA knockout analyses
were carried out to study the function of these genes. The results obtained so far showed that most of these ORFs encode
functional genes that are involved in regulating meristem activity or plant architecture. More detailed information about
the functions of these genes will be presented during the conference.
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The BOBBER gene encodes a protein with homology to an Aspergillus nuclear
movement protein

Rebecca E. Joy and M. Kathryn Barton
University of Wisconsin, Madison
The bobber mutant of Arabidopsis was isolated during a screen for mutants that arrest during embryogenesis and
fail to establish a correct pattern of SHOOTMERISTEMLESS (STM) expression. In wild-type embryos, STM is expressed
exclusively in the developing shoot apical meristem, beginning at the transition from the globular to the heart stages of
embryogenesis. In bobber mutant embryos, STM is expressed both in the cells of the developing shoot apical meristem
and in cells of the presumptive cotyledons, which in wild-type embryos are free of STM expression. bobber mutants
arrest at the globular stage of embryogenesis. Several other genes with embryonic expression are not misexpressed in
bobber, indicating BOBBER is not required for general gene repression. The BOBBER gene has been positionally cloned
and has been found to encode a homolog of a gene required for nuclear movement in Aspergillus nidulans. Morphological
and expression data from both wild type and bobber mutant embryos will be presented.
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Cytochrome P450s that control polar elongation of leaf

Gyung-Tae Kim1, Shozo Fujioka2, Suguru Takatsuto3, Shigeo Yoshida2, Hirokazu Tsukaya1
1
Center for Integrative Bioscience, Okazaki National Res. Inst., 2Inst. of Physi. Chem. Res. (RIKEN), 3Dept. of
Chem., Joetsu Univ. of Edu.
The leaf is the key organ for a full understanding not only of plant morphogenesis but of its biodiversity. We showed
previously that two genes of Arabidopsis are responsible for the polarity-specific expansion of leaves (Tsukaya et al.,
1994; Tsuge et al., 1996). We succeeded in the molecular cloning of the ROT3 gene, which regulates polar elongation in
the leaf-length direction, showed that the ROT3 gene encodes a cytochrome P450, CYP90C1 (Kim et al., 1998). We also
succeeded to bio-design the leaf morphology of Arabidopsis from genetic manipulation of ROT3 (Kim et al., 1999).
Previous study suggested that the ROT3 gene might be involved in a novel-steroid biosynthesis. To elucidate the hypothesis
describe above, we firstly performed the expression study of ROT3 gene in several mutants that were defected in light
signal, gibberellic acid biosynthesis, brassinolide biosynthesis. Secondly, we analyzed the expression of ROT3 mRNA
by RT-PCR using ROT3pro::GUS transgenic plants that were treated or untreated with brassinolide intermediates (BLs).
Finally, we analyzed the endogenous level and exogenous application of brassinolide intermediates in wt- and rot3
mutant plants. The results of present study described above, suggest that CYP90C1 might be involved in a novelbranched pathway of brassinosteroid biosynthesis. In addition, we performed cloning of the ROT3 homologue. This
homologue shows approximately 51% homology to ROT3 with amino acid level. Phylogenetic tree indicates that the
ROT3 homologue might be the same subfamily of ROT3, and designated as CYP90D1. Transgenic plants of up-regulated
or down-regulated ROT3 homologue were constructed. In order to investigate the function of this gene on leaf development,
its molecular analysis is ongoing. We shall discuss about the molecular function of ROT3 and ROT3 homologue in leaf
expansion process.
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Promoter analysis of CPC for cell specific transcription in root epidermis

Yoshihiro Koshino 1, 2, Takuji Wada 2, Tatsuhiko Tachibana 1, Ryuji Tsugeki 1, Kiyotaka Okada 1, 2
Department of Botany, Graduate School of Science, Kyoto University, Kyoto 606-8502, Japan, 2 Plant Science
Center, RIKEN, Kyoto 606-8502, Japan
Root epidermal cells differentiate to two cell types; either hair cells or hairless cells in Arabidopsis. The caprice
(cpc) mutant has fewer root hairs than the wild type, and CPC encodes a Myb protein. The 35S::CPC transgenic plants
generate ectopic root hairs. These facts indicate that CPC is a positive regulator of the hair-cells’ differentiation.
Unexpectedly, however, CPC was preferentially transcribed in the hairless cells. In the cpc mutant, CPC was expressed
in all the epidermal cells while in 35S::CPC the expression level of CPC was decreased. The werewolf (wer) mutant has
ectopic root hairs and WER encodes a Myb protein. In the wer mutant, the transcription of CPC was reduced in epidermis.
These results indicate that the CPC expression is regulated negatively by CPC and positively by WER. To determine the
regulatory elements for epidermis-specific transcription of CPC , we analyzed the transgenic plants in which a series of
the truncated CPC promoters was combined to the GUS gene. By the examination of the GUS staining pattern of the
roots of these transgenic plants, 1095 bp, 525 bp and 336 bp promoters show the activity in epidermis, although 268 bp
and 238 bp promoters did not show the activity in epidermis. These results indicate that about 70 bp region between -268
to -336 is required for the epidermis-specific transcription of CPC. This region includes two putative Myb protein
binding sites with a interval of about 20 bp. This finding raises the possibility that the CPC and WER proteins may
directly regulate the transcription of the CPC gene.
1
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Role of BEL1 like Homeobox genes in Arabidopsis

Kumuda Kushalappa, Mark Pidkowich, Dietmute Godt, Ravi Kumar and George Haughn
Univeristy of British Columbia, Vancouver, Canada
BEL1 gene of Arabidopsis causes defective ovule development and is thus, believed to be an important regulator of
ovule morphogenesis. Interestingly, BEL1 is also expressed in several other tissues which are apparently unaffected by
a loss of BEL1 function. BEL1 belong to a family of twelve BEL1 Like Homeobox genes (BLH) in Arabidopsis. The
predicted protein product of BLH genes contain domains that are involved in DNA binding, protein-protein interaction,
nuclear localization which are shared between all members of the family. Expression analysis indicate that like BEL1 all
members of BLH family tested are also expressed in several plant tissues. In addition, yeast two hybrid assay and in vitro
analyses demonstrate that BLH proteins including BEL1 can selectively heterodimerize with specific KNAT proteins, a
few members of which are known to be key regulators in meristem development. Thus, there is considerable potential
for other BLH genes to be functioning with BEL1. Phylogenetic reconstruction implicates BLH2 as the gene most likely
to share functional redundancy with BEL1. Consistent with the hypothesis, BLH2 has overlapping expression profile
and interacts with the same KNAT partners in yeast two hybrid as that of BEL1. However, BLH2 also has its own tissue
specific domains of expression that over lap or juxtapose with its putative interacting partners and hence, could have its
own role to play in morphogenesis. Our recent genetic analysis in 35S-BLH2 lines show BLH2-KNAT interacting
partners could indeed have a greater role in plant development.BEL1BLHBLH2
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Investigation of Flower Development by Enhancer-Trap Mutagenesis

Alexzandria Lacey and Alison Huttly
IACR-Long Ashton Research Station
Wild-type Arabidopsis thaliana flowers have four sepals, four petals, six stamens and two carpels. Two lines, TTV1
and TTV2, whose flowers show altered floral morphology have been generated by enhancer-trap mutagenesis (Sundaresan,
V. et. al., 1995). The mutation causing TTV1 is recessive. The floral phenotype is highly variable; carpel and occasionally
stamen number is increased, carpel-stamen chimeras are observed in the fourth whorl, carpels show a varying degree of
fusion and tissue develops along their unfused edges as they age. This line shows GUS expression in the stigma, funicles,
replum and vasculature of the valves in the silique. TTV1 contains a transposon insertion, identified by TAIL PCR, into
an uncharacterised gene on chromosome 5. The predicted protein contains a ubiquitin-like N-terminal domain. TTV2
contains a trap insertion in the first exon of CLAVATA1 (Leyser, H.M and Furner, I.J, 1992; Clark, S.E. et. al., 1993). on
chromosome 1, and the TTV2 floral phenotype (caused by a recessive mutation) resembles that of a weak/intermediate
strength clavata1 allele. No GUS expression was observed in this line. Both mutations co-segregate with the observed
phenotype.
References Clark, S.E. et. al. 1993, Development 119: 397-418 Leyser, H.M. and Furner, I.J. 1992, Development 116: 397-403 Sundaresan, V.
et. al. 1995, Genes and Development 9: 1797-1810
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Developmentally distinct MYB genes encode functionally equivalent proteins in
Arabidopsis

Myeong Min Lee, John Schiefelbein
Department of Biology, University of Michigan
The duplication and divergence of developmental control genes is thought to have driven morphological diversification
during the evolution of multicellular organisms.To examine the molecular basis of this process, we analyzed the functional
relationship between two paralogous R2R3-MYB transcription factor genes, WEREWOLF (WER) and GLABROUS1
(GL1), in Arabidopsis. The WER and GL1 genes, which are known to positively regulate GLABRA2 homeobox gene,
specify distinct cell types and exhibit non-overlapping expression patterns during Arabidopsis development. WER controls
root and hypocotyl epidermal cell development but does not control shoot trichome development. Its expression is
limited to a specific subset of developing epidermal cells in the root and hypocotyl. On the other hand, GL1 does not
control root and hypocotyl epidermal cell development but controls trichome formation. Also, GL1 is expressed in the
epidermal cells in developing shoot tissue. Nevertheless, a series of gene fusions, GL1 expressed under the control of the
WER regulatory region or WER expressed under the control of the GL1 regulatory region, were able to complement the
wer or gl1 mutant phenotype, respectively. These results show that WER and GL1 encode functionally equivalent proteins,
and their unique roles in plant development are entirely due to differences in cis-regulatory sequences. Similar experiments
with a distantly related MYB gene (MYB2) showed that its product can not functionally substitute for WER or GL1
when it is expressed under the control of WER regulatory region or under the control of GL1 regulatory region. Furthermore,
analysis of the WER and GL1 proteins shows that sequences correspond to specific functional domains. These results
provide new insights into the evolution of the MYB gene family in Arabidopsis, and, more generally, they demonstrate
that novel developmental gene function may arise solely by the modification of cis-regulatory sequences.
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Role of WUSCHEL in specifying stem cell identity in the Arabidopsis shoot apical
meristem.

Michael Lenhard, Thomas Laux
ZMBP - Entwicklungsgenetik, Universität Tübingen, Germany; email: lenhard@biologie.uni-freiburg.de
Higher plants form virtually all of their aerial organs postembryonically and therefore require a continuous supply
of cells. This is provided for by stem cells (SC) located at the tip of the shoot apical meristem (SAM). Stem cell identity
is specified by the putative homeodomain transcription factor WUSCHEL (WUS). WUS mRNA is expressed in a central
cell group underneath the SC, termed the organizing centre (OC). Thus, WUS acts non-cell-autonomously.
By which mechanism does WUS expressed in the OC specify the overlying neighbours as SC? Is WUS protein
transported there or does it act via intermediate genes that it activates in the OC? To address this question, we localized
WUS protein by expressing a translational fusion of WUS to β-Glucuronidase (GUS) under the endogenous WUS
promotor and staining for GUS activity. The fusion protein was functional as shown by complementation of the wus
mutant phenotype. Our results indicate that WUS protein is not transported into the SC, but remains in the cells of the
OC. This suggests that its non-cell-autonomous action is mediated by products of downstream target genes activated in
OC cells.
To identify possible target genes, we isolated several transcripts that were upregulated after induction of WUS
activity. The expression patterns of the corresponding genes were analyzed by in situ hybridization and are consistent
with their being WUS targets: Expression was found in or adjacent to the cells of the OC, and the expression domains
were increased in plants with an enlarged domain of WUS expression. None of the isolated genes shows homology to
proteins of known function. Their role in specifying SC identity is currently being analyzed by ectopic expression and a
screen for insertion mutants.
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Characterization of the gibberellin signal transduction pathway that represses
expression of embryonic identity in the pkl mutant of Arabidopsis

Hui-Chun Li, King Chuang, Katie English, Michelle Fredette, Kerry Behnke, Jim Henderson and Joe Ogas
Department of Biochemistry, Purdue University
PKL encodes a CHD3-chromatin remodeling factor that is necessary for repression of embryonic identity in
Arabidopsis. Primary roots of pkl seedlings that express embryonic differentiation characteristics are green and tuberous
and are referred to as “pickle roots”. Penetrance of the pickle root phenotype is dependent on gibberellin (GA). When pkl
seedlings are germinated on synthetic media, the penetrance of the pickle root phenotype ranges from 1% to 5%.
Germination in the presence of a chemical inhibitor of GA biosynthesis such as uniconazole dramatically increases
penetrance of the pickle root phenotype to greater than 80%. Based on these observations, we propose that GA acts to
inhibit expression of embryonic identity in pkl seedlings via an as yet uncharacterized GA signal transduction pathway
that is PKL-independent. Although abscisic acid (ABA) acts antagonistically to GA with respect to germination, we
have shown that expression of the pickle root phenotype is largely ABA-independent. Germination in the presence of
ABA does not substantially increase penetrance of the pickle root phenotype. In order to identify components of this GA
signal transduction pathway, we are screening for mutants that enhance the penetrance of the pickle root phenotype in
the presence of GA. We have generated ~3000 M3 lines from EMS-mutagenized pkl seeds. At present, we have screened
approximately 1600 of these M3 lines and identified ~20 possible enhancers. One enhancer exhibits 100% penetrance of
the pickle root phenotype in the presence of 10-6M GA3 whereas several other enhancers exhibit 50-80% penetrance of
the pickle root phenotype in the presence of 10-6M GA3. Characterization of these enhancers is in progress.
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Embryonic Control of Epidermal Cell Patterning in the Root and Hypocotyl of
Arabidopsis

Yan Lin and John Schiefelbein
Department of Biology University of Michigan
A fundamental feature of development in multicellular organisms is the specification and patterning of distinct cell
types. We study the position-dependent formation of cell types in the root and hypocotyl epidermis of Arabidopsis as a
simple model for understanding cell patterning in plants. During epidermis development in these organs, cells that lie in
the intercellular space between underlying cortical cells preferentially differentiate into specialized cell types (root hair
cells in the root and stomatal complexes in the hypocotyl), whereas cells lying over a single cortical cell develop as
unspecialized epidermal cells (non-hair cells in the root and non-stomatal cells in the hypocotyl). To understand the
developmental origin of this process, we have examined the embryonic control of epidermal cell patterning in the
Arabidopsis seedling. We have employed the GLABRA2 (GL2) gene, a known cell-type-specific transcription factor, to
accurately assess the origin and the regulation of the epidermal cell specification mechanism. The GL2 expression
pattern has been determined throughout embryogenesis using in situ RNA hybridization and by employing a sensitive
GL2::GFP reporter construct. Furthermore, we examined the embryonic effect of mutations in known regulators of the
seedling epidermal patterning, including the TRANSPARENT TESTA GLABRA (TTG), WEREWOLF (WER), and CAPRICE
(CPC) genes. We also analyzed the origin and patterning of the epidermal cells at the junction between the root and
hypocotyl. Our results suggest that the positional information that establishes the epidermal pattern originates at an early
stage of embryogenesis. Additional information about our lab’s research is available at our website - http://
biology.lsa.umich.edu/research/labs/schiefel/
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Delayed Floral Organ Abscission Mutant dab4 Displays Pleiotropic Phenotype

Josh Lindsey1,2 , Camila Rey1 , Davina Rhodes1 , Shinhan Shiu1,2 , Tony Bleecker2 , and Sara Patterson1
Department of Horticulture 1 and Department of Botany and Laboratory of Genetics 2 University of Wisconsin,
Madison 53706 USA
To gain an understanding in the process of abscission in Arabidopsis, we screened the Wisconsin T-DNA insertion
lines for delayed abscission of floral organs. Plants that maintained their petals beyond position ten on the inflorescence
were selected. dab4 (delayed abscission 4) was selected for a delay in abscission beyond position 20. Wild type plants
usually discard floral organs by position 7. dab 4 also displays phenotypes other than delayed petal abscission, showing
reduced number of primary inflorescence stems, severely delayed inflorescence meristem arrest, and male sterility due
to the lack of pollen sac dehiscence. As a result, dab4 inflorescences grow up to four feet high and produce more than
200 flowers. In addition, dab4 mutants have dark green leathery leaves. To determine the molecular nature of dab4 , we
examined the number of insertions with southern blot and isolated the T-DNA junctions using tail PCR with degenerate
primers AD-1 and AD-2 in combination with T-DNA borders. Both approaches indicate that two unlinked T-DNA
insertions are present in dab4 . We will present the anatomical, physiological, and preliminary molecular characterization
of dab4 .
This work was funded by USDA grants 9835301-6764, 0035301-9085, and WIS04409 Corresponding author: spatters@facstaff.wisc.edu
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The hydra mutants of Arabidopsis demonstrate an essential role for bulk membrane
sterols in determining hormone signalling integrity and cell fate control

Keith Lindsey, Martin Souter, Jen Topping, Margaret Pullen
University of Durham, UK
The hydra1 and hydra2 mutants of Arabidopsis are embryonic-defective, and have almost identical pleiotropic
seedling phenotypes. They are characterized by multiple patterning and cell identity defects, including supernumerary
cotyledons of mixed phase, disorganized and multiple shoot meristems, widened hypocotyls with loss of radial patterning
and disrupted vascular development, ectopic root hairs, and reduced primary root growth and lateral root formation.
hydra2 is defective in the maintenance of columella cell fate. We have cloned the HYDRA1 gene, which encodes a
delta8-delta7 sterol isomerase enzyme. We have also found that HYDRA2 is allelic to FACKEL, a gene coding for sterol
C-14 reductase, the enzyme immediately preceding the delta8-delta7 sterol isomerase in the sterol biosynthetic pathway.
Analysis of sterol content in the mutants confirms a role for these genes in bulk sterol production. We present evidence
that hydra mutants exhibit defects in both auxin and ethylene signalling, and we propose that sterols play an essential
role in determining signalling integrity, perhaps by maintaining membrane fluidity, permeability or sterol/lipid-protein
interactions in signalling, including brassinosteroid detection (these mutants contain very low levels of brassinosteroids
but cannot be rescued by exogenous brassinosteroid application). This represents the first direct evidence for a role for
plant sterols in maintaining the integrity of auxin and ethylene signalling pathways required for correct cell patterning
and identity.
Refs.Topping JF, May VJ, Muskett PR and Lindsey K (1997) Mutations in the HYDRA1 gene of Arabidopsis perturb cell shape and disrupt
embryonic and seedling morphogenesis. Development 124: 4415-4424. Schrick K, Mayer U, Horrichs A, et al. (2000) FACKEL is a sterol C14 reductase required for organized cell division and expansion in Arabidopsis embryogenesis. Genes Dev. 14: 1471-1484.Jang JC, Fujioka
S, Tasaka M, et al. (2000) A critical role of sterols in embryonic patterning and meristem programming revealed by the fackel mutants of
Arabidopsis thaliana. Genes Dev. 14: 1485-1497.
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The MONOPOLE gene encodes a GATA-factor involved in the regulation of cell fates
at the basal pole of the early embryo

Wolfagng Lukowitz & Chris Somerville
Carnegie Institution of Washington
In Arabidopsis, formation of the root meristem is initiated at the basal pole of the 16-cell embryo. The embryonic
root is formed through an almost invariant sequence of cell divisions involving the uppermost suspensor cell as well as
the adjacent cells of the embryo proper. From a large-scale mutant screen for embryos with altered morphology we have
recovered four recessive allelic mutations, designated MONOPOLE, which interfere with this process. The basal cells
of MONOPOLE mutant embryos divide aberrantly producing fewer and irregularly arranged daughter cells. As a
consequence, no root primordium is recognizable by anatomical criteria. However, MONOPOLE mutants are capable of
forming a functional root later in embryogenesis. A molecular marker for the quiescent center of the root is expressed in
the central cells of the embryo suggesting that the embryonic root is initiated ectopically. We have cloned the MONOPOLE
gene in a map-based approach and found that it encodes a protein with high similarities to transcriptional regulators of
the GATA family. We are presently determining the expression pattern of MONOPOLE RNA in the early embryo.
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The role of PINHEAD in embryonic patterning and phyllotaxy

Karyn Lynn and M. Kathryn Barton
Program in Cellular and Molecular Biology and Laboratory of Genetics, University of Wisconsin-Madison
In pinhead mutants, the indeterminate shoot axis of the embryo, which includes the shoot apical meristem, is
transformed to a determinate state. This phenotype is incompletely penetrant, perhaps due to the activity of the related
and partially redundant gene ARGONAUTE. Double mutations in PINHEAD and ARGONAUTE cause synergistic effects
on development, leading to embryonic arrest prior to attainment of bilateral symmetry. We present evidence that the
SHOOT MERISTEMLESS transcript is not translated in argonaute pinhead double mutants. These data suggest that
PINHEAD and ARGONAUTE excersize post-transcriptional control over SHOOT MERISTEMLESS. In addition, we
show that normal patterns of gene expression are disrupted in the argonaute pinhead double mutant, indicating that
embryonic patterning is perturbed. This phenotype clarifies a role for PINHEAD in providing positional information in
the radial dimension to the developing plant. Consistent with this hypothesis, we show that those pinhead single mutants
that initiate “normal” meristems suffer from disorganized phyllotaxy (the radial positioning of leaves). PINHEAD
expression is the earliest reported marker of leaf initiation. Here we demonstrate that PINHEAD transcript accumulation
predicts the positions of at least four incipient leaf primordia that are morphologically indistinguishable. These data
together indicate that PINHEAD contributes to the radial positioning of leaves.
K. Lynn et al., Development 126, 469-81 (1999).J. R. McConnell, M. K. Barton, Developmental Genetics 16, 358-366 (1995).B. Moussian, H.
Schoof, A. Haecker, G. Jurgens, T. Laux, Embo J 17, 1799-809 (1998).
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The role of ASYMMETRIC LEAVES1 and 2 in Arabidopsis leaf development

Chiyoko Machida 1,2, Endang Semiarti2,3, Yoshihisa Ueno2, Hidekazu Iwakawa2, Hirokazu Tsukaya4, and Yasunori
Machida2
1
Sch. of Biosci. & Biotec., Chubu Univ., 2Div. of Biol. Sci., Grad. Sch. of Sci., Nagoya Univ., 3Gadjah Mada
Univ.,Indonesia, 4, NIBB, PRESTO, JST
The leaves develop from the shoot apical meristem and generally exhibit bilaterally symmetrical and flattened
architecture. A leaf of wild type Arabidopsis shows bilateral symmetry in two respects; the position of the serrated
margins and venation patterns of leaf blades are symmetry. As the midvein exists at the center of leaf blade along the
longitudinal axis, it may play an important role in the formation of symmetrical leaves. The asymmetric leaves1 (as1)
and asymmetric leaves2 (as2) mutants in Arabidopsis thaliana produced asymmetrical leaf lobes. The as1 and as2
leaves failed to produce a thick and distinct midvein. The secondary veins were formed at the left-right asymmetrical
pattern in the leaf blade and did not join but exist parallel to the primary vein in a petiole. The as mutations caused the
accumulation of transcripts of meristem-related homeobox genes KNAT1, KNAT2 and KNAT6 in leaves. We also observed
the significantly higher efficiency of shooting on rosette-leaf sections of as mutants in vitro. We isolated the AS2 gene
that showed to encode a protein that belonged to a new family with a leucine-zipper motif. AS1 has been shown to
encode a domain which is similar to the myb repeat. We showed that genetic and molecular interaction between AS1 and
AS2. These observations indicate that AS1 and AS2 repress meristem-related homeobox genes in the leaf cells, and are
involved in establishment of a prominent midvein and venation and regulate formation of symmetrical leaf lamina.
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CRE1/WOL cytokinin receptor regulates vascular morphogenesis of the Arabidopsis
root

Ari Pekka Mähönen1, Martin Bonke1, Leila Kauppinen1, Marjukka Riikonen1, Kirsi Törmäkangas1, Philip N. Benfey2,
Ykä Helariutta1
1
Institute of Biotechnology, POB 56, FIN-00014 University of Helsinki, Finland, 2New York University, 1009
Main, 100 Washington Sq E, New York, NY 10003
The developmental ontogeny of the vascular system (consisting of xylem, phloem and [pro]cambium) is poorly
understood despite its central role in plant physiology. We are studying the genetic control of vascular patterning during
root development in Arabidopsis. We have recently determined the cell lineage relationships of the vascular tissue in the
root meristem: xylem cell lineages are specified close to the underlying quiescent center, whereas phloem and procambium
are established through a set of asymmetric cell divisions further up. Consequently, we have been searching and
characterizing for mutations that affect this pattern. The primary effect of the wooden leg (wol) mutation is the lack of
the formative cell divisions required for the organization of the vascular tissue (Scheres et al. Development 121: 53). We
have determined that the WOL gene codes for a putative signal transducer with a histidine kinase activity (Mähönen et
al. Genes Dev 14: 2938). It is expressed specifically in the vascular tissue from the early stages of embryogenesis on.
Recently, Inoue et al. (Nature 409:1060) showed that CRE1/WOL is a true cytokinin receptor. Taken together, this
indicates that cytokinins regulate the procambial cell divisions of the Arabidopsis root through a specific signal transduction
pathway. Recent progress in the further characterization of this pathway using molecular and genetic approaches will be
presented.
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PRESSED FLOWERpromotes the proliferation in L1 cells of the lateral region of a
flower and floral organs

Noritaka Matsumoto, Kiyotaka Okada
Department of Botany, Graduate School of Science, Kyoto University
Structure of a flower predicts the presence of two crossed axes, the abaxial-adaxial axis and the lateral axis in
relation to the inflorescence meristem. Floral organs could have the same two axes in relation to the floral meristem. In
the Arabidopsis mutant, pressed flower(prs), growth of the lateral sepals is repressed. Both size and shape of abaxial and
adaxial sepals are normal, but the marginal cell files are missing. PRSencodes a putative transcriptional factor with a
WUSCHEL-like homeodomain. In situhybridization showed PRSto be expressed in L1 cells of the lateral regions of
both flower primordia and floral organs, indicating this expression pattern cleared the presence of lateral axis. These
patterns are mostly consistent with the genetic defects of prs, suggesting that PRSis involved in the cell proliferation at
the lateral regions of flower primordia and floral organs.
To investigate the function of PRS as a regulator of cell proliferation, we analyzed the effects of a gain-of-function
mutation of PRS. In 35S:PRStransgenic plants, multicellular bulges with trichomes were observed on the stem.
Multicellular bulges without trichomes were also formed on the pedicel. We interpret these bulges are the result of
ectopic and over proliferation of the epidermal cells. On the sepals, white wrinkle structures were observed. Transverse
sections showed the structures to be outgrowths of epidermal cells. It is worth noting that the margin of wild-type sepals
is made of similar outgrowth of epidermal cells. These aberrant proliferation of epidermal cells in various organs observed
in the transgenic plants suggests that PRS functions to promote proliferation of L1 cells as a transcriptional factor.
Our previous studies and this report show that (1) PRS, promoting the cell proliferation, is expressed in L1 cells at
lateral region of a flower primordium, which will be recruited to the lateral sepals; the mutation in PRScause the defects
in the development of lateral sepals, and that (2) PRSis also expressed in the lateral margin of sepals and promote the cell
proliferation; in the mutant, the marginal cells of sepals are absent.
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Developmental functions of auxin: MONOPTEROS dependent regulation of
developmental genes

Jim Mattsson, Naden Krogan, Wenzi Ckurshumova, Simona Baima1), Giorgio Morelli1), Thomas Berleth
University of Toronto, Canada, http://www.botany.utoronto.ca/ResearchLabs/BerlethLab/index.html, 1)
Istituto Nazionale di Ricerca per gli Alimenti e la Nutrizione, Rome, Italy
The Arabidopsis MONOPTEROS (MP) gene has a central role in embryo axis and vascular strand formation (1).
MP encodes a transcription factor of the ‘Auxin Response Factor’ (ARF) family, which can regulate the expression of
auxin-induced genes by binding to conserved promoter elements (2, 3). Several lines of evidence have implicated auxin
in cell pattern formation (4). MP could therefore relay auxin signals in embryo axis formation and vascular differentiation,
but its target genes are unknown.We have adopted three strategies to identify genes downstream of MP. First, we have
assessed the expression profiles of a large number of genes in vascular differentiation and auxin transport. Among the
genes whose expression is correlated to MP gene activity, we found members of the HD-ZIP transcription factor family
and members of the PIN family of presumptive auxin efflux carriers. We will report details of the MP controlled expression
of AtHB8, an early vascular transcription factor (5). Second, we have identified a larger collection of potentially MP
dependent expression profiles on DNA microarrays. Downstream genes include members of the AUX/IAA, HD-ZIP and
GH3 families. Third, in order to identify immediate targets of the MP, we will determine transcript profiles in the
background of posttranslationally controlled MP gene activity.[1] Przemeck et al. (1996). Planta 200: 229-237. [2]
Hardtke and Berleth (1998). EMBO J 17: 1405-1411.[3] Ulmasov et al. (1997). Science 276: 1865-1868.[4] Berleth and
Mattsson (2000) Curr. Op. Pl. Biol. 3: 406-411.[5] Baima et al. (1995). Development 121: 4171-4182
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A dwarf Arabidopsis mutant isolated from activation-tagging lines shows
exaggerated epinastic leaves

Hideki Muto2, Naoto Yabe2, Kohji Hasunuma2, and Kotaro T. Yamamoto1
1
Hokkaido University, 2Yokohama City University
We isolated a semidominant dwarf mutant, #4094, from 10,000 activation-tagging lines of Arabidopsis. Heterozygous
#4094 plants were dwarf, produced only a small amount of seeds, and had very curly leaves as a result of strong epinasty.
These abnormalities appeared more severe in homozygous #4094 plants. Hypocotyls of the mutants in the dark grew
spirally or frizzily, although length of them was essentially the same as wild type. In contrast, when grown under white
light, they were significantly longer than those of wild type. Spiral or frizzy growth was also seen in various organs of
the mutant such as stems and fruits. In these organs cortex and epidermal cells showed abnormal shapes, and enlarged
more than those of wild type. It is known that ethylene induces long hypocotyls and epinastic leaves under white light.
But treatment with an ethylene precursor, ACC, of wild type plants under white light could not mimic the mutant
phenotypes, and AVG, an inhibitor of ethylene biosynthesis, had no effects on leaf epinasty and length of hypocotyls of
the mutant. In addition, etiolated seedlings of the mutant did not show triple responses. These suggest that the mutant
phenotypes including long hypocotyl under white light and leaf epinasty, are not caused by ethylene over-production.
Near the enhancer sequence in the T-DNA end, we found a gene encoding a Ser/Thr protein kinase which belongs to
NAK subfamily (Hardie, 1999). Northern analysis revealed that mRNA of this gene accumulated more than 100-fold in
#4094 plants compared to wild type. RT-PCR showed that this gene expressed in various organs in wild type, such as
root, stem, leaf, flower, and fruit, at very low level. These results suggest that the abnormalities of #4094 plants result
from activation tagging of this kinase gene. Protein kinases of NAK subfamily have conserved kinase domains flanked
by short non-kinase domains on both sides. In Arabidopsis, there are more than 40 members of this subfamily, but
almost nothing is known about their functions.
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Identifying downstream targets of the floral homeotic APETALA3 and PISTILLATA
genes

Naomi Nakayama, Moriyah Zik, and Vivian F. Irish
Department of Molecular, Cellular and Developmental Biology, Yale University, P.O.Box 208104, New Haven,
CT06520
Although the floral homeotic genes described in the ABC Model are well accepted as the master regulators in the
specification of different floral organ identities, how they actually lead to the development of the different organs (i.e.
their downstream pathways) remains unknown. Despite considerable effort, only a few genes regulated by the floral
homeotic genes have been identified to date. We are using multiple approaches in order to identify downstream targets
of the B-class genes, APETALA3 and PISTILLATA, which are required for petal and stamen organogenesis. Candidate
genes are being isolated by activation tagging, gene trapping, microarray analysis and chromatin immunoprecipitation.
Eight thousand activation tagged lines have been screened for abnormal floral morphology. Several putatively tagged
abnormal floral mutants have been recovered, and the genes responsible for these phenotypes are being isolated. Gene
trap lines containing the GUS reporter gene with a splice acceptor site1 are being screened for specific patterns of
expression in flowers. A summary of the patterns of expression conferred by the GUS insertions and the sequences of the
corresponding genes will be presented. We are also using microarray analysis to conduct a broader survey of genes
whose expression is affected by AP3 and PI activity. DNA microarrays representing approximately 9,000 Arabidopsis
ESTs are being screened with probes corresponding to mRNAs from different AP3/PI loss- or gain-of-function mutants.
Preliminary results suggest that a relatively small population of genes are regulated by AP3 and PI. In addition, we are
conducting a more specific screen for direct targets of AP3/PI by carrying out immunoprecipitation of chromatin fragments
that are bound to AP3/PI in vivo using AP3/PI-specific antibodies.
1

Sundaresan V. et al. (1995) Genes & Development 9:1797-1810.
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Arabidopsis Root Meristem Organization Depends on a Transcription Factor
Expressed in the Quiescent Center

Tal Nawy1, Jocelyn E. Malamy2, Sumena Thongrod1, Jee Jung1 and Philip N. Benfey1
1
New York University, 2University of Chicago
In Arabidopsis, the root apical meristem is comprised of stem cells for each root tissue type, which surround a core
of four mitotically quiescent cells (the quiescent center, or QC). To determine the role of the QC in maintaining meristem
pattern, we have isolated an enhancer trap that is expressed exclusively in these cells. Sequence analysis reveals that the
locus encodes a member of a well-known transcription factor family. Although two independent hypomorphic alleles do
not display defects in root growth, the QC and surrounding stem cells appear disorganized in a fraction of homozygous
individuals. The highly specific expression pattern has been confirmed by promoter-GFP fusion, and cannot be detected
in the root tip until 3-4 days post germination. Embryos and young lateral roots do not show expression, indicating that
the gene product must act in the maintenance, rather than initiation, of meristem organization.
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SHORT VALVE, a gene encoding a ribosomal protein L24 homolog is involved in the
gynoecium and flower bud development

Taisuke Nishimura1,2, Takuji Wada2 and Kiyotaka Okada1,2
1
Department of Botany, Graduate School of Science, Kyoto University, Kyoto 606-8502, Japan, 2Plant Science
Center, RIKEN, Kyoto 606-8502, Japan
The gynoecium of Arabidopsis is composed of four distinct parts, stigma, style, ovary and gynophore along the
apical-basal axis postulated in the gynoecium structure. We have isolated a novel gynoecium mutant, short valve-1 (stv1), in which the basal region of the ovary is replaced by the gynophore, resulting in the reduced size of the ovary. Similar
phenotypes are reported in pid-8, ett-2 and fil-1, suggesting that these genes involved in the differentiation of the ovary.
To understand the genetic interaction of them, these mutants were crossed each other to generate the double mutants.
Each double mutant displayed severer phenotypes than every parental line. Especially stv-1 pid-8, stv-1 ett-2, stv-1 fil1 and pid-8 fil-1 double mutants had pin1-like inflorescence without any flower buds, indicating that these genes also
worked together in the formation of a flower bud and that STV might be involved in the auxin transport or response.
We cloned the STV locus by T-DNA tagging and showed that stv-1 was caused by a 10-kb deletion on chr. III, which
contained five predicted genes. Complementation analysis with each predicted gene and screening for knock-out lines
demonstrated that STV encoded a homolog of the ribosomal protein L24. There are two possibilities to explain the role
of STV. One explanation is that decrease of protein synthesis activity affects the gynoecium development. The other
explanation is that this mutation affects gynoecium-specific development. We will also show the result of expression
analysis of STV.
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Function of scarecrow-like genes in root radial patterning

Alice J. Paquette, Philip N. Benfey
New York University
The Arabidopsis primary root has a highly stereotyped cellular structure, which is initially patterned during
embryogenesis. This structure consists of concentric cylinders of specific cell types that ensheath the vascular bundle.
From inside to outside, these single-cell layers are the pericycle, endodermis, cortex, epidermis, and, at the tip of the
root, the lateral root cap. These cell layers are specifically lineally related to each other: During embryogenesis the
pericycle and vascular tissue form from the procambium, the endodermis and cortex derive from the ground meristem,
and the epidermis and lateral root cap arise from the protoderm. While cell lineage in the primary root predicts cell fate,
cell-ablation studies have shown that positional information is critical for proper cell specification.
Two genes known to be important in the formation of root radial pattern during embryogenesis are SHORT-ROOT
and SCARECROW. In the short-root mutant, the endodermal cell layer is missing, and in the scarecrow mutant, the
endodermis and cortex are present in the form of a single, hybrid cell layer. Both the SHORT-ROOT and SCARECROW
genes belong to the GRAS family of putative transcription factors, which is unique to plants. We reasoned, therefore,
that additional members of this family may also play a role in radial pattern formation and/or cell fate specification in
the root. We will present an analysis of T-DNA insertion mutants and plants exhibiting RNA interference for various
GRAS family members. One of these genes may be important for transducing positional signals.
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A MYB Transcription factor Promotes Mucilage Secretion in the Seed Coat Epidermis

Steve Penfield1, Douglas A. Shoue2, Nicholas C. Carpita2, Michael W. Bevan1
John Innes Centre, Norwich UK. 2Purdue University, West Lafyette, Indiana.
The Arabidopsis seed coat epidermis differentiates into highly specialised cells that form raised columellae and fill
with mucilage. The development of these cells requires the coordinated regulation of cell shape, mucilage deposition,
secondary cell wall synthesis and primary cell wall degradation. We have charcterised the role of a MYB transcription
factor in seed coat development through the phenotypic analysis of three independent transposon insertion alleles. We
have determined that Arabidopsis seed mucilage consists primarily of a linear rhamnogalacturonan polymer, and that
the secretion of this is reduced in the MYB mutant seed coats. In addition to its role in mucilage deposition this gene is
also required for the breakdown of the primary cell wall. Comparison with the known seed coat mutants ttg-1 and gl21 suggests that the myb mutant testas are less severely affected and show a novel phenotype. Our analysis of the myb and
ttg-1 mutants have led to new insights into the functions of these genes during development and germination.

1
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The Arabidopsis subunit 3 of the COP9 signalosome is encoded by FUS 11 and
involved in multifaceted developmental processes

Zhaohua Peng, Giovanna Serino and Xing-Wang Deng
Dept. of MCDB, Yale University
The COP9 signalosome is a nuclear enriched multisubunit protein complex initially defined as a repressor of
photomorphogenic development in Arabidopsis . It is highly conserved among diverged organisms and shares remarkable
similarity with the lid subcomplex of the 26S proteasome in both subunit composition and one to one subunit sequence.
We have shown that it regulates the degradation of specific substrates probably by replacing the lid subcomplex of the
26S proteasome. The Arabidopsis subunit 3 of the COP9 signalosome (CSN3) is encoded by the FUS 11 gene. The fus11
locus contains a mutation at the 3' splicing junction of the 9th intron thus results in an alternative splicing and early
termination of the reading frame. Overexpression of the CSN3 cDNA complements the fus11 mutation. The CSN3
protein contains a PCI domain at C-terminals and a Leucine zip domain at the N-terminals and shares 42% and 31%
identities with its human and Drosophila counterpart respectively. Partial reduction-of-function strains of CSN3 obtained
by gene co-suppression causes accumulation of ubiquitinated proteins and developmental defects in pattern formation,
organ boundary defining, phyllotaxy, and organ identity control, suggesting a critical role of the COP9 signalosome
regulated protein degradation in plant development.
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The arrested development Mutants Alter Meristem Function and Cell Proliferation in
Leaf Margins

MaryAnn Regner, Hala Kuttab, Paula R. Martin, F. Bryan Pickett
Dept. of Biology, Loyola Univesity of Chicago
The arrested development (add) 1 and 3 mutants cause temperature dependent loss of normal shoot development.
Homozygotes for add1 lose normal meristem organization and function at high temperature, while add3 homozygotes
fail to complete a normal program of leaf formation. The add1 mutation was induced by T-DNA integration and the
genomic region surrounding the site of T-DNA insertion has been sequenced. A well-modeled gene has been identified
at this site and an expressed sequence tag recovered corresponding to the 3' end of this gene. The site of T-DNA insertion
has been mapped to a resolution of 100 base pairs and indicates that the T-DNA integration site falls in the last exon of
the gene model. The results of transformation rescue and expression experiments will be presented providing supporting
evidence that the identified gene model encodes ADD1 function. Extensive histological analysis of up-shifted meristems
and leaves will also be presented, confirming the role of ADD1 in maintenance of meristem structure and adding additional
support to the “meristem imposes adaxial” model for the specification of leaf dorsiventrality.
A high-resolution recombination breakpoint map has been generated to provide the precise location of the ADD3
locus on the extant physical and sequence map of the Arabidopsis genome. A bacterial artificial chromosome (BAC)
contig has been mapped to this region and a three BAC clone sub-contig spans the region between two markers known
to flank the ADD3 gene. Based on the derived recombination rate for this region, a candidate gene has been identified for
the ADD3 gene. Results of transformation rescue experiments and the sequence of wild type and mutant alleles of the
candidate gene will be presented that suggest that this candidate is the ADD3 gene. Extensive histological analysis of
add3 leaves indicates that up-shifted plants lose normal spongy mesophyll proliferation in the marginal region of leaves.
Identification of a 98% identical orthologue of the ADD3 candidate suggests that the add3 mutation is due to temperature
sensitive genetic redundancy, an outcome predicted by our theoretical work supporting the Duplication, Degeneration
and Complementation model of duplicate gene evolution.
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A Fate Map of the Two Apical Cell Stage Arabidopsis Embryo

Alexandria Saulsberry1, Paula R. Martin1, Tim O’Brien1, Leslie E. Siebruth2, F. Bryan Pickett1
1
Loyola University of Chicago, 2University of Utah
Alexandria Saulsberry1, Paula R. Martin 1, Tim O’Brien 2, Leslie E. Seibruth3, and F. Bryan Pickett1*1Dept. of Biology,
Loyola University of Chicago, 6525 N. Sheridan Rd. Chicago, IL 60626, USA2Dept. of Mathematics and Computer
Science, Loyola University of Chicago3Dept. of Biology, University of Utah, Salt Lake City, UT 84112, USA*Author for
Correspondence (fpicket@luc.edu)Lineage analysis of the pattern of cell division in the early Arabidopsis embryo may
provide insight into the likely contribution of mosaic and regulative developmental processes to plant embryogenesis. A
transgenic system placing the Cre recombinase under heat shock regulation and flanking a constitutive marker gene
(35S::GUS) with the Plox binding site for Cre has been used to construct GUS+ | GUS- genetic chimeras. Embryos with
two apical cells were heat-shocked and the resulting plants were scored for GUS- sector extent in the mature cotyledons
and leaves of the plant. The resulting fate map demonstrates that the daughters of the first two apical cells tend to
contribute primarily to one cotyledon or another and their physically associated true leaves. This result indicates that
patterns of early cell division limit the future developmental potential of these cells. However, GUS- clones are found
shared between all regions of the mature plant, suggesting that there is no strict lineage restriction imposed on the
daughters of the first apical cells. These results indicate that early apical cell divisions correlate with the establishment
of embryonic axes, although whether these divisions partition mosaic regulatory information, are a response to
extraembryonic cues, or result from a combination of both developmental processes remains an open question.
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Isolation and characterization of the major plastidial acyl-CoenzymeA synthetase
from Arabidopsis thaliana

Judy A. Schnurr, Jay Shockey, John Browse
Washington State University
Acyl-CoenzymeA synthetases (ACS, EC 6.2.1.3.) catalyze the formation of fatty acyl-CoAs from free fatty acid,
ATP, and CoenzymeA. The products of the reaction, fatty acyl-CoAs, are utilized in the synthesis of lipid molecules,
including membrane glycerolipids and triacylglycerols. ACSs are therefore integral to plant lipid metabolism. ACS
activity has been localized in membranes of various organelles, including oilbodies, peroxisomes, mitochondria,
microsomes, chloroplasts, and plastids. Plastids are the site of all de novo fatty acid synthesis. Before newly synthesized
fatty acids are exported from the plastid for subsequent incorporation into membrane lipids or triacylglycerol, they must
first undergo activation to fatty acyl-CoA esters by an ACS. We were interested in characterizing the plastidial ACS from
Arabidopsis because of the significant role it plays in de novo fatty acid synthesis. Our laboratory identified and cloned
a family of eleven ACSs. Here, we describe the identification and characterization of one ACS isoform, AtACS6B.
Isolation and analysis of a mutant containing a T-DNA interruption in AtACS6B has led to our conclusion that this
isoform encodes the major chloroplastic ACS.

491

Non-cell autonomous function of SHORT-ROOT in root radial pattern formation: 1.
Molecular basis for intercellular signaling

Giovanni Sena, Keiji Nakajima, Jee Jung and Philip N. Benfey
New York University
Positional information plays a pivotal role in the formation and maintenance of plant developmental patterning. The
root radial pattern is generated through stereotyped division of a set of initial cells in the meristem and subsequent
acquisition of cell fate. This process has been shown to be primarily dependent on positional information. While the
paradigm of position-dependent cell fate determination has been accepted for root pattern formation, little is known
about the signaling mechanism.
Analysis of radial pattern formation in the Arabidopsis root indicated a non-cell autonomous function of the SHORTROOT (SHR) gene. SHR encodes a putative transcription factor and is transcribed in the stele but is necessary for the
formation and specification of the endodermis layer.
Two different scenarios can in principle account for non-cell autonomous action of a transcription factor in plants:
the activation of downstream genes coding for secreted ligands, or a direct movement of the transcription factor itself
through plasmodesmata.
Two independent methods are here used to observe the endogenous localization of the SHR protein. Results will be
shown that reveal novel insights into the mechanisms responsible for the root radial positional information.
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grv2: A viable embryonic mutant characterized by the presence of enlarged and
highly vacuolated cells at the apex

Rebecca A. Silady 1,2, Wolfgang Lukowitz 1, Patrick Sieber 3, Chris Somerville 1,2
1
Carnegie Institution of Washington, Department of Plant Biology, 2Department of Biological Sciences,
Stanford University, 3University of Zurich
The grv2 mutant was identified in a screen in Arabidopsis for mutants with altered morphology at the globular stage
of embryogenesis. The grv2 mutant is characterized by enlarged cells in the apex of the embryo, first observed at the two
cell stage in cleared whole mount specimens. The enlarged cells appear to have a single nucleus with an abnormally
large vacuole. The embryo recovers by the late heart stage at which time the enlarged cells are no longer observed.
Despite this early embryonic phenotype, the grv2 mutant develops into a relatively normal adult plant except that it is
apparently agravitropic. We have complemented the mutant phenotype with a cosmid containing two candidate genes.
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The LOB gene family in Arabidopsis

Patricia Springer, Bin Shuai
University of California - Riverside
The LATERAL ORGAN BOUNDARIES (LOB) gene was identified as an enhancer trap insertion that showed GUS
reporter gene expression at the base of all lateral organs. LOB encodes a predicted 20kD peptide with no recognizable
functional motifs. LOB contains a highly conserved amino-terminal domain that is present in 36 other Arabidopsis
proteins and in proteins from a variety of other plant species. The LOB gene family appears to be plant specific, as
related genes have not been detected outside of plant databases. The expression of LOB at the junction between the shoot
apical meristem and lateral organ primordia suggests a potential role for LOB in establishing a boundary between the
SAM and initiating lateral organs. Loss of function LOB mutants have no detectable phenotype, suggesting that LOB is
functionally redundant. Ectopic expression of LOB leads to alterations in the size and shape of leaves and floral organs
and causes male and female sterility. LOB is mis-expressed in transgenic plants that ectopically express either STM or
KNAT1, suggesting that LOB acts downstream of KNOX gene signaling.
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ASYMMETRIC LEAVES1, an Arabidopsis gene that is involved in the control of cell
differentiation in leaves

Yue Sun, Qingwen Zhou, Wei Zhang, Yanlei Fu, Hai Huang
): Shanghai Institute of Plant Physiology, Chinese Academy of Sciences, 300 Fenglin Road, Shanghai 200032,
China
During leaf development, the formation of dorsal-ventral and proximal-distal axes is central to leaf morphogenesis.
To investigate the genetic basis of dorsoventrality and proximodistality in the leaf, we screened for mutants with defects
in leaf morphogenesis. Here we describe phenotypes of three newly isolated asymmetric leaves1 (as1) mutants, as1-101,
as1-102 and as1-103, which are in the Landsberg erecta (Ler) genetic background. In addition to the leaf phenotypes
described previously, these alleles display more phenotypes that were not observed previously. These include: 1) a
portion of rosette leaves with petiole growth underneath leaf lamina, displaying a lotus-leaf-like structure; 2) leaf vein
branching in the petiole; and 3) leaf lamina with epidermis similar to that on the petiole. AS1 gene has been identified
and the functional analysis revealed that this gene negatively regulates KNOX gene family during the establishment of
proximodistal axis in leaf development (Byrne et al. 2000). Our phenotypic analysis at the cellular level indicates that
AS1 may control the timing of cell differentiation in leaves. Loss of function in AS1 causes the cell differentiation being
prolonged as shown in lateral vein and minor vein development in cotyledons and rosette leaves. Furthermore, we have
analyzed AS1 over-expression in the wild-type Ler plants. The 35S::AS1 transgenic plants produced long and narrow
rosette leaves. In addition, rosette leaves and cauline leaves in the transgenic plants contain increased minor veins and
dramatically increased trichomes. These results provide further evidence that AS1 has functions in the control of cell
differentiation in leaves.
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The CUP-SHAPED COTYLEDON1 gene of Arabidopsis regulates shoot apical
meristem formation

Shinobu Takada, Ken-ichiro Hibara, Masao Tasaka
Graduate School of Biological Sciences, Nara Institute of Science and Technology
Shoot apical meristem (SAM) formation ad its function are essential for the development of higher plants. CUC1
and CUC2 are functionally redundant genes that are important for embryonic SAM formation and organ separation in
Arabidopsis. CUC genes are thought to promote embryonic SAM formation through transcriptional activation of the
SHOOT MERISTEMLESS (STM) gene, because STM mRNA was not detected in the cuc1 cuc2 double mutant. In this
study, we cloned the CUC1 gene by a map-based approach, and found that it encodes a CUC2-like NAC-domain protein
previously reported as AtNAC1 (Takada et al., 10th International conference on Arabidopsis research). CUC1 was
expressed in the presumptive SAM during embryogenesis and at the boundaries of floral organs. Surprisingly,
overexpression of CUC1 was sufficient to induce adventitious shoots on the adaxial surface of cotyledons. STM and
KNAT1 were ectopically expressed in the cotyledons proceeding the adventitious shoot formation. These results suggest
that CUC1 acts upstream of the STM gene and regulates SAM formation during Arabidopsis embryogenesis.

496

Spiral phyllotaxis is maintained by a DNA topoisomerase I gene in Arabidopsis

Taku Takahashi, Mitsutomo Abe, Shio Matsuhara, and Yoshibumi Komeda
Division of Biological Sciences, Hokkaido University
The genesis of phyllotaxis, which is often associated with the Fibonacci series of numbers, is an old unsolved puzzle
in plant morphogenesis. We report here the characterization of a T-DNA insertion mutant of Arabidopsis that exhibits
abnormal positioning of leaves and flowers instead of a regular spiral phyllotaxis. The mutant sporadically but with a
high frequency produces multiple flowers from one node like umbelliferous plants and bifurcated shoots. Although the
mutant flowers have a normal whorled structure of floral organs, the number of sepals and carpels is often increased and
that of petals and stamens decreased. In addition, inflorescences and individual flowers of the mutant are spirally twisted
and leaves show serrated morphology. The T-DNA insertion was found in a DNA topoisomerase I (TOP1) gene. The
phenotype was completely rescued by a minimal construct containing a 1-kb promoter and a full-length cDNA of the
wild-type gene. The functional significance of the TOP1 gene in organ positioning will be discussed.
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RBE encodes a SUP-like protein and regulates the petal development depending on
the abaxial-adaxial axis

Seiji Takeda, Noritaka Matsumoto, Kiyotaka Okada
Department of Botany, Graduate school of Science, Kyoto University, JAPAN
Flowers have three types of spatial regulation systems. One is a whorl where organ identity genes are expressed. The
others are abaxial-adaxial axis and lateral axis on which the organ primordia are aligned. Recent analyses of Arabidopsis
flower mutants revealed the axis-dependent formation and growth of floral organs. The rabbit ears (rbe) mutant has
defects in the petal development. The adaxial petals were deformed more frequently than the abaxial ones, suggesting
that the petal development is regulated differently at the abaxial and the abaxial sides, and that RBE is involved in the
process depending on the abaxial-adaxial axis. To investigate genetic interaction between RBE and other flower genes,
we analyzed a couple of double mutants. A mutant of a class B gene, ap3-5, has petals transformed to sepaloid organs.
The second whorl organs of rbe ap3-5 double mutant were sepaloid and some of them were transformed to the abnormal
shapes. This result suggests that function of RBE does not depend on the organ identity. However, in case of double
mutant with a class A mutant, ap1-17, which has narrow petals and leaf-like sepals, almost all petals at both the adaxial
and the abaxial sides were deformed. This result indicates close genetic interaction of RBE and AP1 in petal development.
We cloned RBE gene by map-based cloning methods. RBE encodes a SUPERMAN-like zinc finger protein, suggesting
that RBE functions as a transcriptional factor. RT-PCR revealed that RBE was strongly expressed in inflorescence
meristem and open flowers, but weakly expressed in siliques, seedlings and roots. We are now analyzing the RBE
expression patterns in inflorescence by in situ hybridization.
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A Screen for Factors that Regulate APETALA3 Expression

Queenie K.-G. Tan and Vivian F. Irish
Department of Molecular, Cellular and Developmental Biology, Yale University
The APETALA3 (AP3) gene is a floral organ identity gene that is necessary for petal and stamen development in
Arabidopsis. Work done in our lab has defined discrete regions of the AP3 promoter required for different aspects of AP3
expression. In particular, there is a 203 bp fragment that is required for both temporal and spatial regulation of AP3
expression. Using the yeast one-hybrid system, we have identified at least one factor, 137, that binds to this region. 137
is a putative homeodomain-containing protein, and high levels of expression are only seen in inflorescences. 137 is
expressed earlier than AP3, and the expression pattern of 137 and AP3 largely overlap in the later stages of the flower
(after stage 6). Progress in obtaining insertional mutations or transgenic loss-of-function lines of 137 will be presented.
In addition, database searches have revealed that 137 belongs to a novel family of plant homeobox genes. Some of these
family members are only expressed in inflorescence tissue. It is possible that some of these factors act in concert to
regulate AP3 expression.
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HALTED ROOT (HLR) gene encoding 26S proteasome subunit 4 maintains root apical
meristems.

Minako UEDA1, Keisuke MATSUI1, Takuji WADA2, Sumie ISHIGURO1 and Kiyotaka OKADA1,2
1
Department of Botany, Graduate School of Science, Kyoto University Kitashirakawa-Oiwake-cho, Sakyo-ku,
Kyoto 606-8502, Japan,2RIKEN, PSC., Kyoto 606-8502
Root apical meristem (RAM) of primary root is established during embryogenesis. After germination, RAM controls
root growth through balanced cell proliferation and differentiation. This RAM activity is maintained during continuous
root growth. Although RAM is essential for root growth, little is known about this maintenance machinery. An Arabidopsis
mutant halted root (hlr) shows aberrant post-embryonic root growth. Histological analysis revealed that normal cell
layers in RAM of hlr formed in embryogenesis are disturbed at 2 days after germination, resulting root growth inhibition
and root tip expansion. These data indicate that hlr undergoes normal embryogenesis, but fails to regulate cell division
and differentiation in post-embryonic RAM. It suggests that the HLR protein is essential for the RAM maintenance
machinery. Map-based cloning and complementation test revealed that HLR protein is a homologue of proteasome
subunit 4 isolated from yeast. Proteasome is a huge complex to degrade poly-ubiquitinated proteins, which is known to
work in various intracellular pathways such as cell cycle progression by cyclin degradation. Analysis using cyclin
B::GUS, suggests that cell division activity in RAM of hlr decreases immediately after germination and is fully lost at
about 20 days after germination. One of possible explanations for this result is; Reduction of proteasome function might
cause cyclin accumulation and cell cycle arrest in RAM of hlr. These results indicate that hlr fails to maintain cell
division activity in RAM after germination, suggesting that protein degradation pathway with proteasome containing
HLR protein is essential for RAM maintenance. In Arabidopsis, we found a highly homologous gene of HLR, which
shows 99% identity to HLR amino acid sequence. So we named this gene HLR-LIKE PROTEIN (HLP). To confirm
whether HLR and HLP gene have similar role or different function, we analyzed transcription of these genes. RNA gel
blot analysis revealed HLR and HLP mRNA accumulation in all tissues. Now we are analyzing detail gene expression of
both genes in RAM using reporter genes. Results of these experiments will be discussed.
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The Arabidopsis BREVIPEDICELLUS gene is an important regulator of pedicel and
internode development

Prakash Venglat1, Tim Dumonceaux1, Larry Parnell2, Kevin Rozwadowski1, Vivijan Babic1, Wilf Keller1, Robert
Martienssen2, Gopalan Selvaraj 1, Raju Datla1
1
Plant Biotechnology Institute, NRC, Saskatoon, Canada, 2Cold Spring Harbor Plant Biology Group, Cold
Spring Harbor, USA
The overall above-ground architecture of flowering plants is determined to a large extent by the activity of key
transcriptional regulators that control sets of genes involved in executing developmental programs. The
BREVIPEDICELLUS (bp) mutant of Arabidopsis thaliana features compact floral internodes along with reduced pedicels
with an altered attachment angle that results in downward-pointing siliques. This mutant has been used widely as a
classical chromosome 4 marker, but there has been no detailed developmental or molecular analysis of bp plants reported
to date. Analysis of the internodal regions of bp plants by scanning electron microscopy (SEM) revealed patchy regions
of undifferentiated epidermal cells in the floral stem; microscopy of cross sections taken through the peduncle confirmed
these observations and showed that the affected region extended into the 4-5 layers of subepidermal cortical cells. SEM
analysis of the shortened pedicels of bp plants revealed an asymmetric effect on cell differentiation and elongation, with
the abaxial side more strongly affected than the adaxial side. This asymmetry was further confirmed by anatomical
analysis of cross sections through the pedicel and longitudinal sections through the floral nodes. These results established
the developmental basis for the bp mutant phenotype. We cloned the BP gene and determined that it corresponds to the
homeobox-containing gene KNAT1 (Lincoln et al. Plant Cell 6: 1859, 1994). Southern blot and sequence analysis of the
KNAT1 locus from two alleles of bp revealed the molecular basis of the mutant phenotype. This work describes for the
first time the developmental defects associated with the bp phenotype and clearly establishes a link between this phenotype
and the previously characterized KNAT1 gene.
BREVIPEDICELLUSbpBP
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Polar auxin transport regulates organ formation at the periphery of the shoot apical
meristem

Teva Vernoux, Jocelyne Kronenberger, Olivier Grandjean, Patrick Laufs, Jan Traas
Laboratoire de Biologie Cellulaire, INRA de Versailles
The entire shoot system is produced by shoot apical meristems (SAM). Although the precise sequence of events is
not known, organ initiation starts with the isolation of a subset of cells from the meristem. This is followed by the
specification of primordium identity and outgrowth. Moreover, organ primordia are produced in a regular pattern, called
phyllotaxy. Although the signals controlling these early processes have not been identified, auxin has been associated
with the regulation of shoot apex development. To explore the role of auxin in organ initiation, we have analysed the
apex of the pin-formed1 (pin1) mutant. PIN1 is a transmembrane protein involved in polar auxin transport and pin1
mutants present a characteristic naked inflorescence stem. The dramatic reduction in polar auxin transport in the pin1
mutant leads to major alterations in the process of organ initiation. In particular, our results show that cells at the
periphery of the meristem express both markers of primordia and markers of primordia boundaries, demonstrating that
in the mutant cells adopt a hybrid identity once they leave the meristem. Given the molecular nature of the PIN1 protein,
we propose that localised polar auxin transport control the initiation of organ primordia by acting on cell identity at the
shoot apical meristem. In order to study other regulators of primordia positioning, we have analysed the genetic interactions
between PIN1 and three other factors involved in organ separation and initiation: CUP-SHAPED COTYLEDON(CUC)1/
CUC2 and PINOID. Our results show that these four genes form a network controlling meristem formation and organ
separation, thus highlighting the developmental importance of polar auxin transport.
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Analysis of FILAMENTOUS FLOWER expression pattern using the GFP maker in
Arabidopsis

Keiro Watanabe and Kiyotaka Okada
Department of Botany, Graduate School of Science, Kyoto University
FILAMENTOUS FLOWER ( FIL ) gene encodes a zinc finger and an HMG-related domains. The expression of FIL
gene is localized in abaxial regions of cotyledons, leaves and floral organs by in situ mRNA hybridization. In addition,
the adaxial epidermal cells of rosette and cauline leaves of 35S::FIL plants partially changed into the abaxial epidermal
cells. Therefore, FIL gene determines the abaxial identity of cotyledons, leaves and floral organs.(Sawa et al. Genes &
Development, 13, 1079~1088, 1999, Bowman et al. Development, 126(18), 4117-28)
In order to analyze fine expression patterns of FIL gene in the development of lateral organs, we introduced the FIL
promoter :: GFP fusion into wild-type Arabidopsis. In these transgenic plants, GFP signals are observed at abaxial
surface of cotyledons, leaves and floral organs. The results confirmed our previous in situ pattern of FILmRNA. Analysis
of the transverse and longitudinal sections of the transgenic plants by confocal microscopy showed that GFP signals are
detected in the two or three layers of cells at the abaxial side except cells at the vascular bundle.
The next question is how FIL gene gets the positional information based on the abaxial-adaxial axis. To obtain genetic
answers against this question, we mutagenized the seeds of FIL promoter :: GFP transgenic plants with EMS and are
screening the mutants with altered patterns of GFP signals.
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Perturbation of cell division in developing embryos of Arabidopsis thaliana.

Carol Wenzel1, Jim Haseloff2, Sue Bougourd1
1
Department of Biology, University of York, Heslington, York, Y010 5DD, UK; 2Department of Plant Sciences,
University of Cambridge, Downing Street, Cambridge CB2 3EA, UK.
Developing embryos of Arabidopsis thaliana undergo stereotyped patterns of cell division and expansion, leading
to the regular cellular architecture observed in mature embryos. Presumably co-ordination of cell division and expansion
between neighbouring cells must occur to ensure correct patterning and morphogenesis during development. We are
perturbing embryonic cell division in A. thaliana to determine the nature and extent of intercellular communication
between neighbouring cell types. A GAL4-GFP transactivation system is used to misexpress cell cycle regulatory genes
in targeted cell types. The resulting perturbations are analysed using confocal microscopy and computer 3-D software to
determine changes in the cellular patterning of the targeted cell types and their neighbouring tissues. Here we focus on
the effects of altering cell division rates during embryonic development by misexpressing cell cycle regulatory genes in
targeted cells of the vascular system and surrounding tissues of A. thaliana. We present data on the numbers, sizes and
arrangements of cells in targeted and neighbouring tissues, and discuss the relationship between cell division, cell
expansion and morphogenesis during embryonic development.
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Screening for genes controlled by SHOOT MERISTEMLESS during meristem
development

Claire Woodward and Robert Sablowski
Department of Cellular and Developmental Biology, John Innes Centre, Norwich NR4 7UH, United Kingdom
The shoot apical meristem continuously provides new cells to build most of the above-ground parts of plants. The
Arabidopsis SHOOT MERISTEMLESS (STM) gene keeps meristem cells undifferentiated and encodes a homeodomaincontaining protein. To identify genes that mediate the effects of STM on cell division and differentiation, we initially
generated plants in which STM function can be activated ectopically. These plants express a fusion between the STM
protein and the steroid-binding domain of the rat glucocorticoid receptor (STM-GR); the fusion protein should be
transported to the nucleus only after addition of steroid. In stm mutants expressing STM-GR, steroid treatment rescued
meristem development, showing that STM-GR can replace STM function. In addition, ubiquitous activation of STM-GR
disrupted leaf development and caused ectopic expression of meristem marker genes. To screen for genes subordinate to
STM, we are using two approaches. The first is to characterise mutants that suppress the effects of ectopic STM activity
(based on the expectation that the genes may also mediate STM function in the meristem). The second is to use cDNA
arrays to monitor changes in gene expression after ectopic activation of STM. Progress on the characterization of STMGR suppressors and candidate STM targets from cDNA array experiments will be presented.
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An Enhancer of Glabra3 defines roles for bHLH proteins in all TTG1-dependent
pathways

Fan Zhang, Tony Gonzalez, Mingzhe Zhao, Alan Lloyd
ICMB, University of Texas-Austin
We have shown that GLABRA3 (GL3) encodes a putative basic-Helix-Loop-Helix (bHLH) protein that interacts
with the TTG1 protein. We also showed that overexpression of GL3 will suppress the trichome defect of the ttg1 mutation
and here we show that this expression also suppresses defects in the other TTG1-dependent pathways. These pathways
include: anthocyanin production, seed coat mucilage production, and position-dependent spacing of non-trichoblast
(non-root hair) epidermal cells. However, mutations in GL3 only affect the trichome pathway and furthermore, GL3 has
been considered to primarily control trichome branching. We performed a screen for enhancers of gl3-1, looking for
totally bald plants. One new complementation group was identified that, when mutated, gives totally bald plants only in
the gl3 mutant background. This group is shown to result from mutations in a second unlinked bHLH-encoding locus,
which we call Enhancer of Glabra3 (EGL1). The double bHLH mutant, gl3/egl1, has a phenotype similar to the ttg1
mutation and is defective in all four pathways listed above. Using plant overexpression studies and yeast two-hybrid
studies we show that EGL1, like GL3, interacts with other known regulators of TTG1-dependent pathways, and will
form homodimers and heterodimers with GL3.
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The role of DNA methylation in genomic imprinting in Arabidopsis

Sally Adams1, Rinke Vinkenoog1, Melissa Spielman2, Hugh G. Dickinson2, Rod J. Scott1
1
Department of Biology and Biochemistry, University of Bath BA2 7AY, UK, 2Department of Plant Sciences,
University of Oxford, South Parks Road, Oxford OX1 3RB, UK
Genes subject to genomic imprinting are differentially expressed depending on the sex of the parent they were
inherited from. These alleles are epigentically modified during gameteogenesis so they are recognised as being of either
maternal or paternal origin in the resulting progeny. The mechanisms by which these modifications are laid down are
still being uncovered, although in mammals nearly all imprinted genes exhibit parent specific methylation patterns. In
flowering plants accumulating evidence points to imprinting directly effecting the endosperm (and the embryo indirectly).
If the normal ratio of genomes in the endosperm of Arabidopsis (2 maternal to 1 paternal genome) is manipulated by
carrying out crosses between diploid and tetraploid plants the resulting seed show different and reciprocal phenotypes.
Seeds inheriting extra maternal genomes (4x x 2x) show a low mature seed weight and an inhibition of mitosis in the
endosperm, whilst those with extra paternal genomes (2x x 4x) have a high weight and endosperm overproliferation.
We have used these parent of origin effects to study the role of methylation in plant imprinting. By using
hypomethylated transgenic plants in crosses with wild type plants we have shown that reducing methylation levels
phenocopies the effect of adding extra genomes. This is consistent with a model in which hypomethylation of one
parental genome prevents silencing of alleles that would normally only be active if inherited from the other parent. This
suggests that methylation has an important role to play in parent-of-origin effects, and by inference parental imprinting,
in plants. We are currently working on further defining this role by studying the expression of the Met1 methyltransferase
using GUS promoter constructs.
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A putative external loop domain in the 4th exon determines functional specificity of
FT and TFL1

Ji Hoon Ahn and Detlef Weigel
Plant Biology Laboratory, The Salk Institute for Biological Studies, La Jolla, CA 92037; jahn@ems.salk.edu;
http://www.salk.edu/LABS/pbio-w/
FT (FLOWERING LOCUS T) is a floral inducer, which encodes a small protein showing homology to PEBP
(phosphatidylethanolamine binding protein) and Raf kinase inhibitor (Kardailsky et al., Science 286: 1862 [1999]). FT
overexpression causes early flowering while loss-of-function mutant flowers late, suggesting FT levels are critical in
determining flowering time. Among 5 other genes with similarity to FT in Arabidopsis, the only other gene with a
known role is TFL1 (TERMINAL FLOWER 1), an inhibitor of flowering (Bradley et al., Science 275:80 [1997]). FT and
TFL1 share high homology but their action is opposite in terms of flowering time. Overexpression of TFL1 leads to late
flowering whereas tfl1 loss-of-function mutants flower early. We and others have previously found that the relative
levels between FT and TFL1 are important for flowering time. Various exon swap constructs between FT and TFL1 were
generated and their effects on flowering time were investigated in an ft-1 tfl1-1 double mutant background to determine
their functional specificity. The results showed that the 4th exon of FT is important for its function. Further dissection of
the 4th exon indicates that the region B in this exon distinguishes very between FT- and TFL1-like properties of a
chimeric gene. Crystallographic structure of human PEBP and CEN (CENTRORADIALIS) from snapdragon (Serre et
al., Structure 6: 1255 [1998]; Banfield and Brady, J. Mol. Biol. 297: 1159 [2000]) have shown that region B forms an
external loop in PEBP and CEN. We speculate that the same is true for this region in TFL1 and FT, and that this region
contacts FT and TFL1-specific interactors.
This work has been supported by fellowships from KOSEF and the Hoffmann Foundation (J.H.A.), and by a grant from USDA (D.W.).
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Fluorescent in situ hybridization analysis of chromosome behavior in the
Arabidopsis meiotic mutant, sds

Yoshitaka Azumi1,2, Hong Ma2, Hideho Suzuki1
1
Dept of Biology, Kanagawa Univ., Hiratsuka 259-1293, Japan;2Dept of Biology, Life Sciences Consortium,
Penn State Univ., University Park, PA16802, USA
We previously reported the isolation of sds , which has a defect in meiosis of pollen mother cell (6th International
Congress of Plant Molecular Biology). In wild-type meiotic cells, the homologues stay attached as bivalents until
metaphase I and then separate into ten chromosomes at anaphase I. However, in the sds mutant, homologous chromosomes
separate prematurely before metaphase I and ten chromosomes can be observed at diakinesis and metaphase I. The
precocious separation of sds chromosomes result in abnormal distribution of chromosomes at anaphase I. In other
words, instead of 5:5 even distribution as seen in the wild type, the distribution of sds chromosomes were 4:6, 3:7, and
so on; sometimes some chromosomes did not move to either pole. As a result of this aberrant behavior of sds chromosomes,
sds mutant produces more than four meiotic products, polyad, which are sterile. These results suggest that homologues
might moved to the same pole sometimes. To further characterize the chromosome behavior, we conducted FISH analysis.
At early prophase I (leptotene or zygotene stage), FISH signals could be observed as two points on the two homologous
chromosomes, but at pachytene stage the signals seemed to merge into one spot in the wild type. During diplotene the
signals separated from each other; then presumably due to condensation of chromosomes, the signals were again merged.
At anaphase I the signals moved to opposite poles. In sds cells, the signals from homologous chromosomes never
merged during prophase I and the signals moved sometimes to same direction and sometimes opposite directions. The
results of FISH analysis indicate that in the sds cells, both homologues of chromosome I separated prematurely, and
were distributed randomly to the two poles of the first meiosis. The results also suggest that the sds mutant might be
abnormal even at the pachytene stage.
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The Characterization of Seed Dormancy Genes in the Arabidopsis ecotype Cvi

Leónie Bentsink1, Carlos Alonso-Blanco2, Maarten Koornneef1
1
Laboraty of Genetics, Wageningen University, Dreijenlaan 2, 6703 HA Wageningen, The Netherlands, 2Centro
Nacional de Biotecnologia, Campus Universidad Autonoma, Cantoblanco, 28049-Madrid, Spain
Research on seed dormancy in Arabidopsis in general is hampered by the relatively low level of dormancy in freshly
harvested seeds in the commonly used laboratory strains Landsberg erecta (Ler) and Columbia. There are other accessions
such as Cape Verde Islands (Cvi), which show a very strong dormancy. Cvi is used to analyse dormancy in Arabidopsis.
To dissect genetically this quantitative trait, a set of recombinant inbred lines (RIL) derived from the cross Ler x Cvi has
been used to detect and locate quantitative trait loci (QTL). This analysis revealed 7 loci, with genetic variation for seed
dormancy. To characterize the individual loci, near isogenic lines (NILs) in a Ler background have been prepared. The
germination behaviour of these NILs under different environments was analysed and hormone and inhibitor treatments
were applied. Further more a QTL on chromosome 5 (DOG; Delay Of Germination) has been fine mapped. By combining
DOG(cvi )alleles with some of the mutants known to be important in seed dormancy (e.g. ABA biosynthesis and seed
maturation mutants) has given insight in the epistatic relationships between processes controlled by the various genes.
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HEN1 promotes floral homeotic C function in Arabidopsis

Xuemei Chen, Jun Liu, Dongxuan Jia and Yulan Cheng
Waksman Institute, Rutgers University
The floral homeotic C function is required for the specification of stamen and carpel identities in Arabidopsis
thaliana . Severe loss-of-function mutations in the C function gene AGAMOUS ( AG ) lead to stamen-to-petal and
carpel-to-sepal transformations in the flower. In addition, ag mutant flowers are indeterminate. Two other genes, HUA1
and HUA2 , are involved in all aspects of AG ‘s functions, although they mutate to weaker phenotypes. The hua1-1 hua21 double mutant flowers display carpel-to-sepal transformation at the cellular level, i.e., some gynoecial valve cells
exhibit sepal cell characteristics. In order to identify more components of the AG pathway, we performed an EMS screen
in the hua1-1 hua2-1 background and isolated mutations in several complementation groups that result in ag -like
flowers. Two recessive alleles in the HEN1 locus were found to enhance the hua1-1 hua2-1 floral phenotype. Early
flowers of the hua1-1 hua2-1 hen1-1 or hua1-1 hua2-1 hen1-2 genotype have sepals, petals, petals, and carpels from the
outside to the inside of the flowers. Late flowers of the two genotypes also display phenotypes that indicate loss of carpel
identity and floral determinacy. These phenotypes suggest that HEN1 promotes C function. The HEN1 gene was cloned
by chromosome walking and encodes a novel protein.
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Regulated overexpression of AGL15:effects on abscission and senescence in
reproductive tissues

Su-Chiung Fang, Donna E. Fernandez
University of Wisconsin-Madison
The MADS domain factor AGL15 is preferentially expressed during embryogenesis, but may play multiple roles
during plant development. Constitutive expression of AGL15 causes delays in the transition to flowering, delays in
abscission and senescence in perianth organs, and delays in fruit and seed maturation. To better understand these effects,
we have developed strategies to overexpress AGL15 only in subsets of cells or at particular times in development. When
AGL15 is overexpressed in abscission zone cells using a chitinase promoter, no delays in abscission or effects on petal
breakstrength are seen, indicating that action in the abscission zone cells is not sufficient to cause the observed floral
effects. To test whether overexpression of AGL15 is sufficient to reverse or slow tissue senescence, AGL15 was expressed
under the control of the SAG12 promoter. Vegetative and reproductive organs senesced at a rate that was indistinguishable
from that of wild type. To express AGL15 in a controlled way at different times in development, we have developed a
modified two component glucocorticoid-inducible system. This system, where the two components are combined by
crossing, will be particularly useful in cases where low level expression may lead to embryo lethality or other detrimental
effects on plant viability or reproduction. Funded by the UW-Madison Graduate School, USDA (96-35304-3699) and
DOE/NSF/USDA Collaborative Program on Research in Plant Biology (DBI 96-02222).
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HEN4 encodes a KH domain protein that regulates floral reproductive organ
identities and plant size in Arabidopsis

Yulan Cheng, Wenming Wang, Junjie Li,Tamara L. Western, Xuemei Chen
Waksman Institute of Microbiology, Rutgers University
The floral organ identity C function gene AGAMOUS (AG) plays a key role in specifying the identities of the
reproductive organs in Arabidopsis. Several genes have been reported to regulate the transcription of AG. However, little
is known about whether there is regulation other than at the transcriptional level or how AG drives downstream target
genes to establish the reproductive structures. HUA1 and HUA2 were isolated from an enhancer screen using the weak
ag-4 allele and shown to be new members of the AG pathway. A new screen in the weak hua1-1 hua2-1 double mutant
background has revealed further mutants with phenotypes indicating a comprised AG pathway. Two of these mutant
lines contain recessive mutations in a novel locus, HEN4 (HUA ENHANCER 4). hua1-1 hua2-1 hen4-1 and hua1-1
hua2-1 hen4-2 flowers exhibit defects in stamen and carpel identities and floral determinancy. Early arising flowers
have petaloid stamens and enlarged gynoecia, later flowers show stamen-to-petal transformation and bear gynoecia with
internal organs, and very late stage flowers resemble severe ag mutant flowers. In addition, the triple mutants are small
in stature. This suggests that HEN4 promotes C function and regulates plant size. We cloned HEN4 with a map-based
approach, and found that it produces two types of transcripts due to alternative splicing of the last intron. The two HEN4
protein variants contain either 4 or 5 hnRNP-K-homology (KH) domains, and belong to a family of at least 6 Arabidopsis
KH domain proteins. KH domains are present in numerous proteins and thought to play very important roles in many
cellular processes. Since the KH domain is a known RNA-binding motif, it is likely that HEN4 regulates flower organ
identity and plant size at the RNA level.
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Composition and variation of the Arabidopsis thaliana pollen coat

Aretha Fiebig1, Jacob A. Mayfield1 and Daphne Preuss1,2
1
University of Chicago, 2Howard Hughes Medical Institute
The extracellular protein/lipid matrix on the surface of Arabidopsis pollen is necessary for the initial steps of
fertilization. Provision of a species recognition tag for the selective stigma cells is a key function of the pollen coat, but
the molecule(s) responsible for recognition are not known. We have identified all of the major proteins in the pollen coat
greater than 10 kd. Five of these proteins contain a lipid-binding oleosin domain and a C-terminal glycine-rich repetitive
domain and correspond to genes clustered in a tandem array. To understand the function of these genes we are taking
advantage of mutational analysis and natural variation. Though many genes in clusters degenerate to pseudogenes, the
reading frames of all these genes are maintained in at least 5 ecotypes in the presence of numerous insertions/deletions
suggesting that all are functional and necessary. Previous studies demonstrate that one of these, GRP-17, promotes
efficient pollination. The similarity in gene structure suggests a high level of redundancy in these genes. To better
understand the function of these genes we seek to identify a mutant with a deletion of this cluster. We investigated the
variability of this gene cluster in the ecotypes Col, Ler and Cvi and found levels of polymorphism which are greater than
average. Furthermore we found extensive divergence in the syntenic region of Brassica oleracea. Genes involved in
species recognition on other systems have been shown to be highly variable, and the changes observed may promote
speciation in plants.
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The WUSCHEL gene has an essential function in ovule development

Rita Gross-Hardt1, Thomas Laux2
1
ZMBP Tübingen, email: rita.gross-hardt@uni-tuebingen.de; 2Institute of Biology III, University of Freiburg,
email: laux@biologie.uni-freiburg.de
The WUSCHEL (WUS) homeobox gene is expressed in the a small cell group, named organizing center, of shoot and
floral meristems (Mayer et al., Cell 95, 805-815). Mutations in WUS result in misspecification of stem cells and premature
termination of meristem activity (Laux et al., Development 122, 87-96). Misexpression experiments indicate that WUS
is not only required but also sufficient to confer stem cell identity (Schoof et al., Cell 100, 635-644). wus mutants can
initiate adventitious shoot meristems and can give rise to floral meristems. These floral meristems reiterate the mutant
defect and terminate prematurely after the formation of the normal number of sepals and petals in a central stamen,
without the formation of a gynoecium. Here we show that WUS is also expressed in the nucellus of ovules and address
its function. Since no loss of function analysis was possible due to the lack of gynoecia in wus mutants, we provided
WUS expression in shoot and floral meristems from a heterologous promoter that is not active in ovules. This allowed us
to analyze ovules in a wus mutant background. Our results indicate that WUS plays an essential role in ovule development.
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FUNCTION OF THE BODENLOS GENE DURING APICAL BASAL PATTERN
FORMATION INARABIDOPSIS

Thorsten Hamann, I. Bäuerle, M. Kientz, G. Jürgens
ZMBP Developmental Genetics, University of Tübingen, Auf der Morgenstelle 3, 72076 Tübingen, FRG, mail:
thorsten.hamann@uni-tuebingen.de
Apical-basal pattern formation in Arabidopsis embryogenesis involves a series of highly regulated cell divisions. A
mutation in the BODENLOS (BDL) gene leads to a deviation from this division pattern resulting in a deletion of basal
seedling organs. bdl seedlings are insensitive to 2,4 D treatment and the gene interacts genetically with MONOPTEROS
(MP) and AXR 1 suggesting that the BDL gene is involved in auxin signaling. The BDL gene encodes a putative auxinresponse regulator which also interacts with MP in the yeast two-hybrid assay. In situ expression analysis and functional
assays are currently under way in order to understand the effect of the mutation on pattern formation during plant
embryogenesis.

516

The Effect of AGL 15 on Production of Somatic Embryos

Ellen Harding, Weining Tang, and Sharyn Perry
Department of Agronomy, University of Kentucky, Lexington, KY 40546-0091
AGL15 (AGAMOUS-Like 15) encodes a MADS-box regulatory factor that is preferentially expressed during
embryogenesis. AGL15 accumulates in a variety of embryos and embryonic tissues including zygotic, apomictic, somatic
and microspore embryos, suggesting a role for AGL15 in global aspects of embryo development. To further test AGL15’s
role in regulation of development in an embryonic mode, we examined the influence of AGL15 on the production of
somatic embryos. AGL15 levels were manipulated by the introduction of transgenes into Arabidopsis wild type and
mutant backgrounds that produce somatic embryo tissue. The cauliflower mosaic virus 35S promoter driving expression
of full-length AGL15 (MIKC construct) provides increased and ectopic accumulation of AGL15 (Fernandez et al., 2000,
Plant Cell 12, 183-197). This same promoter was also used to drive expression of a form of AGL15 lacking the Cterminal domain (MIK construct; seed provided by D. Fernandez, Univ. of Wisconsin). Similar constructs based on other
MADS-box genes, AGAMOUS and SRF, produce dominant negative effects. We have found that cultured embryos with
the MIKC construct can produce embryonic tissue in culture for extended periods of time. A recent report (Mordhorst et
al., 1998, Genetics 149, 549-563) of Arabidopsis mutants that can produce somatic embryos from enlarged shoot apical
meristems (SAM) was intriguing to us because the very young SAM is one of the few places that we can detect AGL15
immunohistochemically after germination. We have introduced the MIKC and MIK transgenes into one of these mutants
and have found that the MIKC construct in this background leads to production of somatic embryos from the meristem,
whereas the MIK construct does not produce embryos. We are continuing work to test the effect of AGL15 levels on
production of somatic embryos in other mutant backgrounds.
Supported by the University of Kentucky, Department of Agronomy, and by the National Science Foundation (IBN-9984274).
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SECRET AGENT and SPINDLY have overlapping roles in plant development

Lynn M. Hartweck and Neil E. Olszewski
University of Minnesota
The SECRET AGENT (SCA) gene of arabidopsis encodes a protein with significant similarity to SPINDLY (SPY)
which is a negative regulator of the gibberellin (GA) signal transduction pathway. To investigate the role of SCA in
development and its possible functional similarities with SPY, two T-DNA insertional alleles of SCA were identified and
used in genetic studies. While sca plants had no extreme morphological defects, chromosomes carrying linked mutant
alleles of sca and spy genes had greatly reduced heritability. The genes are linked on chromosome III. Preliminary data
suggested that there was reduced viability of both gametes and embyros inheriting chromosomes containing the linked
sca and spy mutations. No double mutant plants were obtained. This data indicates a synthetic phenotype for sca and spy
that is consistent with the model that the genes have overlapping functions in development. The results of a more
detailed study of the inheritance of the linked sca and spy mutations will be presented.
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KOMPEITO is required for exine formation and pollen-stigma adhesion in
Arabidopsis

Masahiro Kanaoka, Kentaro K. Shimizu and Kiyotaka Okada
Department of Botany, Graduate School of Science, Kyoto University
In sexually reproductive plants, successive processes of cell-cell interaction between male and female reproductive
organs are important events for fertilization. The first step is the pollen-stigma adhesion. Then pollen grains hydrate and
pollen tubes grow toward the female gametophytes. However, little is known about the molecular mechanisms of these
cell-cell interactions. To investigate these mechanisms, we screened mutants with defects of such interactions. We
examined pollen grains and elongation pattern of pollen tubes in pistils of Arabidopsis plants using fluorescence microscopy
after staining with aniline blue. Here we report a novel recessive mutant, kompeito. The shape of kompeito pollen grains
is irregular and the fertility is reduced. We observed pollen grains using scanning electron microscopy. The surface of
wild-type pollen grains shows a particular patterning characteristic of normal exine. kompeito pollen grains had irregular
ridges instead of wild-type exine patterning. Through the development of pollen grains, we observed no obvious difference
between wild type and kompeito before the formation of exine. Microspores develop normally. Once pollen tubes germinate
following events proceed normally, suggesting that reduced fertility is caused by the defect of pollen adhesion to the
stigma. This is the first genetic evidence that the exine is necessary for physical pollen adhesion to the stigma. We
isolated KOMPEITO gene by chromosome walking. Predicted KOMPEITO gene encoded a putative trans-membrane
protein of unknown function. Further analysis is in progress.
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Unraveling the Function of Polycomb Proteins (FIE and MEA) in Plants.

Aviva Katz, Gal Cohen, Ofra Lutan, Ofir Chakim, Asaf Mosquna, Moran Oliva, and Nir Ohad.
Department of Plant Sciences, Tel Aviv University, Tel Aviv 69978 Israel
In flowering plants, two cells, the egg and the central cell nucleus are fertilized by two sperm cells in the haploid
female gametophyte giving raise to the embryo and the endosperm tissue respectively. The endosperm is a tissue that
supports embryo development. The FERTILIZATION-INDPENDENT ENDOSPERM ( FIE ) and MEDEA ( MEA ) genes
encode WD and SET domain polycomb proteins, respectively. In mutant female gametophytes bearing a lesion in ether
fie or mea, endosperm develops without fertilization. In contrast, when fertilization occurs, these mutations cause arrest
of the embryo development. fie and mea mutations also cause parent-of-origins effects, whereby the wild type maternal
allele is essential and the paternal allele is dispensable for seed viability. Recently we have shown that in Arabidopsis,
similarly to insects and mammals, FIE and MEA proteins interact, suggesting that the molecular partnership of WD and
SET domain polycomb proteins have been conserved during evolution. The overlapping expression patterns of FIE and
MEA are consistent with a model whereby, in the female gametophyte FIE and MEA polycomb proteins function in a
complex that suppresses gene transcription in the central cell thus controlling endosperm development until fertilization
occurs, as well as controlling seed development after fertilization. Strategies allowing to understand the mechanisms by
which these polycomb proteins function to regulate their down stream target genes during endosperm and embryo
develop upon fertilization will be discussed.
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Transcriptional activation by the Arabidopsis protein AINTEGUMENTA

Beth Krizek and Chidananda Sulli
University of South Carolina
The floral development protein AINTEGUMENTA (ANT) is thought to function as a transcriptional regulator. It is
a member of a large family of DNA binding proteins (AP2/EREBP family) that control plant growth and development in
response to developmental or environmental signals. Transcriptional activation and repression activities have been
demonstrated for several members of the EREBP subclass of these proteins. Using fusions between the GAL4 DNA
binding domain and various parts of ANT, we have mapped the transcriptional activation domain of ANT to a 79 amino
acid region in the amino terminal half of the protein. This region shows similarity to transcriptional activation domains
in other proteins as it is rich in Ser, acidic, and bulky hydrophobic amino acids. In addition, we show that ANT can
activate gene expression in both yeast and Arabidopsis through binding to a DNA sequence corresponding to an vitro
determined ANT binding site.
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Identification of transposon-tagged progamic phase genes in Arabidopsis

Eric Lalanne, Ramesh Patel, Ueli Grossniklaus and David Twell
Department of Biology, University of Leicester, Leicester LE1 7RH
The progamic phase of reproductive development involves post-pollination events from pollen germination to gamete
fusion which are not easily accessible. As a strategy for the identification of progamic mutations which act
gametophytically, we have used transposon insertional mutagenesis based on screening for distorted segregation of an
antibiotic resistance marker. Screening of 3, 616 DS gene/enhancer trap lines allowed the identification of 19 potential
gametophytic mutations. Cosegregation tests indicated that these transposon insertions are tightly linked to the reduced
transmission phenotype. With the exception of one line, all lines showed a more severe reduction in genetic transmission
of the transposon through the male than through the female gametes. Ten male-specific mutants produce pollen with
normal cellular morphology, but fail to transmit the insertion during the progamic phase. No failed ovules or aborted
seeds were observed suggesting no effect on fertilization events. Cloning of flanking genomic DNA at DS insertion sites
revealed the identity of the disrupted genes. Three mutants, pgp1, pgp2 and pgp3, potentially involved in cell signalling
events, were selected for further investigation. PGP1 codes for a putative plasma membrane protein containing a proteinprotein interaction domain. PGP2 shows significant similarity with a sugar phosphate isomerase involved in capsule
synthesis in bacteria. PGP2 could modify surface-associated polysaccharides and play a role in cell surface interactions.
PGP3 presents significant similarity with RPT2 and NPH3, two signal transducers of the phototropic response (Sakai et
al., Plant Cell 2000, 12:225-236; Motchoulski and Liscum, Science 1999, 286: 961-964). These proteins may function
as adapter or scaffold proteins to bring together the enzymatic components of signalling pathways. Progress on genetic,
phenotypic and functional analysis of these mutants will be presented.
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HUA1, a regulator of stamen and carpel identities in Arabidopsis, codes for a nuclear,
potential RNA-binding protein

Junjie Li, Dongxuan Jia, and Xuemei Chen
Waksman Institute, Rutgers University, 190 Frelinghuysen Road, Piscataway, NJ 08854
Stamen and carpel identities are specified by the combinatorial activities of several floral homeotic genes, APETALA3,
PISTILLATA, AGAMOUS(AG), SEPALLATA1(SEP1), SEPALLATA2(SEP2) and SEPALLATA3(SEP3), which all code
for MADS domain DNA-binding proteins. AG and SEP genes also control floral determinacy. HUA1 and HUA2 were
previously identified as regulators of stamen and carpel identities and floral determinacy because the recessive hua1-1
or hua2-1 allele affected these processes in plants with a lower dosage of functional AG (either homozygous for the
weak ag-4 allele or heterozygous for a strong ag allele, ag-1). HUA2 was previously cloned and shown to code for a
novel protein. Here we report the isolation of HUA1 with a map-based approach. HUA1 encodes a protein with six
CCCH-type zinc finger motifs. This type of zinc fingers is also found in yeast, C. elegans, Drosophila and mammalian
proteins. Several such proteins from mammals are known to bind RNA and play key regulatory roles in development.
Here we show that HUA1 can bind ribohomopolymer in vitro, preferentially polyrG and polyrU at moderate salt
concentrations. This suggests that, like other proteins with CCCH zinc fingers, HUA1 is a potential RNA-binding
protein. Because HUA1 is localized in the nuclei of onion epidermal cells, it is likely that HUA1 is involved in RNArelated nuclear events such as splicing, export, degradation, etc. Although cellular target(s) of HUA1 remains to be
determined, the RNA-binding property of HUA1 points to a new mechanism in the regulation of floral organ identites.
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Spatial and temporal expression patterns of APT1, 2 and 3 in Arabidopsis floral
tissue

Barbara Moffatt1, Chenhong Zhang1, Luiz Pereira 1, Sharon Regan2
1
University of Waterloo, 2Carleton University
Adenine phosphoribosyltransferase (APT; EC 2.4.2.7) recycles adenine produced by the breakdown of nucleotides
and nucleosides, to adenine monophosphate (AMP). There are five isoforms of APT encoded in the Arabidopsis genome,
at least three of which are transcribed in floral organs based on northern analysis and RNase protection assays. Here we
describe the use of in situ hybridization to localize these transcripts more precisely within floral tissues. Each APT had
a dramatically different transcription pattern with respect to development and tissue abundance. APT1 was constitutively
transcribed but was induced strongly in the tapetum and pollen mother cells, prior to meiosis. APT1 transcripts accumulated
to the highest levels in these cells during meiosis and the formation of tetrads of haploid microspores. APT2 transcripts
were localized to the parenchyma cells around the xylem vessels mainly in the receptacle. APT3 transcripts were detected
in the ovary, particularly in the septum region (later also in the ovule), throughout microsporogenesis with higher levels
detected after the tetrad stage. Levels of APT2 and APT3 increased in the apt1-3 (APT1-deficient) mutant although their
tissue expression patterns did not change. These results suggest that each APT isoform may have a distinct metabolic
contribution based on its expression pattern. Moreover, APT2 and APT3 are likely unable to compensate for APT1
deficiency because of their different spatial expression patterns. Finally, APT transcript abundance increases in response
to reduced APT activity. We are now investigating the possible metabolic signal(s) causing this change in APT transcript
accumulation.
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Isolation by cDNA-AFLP and characterization of a gene similar to bacterial
Translocase I expressed during flower development of Arabidopsis thaliana

Jorge M. C. Mondego1, Jean L. Araujo1,Dulce E. de Oliveira1, Marcio Alves-Ferreira12
1
LGMV - Federal University of Rio de Janeiro, 2 California Institute of Technology
The flower development is one of the most intriguing events during vegetal organogenesis. We are interested in the
characterization of genes that are expressed in Arabidopsis thaliana late stage of flower bud development, wherein
occurs the senescence phase of anther and the maturation of gynoecium tissues. We utilized cDNA-AFLP technique
intending to isolate genes differentially expressed during this stage. We divided the flower development in 2 phases
according to flower bud size and pollen development - phase 1: flower buds smaller than 1 mm and phase 2: flower buds
bigger than 1 mm. Among the 20 putative transcript derived fragments (TDFs) specific from phase 2 wherein occurs the
anther senescence, the fragment B2 is identical to the last exon of a putative gene (T9A21_120) that encodes a protein
homologous to bacterial translocase I (UDP-N acetyl muramoyl pentapeptide transferase- mraY). In prokaryotes, this
enzyme participates in peptidoglycan biosynthesis. After isolating its complete cDNA we visualized through Southern
blot that A. thaliana Translocase I (atTransI) is a single copy gene. Northern blot analysis showed that this gene is
expressed only in inflorescence. Furthermore, in situ hybridization experiments demonstrated that atTransI expression
is restricted to microspores, anther tapetum and during ovule development. In order to elucidate the function of atTransI
we will perform immunolocalization experiments as well as antissense construction in A. thaliana.
This work was supported by grants from the Brazilian Institutions FJUB, CAPES and CNPq.
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Global Gene Expression Patterns in emf1 Mutants

Yong-Hwan Moon 1, Lingjing Chen 1, Hicham Zegzouti 1, Daniel M. Maffeo 1, Sherman Chang 2, Tong Zhu 2, and Z.
Renee Sung 1
1
Department of Plant and Microbial Biology, University of California, Berkeley, CA 94720, 2Torrey Mesa
Research Institute, San Diego, CA 92121
The embryonic flower, emf, mutants skip vegetative development and form reproductive structures upon germination.
Weak emf mutants, e.g., emf1-1, produce a small inflorescence and later a few flowers, while strong emf mutants, e.g.,
emf1-2, develop only carpelloid organs. Based on genetic and AP1 expression studies, it was hypothesized that emf1-2
begins life at a more advanced reproductive state than emf1-1 (Chen et al., 1997). To study global gene expression
patterns, we isolated RNA from wild type and two emf1 mutants, emf1-1 and emf1-2, and hybridized the RNA with
Affymetrix GeneChips containing oligonucleotide probes of 8000 Arabidopsis genes (Zhu and Wang, 2000). Compared
with wild-type seedlings, many flowering-related genes, especially flower-specific MADS box genes were more
abundantly expressed in the seedlings of the two mutants. To confirm GeneChip data and to estimate RNA levels of low
expressors, we carried out Reverse Transcription Polymerase Chain Reaction (RT-PCR) for FT, TFL1, SOC1, and LFY
using RNA from wild type plants and emf1 mutants at several developmental stages. We found that two flowering-time
genes, FT and TFL1, which are highly expressed in the inflorescence meristems, were expressed at a higher level in
emf1-1, but not in emf1-2, than in wild-type plants. These results indicate that the 1-2 week old emf1-1 seedlings are at
the inflorescence and flower phases, while emf1-2 seedlings are at the flower phase.
We also investigated EMF1 expressions in co, ft, and emf1 mutants. EMF1 expression levels in co and ft were
similar to those of wild-type plants. However, EMF1 RNA level was higher in emf1 mutants, especially in emf1-1. This
may be explained by EMF1 self-regulation or the fact that emf1 mutants contain flower meristems which accumulate
higher levels of EMF1 RNA. To confirm the expression level of EMF1 in emf1 mutants, we are introducing EMF1
promoter:GUS constructs to emf1 mutants.

526

The Identifcation of Downstream Targets of the Arabidopsis Floral Development
Protein AINTEGUMENTA

Staci Nole-Wilson, Beth A. Krizek
Department of Biological Sciences, University of South Carolina, Columbia, SC 29208, USA
The Arabidopsis protein AINTEGUMENTA (ANT) is a member of the plant-specific AP2/EREBP family of
transcription factors. Members share either one or two copies of an approximately 70 amino acid domain called the AP2
repeat. Recently we determined the DNA binding specificity for ANT, which contains two copies of the AP2 repeat. This
information is being used to identify potential targets of ANT regulation. A genome search for sequences with high
similarity to the ANT consensus binding site has identified several such sequences that are found upstream of known or
putative genes. We find that ANT binds to several of these sequences in vitro. Further characterization of these putative
target genes using Northern blot analysis and RT-PCR in wild type, ant, and 35S::ANT backgrounds is currently underway.
We will also present preliminary results from an alternative approach to identify ANT target genes which involves using
microarray technology and a steroid-inducible form of ANT.
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Gametophytic mutations affecting cytokinesis at pollen mitosis I

Sung-Aeong Oh, Daisy Rahman, Soon Ki Park and David Twell
Department of Biology, University of Leicester
To improve our understanding of molecular components and mechanisms involved in eukaryotic cytokinesis, two
gametophytic cell division mutants were selected from independently generated EMS-muagenized pools. The mutants,
named two-in-one (tio ) produce ~35 % aberrant pollen grains containing either two free nuclei within the same cytoplasm,
a single fusion nucleus, or collapsed pollen at the mature pollen stage. Reciprocal testcrosses revealed that genetic
transmission of the tio1 and tio2 mutations was completely blocked through the male and very limited (~10 %) through
the female. Developmental analysis during microgametogenesis revealed that the first aberrant phenotype is binucleate
pollen, which results from the failure of cytokinesis at pollen mitosis I. Microspore nuclear migration and polarity are
not disturbed in tio such that partial division occur at predicted asymmetric sites. In common with other sporophytic
mutants such as keule , knolle , and cyt1 , tio mutants produce incomplete dividing walls and internal wall stubs attached
to the parental cell wall. Developmental defects were also observed during megagametogenesis by cytological analysis
of cleared whole-mount ovules indicating a lack of cellularisation at the micropylar pole of the embryo sac. Molecular
mapping of tio1 and tio2 showed that both mapped to the same location (72cM) on chromosome 1. Their similar
phenotypic characteristics and map positions suggest that tio1 and tio2 are allelic mutations. Currently, molecular
complementation of tio1is in progress. The molecular analysis of TIOwould help to define its precise role in cytokinesis
and provide valuable insight into the molecular mechanisms of gametophytic cytokinesis.
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POP2, a gene required for guidance of Arabidopsis pollen tubes, is similar to class III
omega aminotransferases.

Ravishankar Palanivelu, Laura K. Wilhelmi and Daphne Preuss
University of Chicago
Successful fertilization in plants requires precise guidance of pollen tubes to the ovules; an event mediated by strong
adhesion interactions and specific signaling events. Mutations in the pollen-pistil interaction gene, POP2, cause a specific
and dramatic disruption of guidance: pollen tubes do not adhere to ovule tissue and fail to target the eggs. Crosses
between mutant and normal plants show that this mutant is self-sterile: sterility occurs only when mutant pistils are
pollinated by mutant pollen. To better understand the specific role of POP2 in pollen tube guidance, we cloned the POP2
gene by chromosome walking. A genomic fragment containing the cloned gene complements the pop2 allele, restoring
fertility to mutant plants, providing additional evidence that the cloned gene was indeed POP2. Sequence analysis of the
cloned gene shows that POP2 gene has strong homology to class III omega aminotransferases, enzymes that catalyze
transfer of amino groups during the synthesis of omega amino acids. In addition to the pop2-1 allele, we have also
identified three different T-DNA insertional alleles of POP2. Our current work focuses on utilizing these POP2 alleles
to understand the function of POP2 in pollen tube guidance by (i) identifying and characterizing the substrate for POP2
aminotransferase and (ii) identifying the genes through microarray experiments that show altered expression in the
pop2-1 mutant compared to the wild-type plants.
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otachi enhances weak ettin mutants

Jennifer Pfluger1, Jennifer L. Nemhauser2, Larry Biando and Patricia C. Zambryski1
University of California at Berkeley, 2The Salk Institute
The gynoecium is the female reproductive structure of flowering plants. Because the Arabidopsis gynoecium is
composed of several morphologically distinct tissues including apical stigma, style, ovary and basal stipe, it can be used
as a model to study complex pattern formation. The phenotype of ettin (ett) mutants, as well as the expression pattern of
ETT mRNA, suggests that ETT plays a crucial role in regional patterning of the gynoecium. An activation tagging
modifier screen of the weak ett allele identified an enhancer named otachi (ota), with a phenotype strikingly similar to
intermediate ett alleles. OTACHI was cloned and found to be a member of the Atrac/Rop family of GTPases. Preliminary
characterization of this gene will be presented.
1
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Enhancer trap lines YJ161 and YJ115 are expressed in the developing fruit

Adrienne H. K. Roeder1, Sarah J. Liljegren3, Yuval Eshed2, John L. Bowman2, Jose M. Alonso3, Joseph R. Ecker3, and
Martin F. Yanofsky1
1
University of California, San Diego, La Jolla, CA 92093-0116; 2 University of California, Davis, CA 95616; 3
The Salk Institute for Biological Studies, La Jolla, CA 92037
The Arabidopsis fruit is a complex organ composed a several distinct tissues whose separate identities must be
established during development. The valves, or seed pod walls, enclose and protect the developing seeds while the
replum and septum divide the fruit into two halves. The valve margins attach the replum to the valves and form the
dehiscence zone where the fruit opens to release the seeds when it matures. Several genes that are involved in the
development of these tissues have been identified. The SHATTERPROOF (SHP) MADS-box genes redundantly regulate
valve margin differentiation and later dehiscence of the fruit. Valve development after fertilization requires FRUITFULL
(FUL), another MADS-box gene. FUL negatively regulates the SHP genes, limiting their expression to the valve margins.
We have been examining enhancer trap lines to identify other genes involved in fruit development. The marker line
YJ161 is expressed in the inner and outer epidermis of the valve margin. This expression pattern is different from those
of the SHP genes which span the valve margin and may represent a developmentally distinct tissue type. The YJ161
valve margin expression is not regulated by SHP, but is negatively regulated by FUL. The YJ161 marker corresponds to
the expression pattern of a putative zinc finger protein. Isolation of knockouts and overexpression of this gene are in
progress to identify its role in fruit development. YJ115, another enhancer trap marker, is expressed in the abaxial
replum and the valve margins and is regulated by the SHP genes. The T-DNA insertion in YJ115 is upstream of a gene
encoding a protein of unknown function that contains a putative transmemebrane domain. Isolation of knockouts for this
gene to determine its function is in progress.

531

Mis-expression of the Arabidopsis flowering time gene CONSTANS

Clotilde Roussot1, Shelley Hepworth1, Jonathan Clarke1, Ian Moore2, and George Coupland1
1
Department of Cell and Developmental Biology, John Innes Centre, UK. 2Department of Plant Sciences,
University of Oxford, UK
In many plant species, the transition to flowering is controlled by environmental signals such as day length. Arabidopsis
is a facultative long day plant as it flowers earlier under long days (LD) than under short days (SD). In the constans (co)
mutant, flowering is delayed under LD but not under SD. Previous studies have shown that CO is expressed throughout
plant development, in both leaves and shoots. To address in which tissues CO expression is required to promote flowering,
we are generating transgenic plants in which CO is expressed in specific tissues. CO expression patterns will then be
analysed in relation to the flowering time phenotype. Two complementary strategies are being used to generate CO
expression patterns. Both rely on a binary transactivation system that employs the synthetic transcription factor LhG4.
First, we express LhG4 in specific patterns from the promoters of the UNUSUAL FLORAL ORGANS (UFO),
PHANTASTICA (PHAN), CLAVATA1 (CLV1), AINTEGUMENTA (ANT) and TobRB7 genes and then transactivate CO
expression from an LhG4-responsive promoter. Secondly, we use an Ac/Ds transposon system-based enhancer trap
strategy to generate a wider range of LhG4 expression patterns.
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Characterization of a male and female sterile Arabidopsis mutant

Carla Schommer and Robert W.M. Sablowski
John Innes Centre, Norwich, UK
We have isolated a T-DNA tagged Arabidopsis mutant that shows both male and female sterility with a high degree
of penetrance. The mutation is fully recessive and sporophytic. The genomic sequence adjacent to the left border of the
T-DNA was determined by TAIL-PCR. It suggests an insertion into the coding region of a predicted gene on chromosome
one. Blast search revealed no homologues in Arabidopsis but 48% similarity to the rat TBPIP. This gene is suggested to
play a role in male meiosis1. The homozygous mutant plant does not elongate its stamens and does not produce pollen.
The female gametophytes of the homozygous mutant are able to attract pollen when the flowers are pollinated manually,
suggesting that ovule development is normal. Embryos do not develop though. Complementation of the mutant is in
progress. Further analysis of its phenotype is being carried out, aiming to identify the point of abortion in pollen
development and the defect in female fertility.
1. T. Tanaka et al. (1997) Biochemical and Biophysical Research Communications 239, 176-181.
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Characterization of Three Mutant Phenotypes Produced by Back-crossing a Single
Reduced Fertile T-DNA Tagged Arabidopsis Line

Thomas P. Schuck1, Christopher A. Makaroff2, Heather A. Owen1
1
University of Wisconsin - Milwaukee, Department of Biological Sciences, Milwaukee, WI 53211,2Miami
University, Department of Chemistry and Biochemistry, Oxford, OH 45056
In a screening of the Feldman collection of T-DNA tagged Arabidopsis lines, a line that segregated in a 3:1 ratio of
wild-type to normal size, fertility impaired individuals was identified. Preliminary characterization suggested that fertility
impairment was most likely due to a meiotic defect, with the mutants producing primarily non-functional pollen of
variable size and also exhibiting reduced female fertility. The line was 100% kanamycin resistant, indicating the presence
of multiple T-DNA insertion points. Back-crossing of wild type pollen onto emasculated fertile individuals was performed
to obtain a line containing a single insertion that co-segregated with the phenotype. Three groups of T-DNA tagged lines
exhibiting different phenotypes resulted from these crosses, each of which appears to be segregating in a 3:1, WT to
mutant ratio. In addition to the original phenotype, we have identified an unbranched fertile dwarf line and a highly
branched fertility impaired dwarf line. Initial work with light microscopy and scanning electron microscopy indicates
that the two lines of reduced fertile plants exhibit different mechanisms of fertility impairment. We have confirmed that
the original line is a meiotic mutant, producing pollen of varying sizes. We suspect the impaired fertility of the highly
branched dwarf line results from desiccation of developing pollen within the anthers. The epidermal layer of floral
organs (sepals, petals, anthers and gynoecia) exhibit ruptured cells. Calyx development is abnormal causing the sepals to
not fully enclose the developing flower. Anthesis is incomplete. Additional morphologic characters include broad, dentate
basal and cauline leaves. The dwarf fertile phenotype appears to exhibit normal fertility and morphology, with the
exception of having shortened racemes. The two dwarf conditions may have separate origin indicated by the difference
in branching habit. All three mutant phenotypes can be maintained as heterozygous and homozygous lines. Hybrids of
the three phenotypes were not observed.
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PROMOTER TRAPPING OF SEVEN GENES EXPRESSED IN ARABIDOPSIS
ENDOSPERM

Biljana Stangeland 1, Zhian Salehian 1,2, Reidunn Aalen 2, Abul Mandal 3 and Odd-Arne Olsen 1
1) Agricultural University of Norway, 2) University of Oslo, Norway, 3) University of Skövde, Sweden
Recent studies in cereals and Arabidopsis have revealed a conserved developmental pathway for endosperm
development in which cellularization of the endosperm coenocyte is initiated by establishment of nucleo-cytoplasmic
domains by a nuclear based radial system of microtubuli. Cellularization is mediated by cytoplasmic phragmoplasts
depositing anticlinal cell walls in the interzones between neighboring arrays of nulear based radial microtubuli. To
further elucidate endosperm development in Arabidopsis we have initiated a screen for endosperm-expressed genes
using a collection of promoter-trap lines. The lines were generated by root transformation with pMHA2 vector
(promoterless gusA gene at the right T-DNA border). Among 309 independent lines examined, 37 lines (12%) exhibited
GUS activity in seeds. Of these, 10 lines (27%) displayed GUS activity both in endosperm and embryos, 13 lines (35%)
in embryos only, 12 lines (33%) in three or more seed organs and 2 lines (7%) in integuments. In total 22 lines (60%)
exhibited GUS activity in endosperm and other organs but none of the lines showed GUS activity only in endosperm. We
decribe seven lines in this poster (A-G). Two of them display stage-dependent GUS activity in the endosperm only (lines
A and B). In line A GUS activity is localized in chalazal endosperm at the heart stage of development. Using LR-iPCR
we isolated T-DNA flanking regions. We detected integration in the upstream region of a gene with unknown function.
In line B GUS activity is in both endosperm and embryo. At the heart stage of development, a portion of seeds from this
line show GUS activity only in the endosperm. GUS stained endosperm nuclei are grouped around the heart stage
embryo and vary in size. We interpret this phenotype to indicate that nuclear divisions in the endosperm are unsynchronized.
Sequence data revealed the integration of a promoterless GUS expression cassette in the upstream regions of a gene with
unknown function. Sequences from 5 additional lines (C-G) showing GUS activity in the endosperm and embryos have
been obtained. In two of them we detected integration in upstream regions of known genes, but with hitherto undescribed
patterns of expression.
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PROMOTER TRAPPING OF THREE GENES EXPRESSED IN ARABIDOPSIS SILIQUES

Biljana Stangeland 1, and Zhian Salehian 1,2
1) Agricultural University of Norway, 2) University of Oslo, Norway
In a screen of Arabidopsis promoter trap lines (Vector pMHA2- promoterless gusA gene at the right T-DNA border;
Abul Mandal, University of Skövde, Sweden) for endosperm genes (poster by B. Stangeland et al.), we detected three
lines displaying GUS staining in 1) stomata, 2) embryo and hydatodes and 3) seed coat. Among the first 309 lines
examined, 50 lines (16%) showed GUS expression in siliques. Of these, 22 lines (44%) displayed GUS expression only
in seeds, 9 lines (18%) in silique tissue only and 4 lines (8%) exclusively in the siliques abscission zone. Twelve lines
(24%) showed GUS staining both in siliques and seeds and 3 lines (6%) exhibited GUS activity in both seeds and in the
abscission zone. Based on Southern blot analysis, approximately 50% of the lines posses single T-DNA copy insertions.
Stomata -One of the transgenic lines shows GUS activity in guard cells on siliques and stem but not (or very weakly) on
leaves. GUS staining is visible also in roots and auxillary meristems. Using Long Range Inverse PCR we isolated TDNA flanking regions from this line. Sequence data revealed the integration of a promoterless GUS expression cassette
in a gene with an unknown function. Hydatodes (leaves) and embryos -We also analyzed a line with the GUS activity
in the hydatodes and embryos. Sequence analysis of the isolated plant flanking region revealed integration in the gene
coding for a nitrate chlorate transporter protein with an unknown expression pattern. Seed coat -Two of our lines
showed GUS activity only in the seed coat. We sequenced isolated plant promoter sequences from one of these lines and
confirmed integration in a gene with an unknown function. We are currently working on several lines showing GUS
activity in embryos and transport system of the seed (maternal tissue, funiculus and embryo suspensor).
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New roles of COP9 signalosome in Arabidopsis development revealed by partially
functional mutants of CSN1

Xiping Wang, Dingming Kang, Xing-Wang Deng and Ning Wei
Department of Molecular, Cellular and Developmental Biology, Yale University
The COP9 signalosome (CSN) has been genetically defined as a repressor of photomorphogenesis in Arabidopsis
seedling development. Very little is known about its function in other developmental processes and the specific role of
its 8 subunits. Here, we have generated partially functional COP9 signalosomes by expressing truncated forms of the
CSN1 subunit in a CSN1 null mutant of Arabidopsis (fus6-1) via stable transformation. We show that assembly of the
complex requires the middle region or the complete C-terminal half of CSN1, while the N-terminus of CSN1 is essential
for the function of the complex. The mutant COP9 signalosome lacking the CSN1 N-terminus can not fully rescue the
mutant but confers a phenotype that is distinguishable from fus6. The complex formed with a C-terminal deleted CSN1
can fully rescue the seedling defects of fus6 but showed impaired ability to produce high levels of the complex.
Consequently, this partial loss-of-function mutant (fus6/A1) exhibits specific phenotypes in flower development and in
inflorescence apex, demonstrating critical physiological functions of the COP9 signalosome beyond photomorphogenesis
and seedling development. And one CSN1 full lenth transgenic line which has low level COP9 signalosome showed the
similar phenotypes to fus6/A1. Key Words: COP9 signalosome / CSN1-FUS6 / flower development / inflorescence /
protein complex
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HEN2 encodes a putative DExH box helicase involved in the specification of
reproductive organs

Tamara L. Western and Xuemei Chen
Waksman Institute, Rutgers University, Piscataway, NJ, USA
Reproductive organ identity in Arabidopsis is regulated through the activity of Class B, C and E genes. Class C and
E genes are required for the production of carpels, while the additional presence of Class B genes leads to stamens in the
third whorl. hua enhancer2-1 (hen2-1) was identified through its enhancement of the double mutant between the weak
Class C genes HUA1 and HUA2. Triple mutant hen2-1 hua1-1 hua2-1 flowers have mosaic sepal/petal/stamen organs in
the place of stamens, and sepal-carpels rather than carpels in the fourth whorl. Single hen2-1 mutants and double mutants
with either hua1-1 or hua2-1 also show defects in the fourth whorl. These results suggest that HEN2 is required for
proper specification of the reproductive organs, by influencing the activity of both Class B and C genes or of Class E
genes. HEN2 maps near the centromere of chromosome 2 and was cloned through chromosome walking. Comparison to
GenBank sequences suggests that HEN2 encodes a putative RNA helicase containing a DExH box. HEN2 is highly
similar to the yeast helicases Ski2p and Dob1p which are associated with the exosome, a complex of RNases which acts
in RNA processing and degradation. This implies that post-transcriptional processes play specific roles in organ identity
specification.
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GIGANTEA, an Arabidopsis gene that controls circadian rhythms and flowering time

Louisa Wright1, Hitoshi Onouchi2, Karen Lee1, and George Coupland1
1
Department of Cell and Developmental Biology, John Innes Centre, UK. 2 Graduate School of Agriculture,
Hokkaido University, Japan
In plants, flowering occurs through a combination of endogenous and environmental signals. One of the main
environmental signals which contributes to the transition to flowering is photoperiod. Measurement of the daily light/
dark cycle involves the circadian clock, a self-sustaining timekeeper found in plants, microorganisms and animals. Once
the photoperiod is recognised as being inductive, flowering occurs. Mutations have been isolated in Arabidopsis that
delay flowering under inductive photoperiods. These genes are assigned to the long day flowering pathway, and include
the gene GIGANTEA (GI). GI mutants show delayed flowering under LD conditions. In addition to the effect on flowering
time, mutations in GI have additional effects, such as altered circadian rhythms of clock regulated genes, disrupted
phytochrome light signal transduction, and resistance to the herbicide Paraquat. GI is cloned and encodes a clock regulated,
nuclear protein of 1173 amino acids. GI mRNA abundance is circadian clock regulated and peaks 8-10 hours after dawn.
The timing and duration of this peak is influenced by daylength. The effect of GI mutations on clock regulated genes
indicates that GI has a role in maintaining the circadian expression of these genes, in addition to its role in the photoperiodic
control of flowering. We have studied the role of GI in both processes by mis-expressing GI from heterologous promoters,
and these data will be presented.
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A Knockout for Every Gene and a Chip for Every Purpose

Michael R. Sussman
Professor and Director Biotechnology Center, University of Wisconsin, 425 Henry Mall, Madison, WI 53706
A progress report will be provided on recent developments with two genomic technologies developed at the University
of Wisconsin-saturation reverse genetics using a collection of insertionally mutagenized 'knockout' Arabidopsis plants,
and a maskless array synthesizer (MAS), for producing high density DNA oligonucleotide arrays 'on the fly'. Our
reverse genetic approach involves the rapid screening of several hundred thousand insertionally mutagenized Arabidopsis
lines, for the isolation of knockout plants for any gene of interest. We have previously reported on a mathematical
treatment required to isolate a knockout in any gene of interest (Krysan et al., 1996) and now report empirical observations
on experimental progress towards obtaining a knockout for each and every one of the 26,000 Arabidopsis genes. Progress
towards the establishment of a computer database for T-DNA insertions, using TAIL PCR to generate flanking sequences,
will also be described.
As a general tool for genotyping and for discerning the effects of a particular mutation on global genome expression,
we have been testing existing and new technologies based on high density oligonucleotide arrays.
Recent experiments utilizing a maskless array synthesizer (MAS) (Singh-Gasson et al., 1999) which is capable of
generating, in only four hours, custom chips containing a half million different oligonucleotides on a 2 cm squared glass
surface, will be described. The MAS uses a digital micromirror device developed by Texas Instruments, to generate
virtual masks for use in photolithography and is a powerful tool for bringing combinatorial chemistry to the benchtop in
research laboratories.
Krysan, P.J., Young, J.C., Tax, F. and Sussman, M.R. 1996 Identification of T-DNA insertions within Arabidopsis genes involved in signal
transduction and ion transport. Proc. Natl. Acad. Sci. 93:8145-8150.
Singh-Gasson, S., Green, R.D,, Yue, Y., Nelson, C., Blattner, F., Sussman, M.R. and Cerrina, F. 1999. Maskless fabrication of light-directed
oligonucleotide microarrays using a digital micromirror array. Nature Biotechnology 17:974-978.

