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Abstracts for Keynote Presentations

2

[Keynote 1]

NIGHT IN THE ARABIDOPSIS PLANT
Alison M. Smith
John Innes Centre, Norwich, United Kingdom
During the last two decades, our research and that of collaborators uncovered biochemical pathways
responsible for the synthesis and degradation of starch granules in Arabidopsis leaves. We showed
that these processes are subject to complex control over the day-night cycle that requires the
circadian clock. This control ensures the availability of carbohydrate to fuel metabolism during the
night. Defects in the mechanism lead to starvation, and can have profound effects on plant growth.
Despite this progress, many questions remain to be answered. We do not know the nature of the
control mechanisms, and recent discoveries of previously unknown proteins required for normal
starch granule numbers, shapes and patterns of turnover lead us to suspect that important players in
the basic processes of synthesis and degradation remain to be discovered. I will describe our current
understanding of these processes, and the gaps in our knowledge. I will also raise the important
question of whether knowledge gained from Arabidopsis leaves is applicable to other species, organs
and circumstances in which starch is synthesised and degraded.
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[Keynote 2]

MAKING A DIFFERENCE: FATE AND CONSEQUENCES IN THE STOMATAL LINEAGE
Dominique Bergmann
Stanford University and Howard Hughes Medical Institute (HHMI), USA
Plant biologists are acutely aware of scale. Regardless of the level of our own studies, our research
subjects confront us with the interconnectedness of their parts and processes. Fortunately, our plant
research community is also interconnected, and this enables both broad and deep exploration of
fundamental biological questions: at the smaller scales, we gain precision and rigor, moving up in
scale, we gain impact. Scale is exceedingly important when considering stomata, the epidermal
valves that regulate carbon dioxide and water vapor exchange between plants and the atmosphere.
Stomatal guard cells and the developmental pathways used to make, pattern and adapt them to the
prevailing environment offer a distillation of important themes in development, and a platform for
single-cell investigations of identity and physiology. It is also an exciting time to forge links between
stomatal development and physiology at leaf, plant, plot and ecosystem scales in diverse plant
families. In addition, the parallel expansion of stomatal lineage complexity and stomatal transcription
factors across the plant kingdom provides a powerful “natural laboratory” in which to analyze
structure/function of individual proteins and evolution of their regulatory networks. In my talk, I will
will present vignettes of how we’ve leveraged key regulators of stomatal development into a systemwide view of cell identity, and preview some of the experimental and imaging-based tools that
enable us to capture and manipulate these regulators of developmental decisions in Arabidopsis.
With these tools and the discovery that homologous transcription factors anchor cell identities in
Arabidopsis, Physcomitrella and Brachypodium, we are beginning to capture information about cell
identity and developmental potential in a wide range of plants possessing interesting stomatal
properties, including many plants of ecological and economic relevance.
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[Keynote 3]

CRUISING INSIDE FLOWERS: FROM CELLULAR DYNAMICS TO KEY SIGNALLING MOLECULES
Tetsuya Higashiyama
Institute of Transformative Bio-Molecules (WPI-ITbM), Nagoya University, Japan
Successful sexual reproduction of flowering plants involves complex cell-to-cell communication. We
have been working on pollen tube guidance, double fertilization, and early embryogenesis by live-cell
analysis. In pollen tube guidance, defensin-like peptide LUREs are pollen tube attractants of Torenia
and Arabidopsis secreted by two egg-accompanying “synergid cells” (Science 2001; Nature 2009;
PLoS Biol. 2012). To understand the molecular mechanism of pollen tube guidance, we have been
taking two approaches of live-cell study (for reviews, Cell Growth Differ. 2013; Annu. Rev. Plant Biol.
2015). The first approach is to use precisely defined semi-in vitro system (semi-in vivo system),
including development of various microfluidics devices (e.g., RSC Adv. 2013). Semi-in vitro studies
combined with synthetic chemistry lead to discovery of novel intercellular signaling molecules
involved in pollen tube guidance. Arabinogalactan sugar chain AMOR derived from Torenia ovular
sporophytic tissues is critical to make pollen tubes competent before attraction by TfLUREs (Curr.
Biol. 2016; Plant Physiol. 2017). PRK6 is a receptor kinase of Arabidopsis, which is critical in sensing of
AtLURE1 peptides (Nature 2016). Cocrystal structure analysis of AtLURE1 and PRK6 suggested unique
action mechanism of AtLURE1 (Nat. Commun. 2017). Development of fluorescent small molecules is
also in progress for single molecule or super-resolution imaging of cellular signaling (e.g., J. Am.
Chem. Soc. 2017). The second approach is based on in vivo imaging. We have shown that pollen tube
guidance is intimately related with double fertilization (e.g., Dev. Cell 2013; Cell 2015). By using twophoton microscopy, we have succeeded in visualizing pollen tube guidance in the pistil tissue (e.g.,
Development 2015, Protoplasma 2015). In this talk, I will talk about recent progresses of our pollen
tube guidance study to discuss how pollen tubes are navigated to ovules, focusing on precise
directional control, species-specific attraction, and one-to-one relationship between multiple ovules
and pollen tubes.
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[Invited 1]

MOLECULAR BASIS OF FLOWER-SIZE EVOLUTION ASSOCIATED WITH THE TRANSITION
FROM OUTBREEDING TO SELFING
Adrien Sicard1, Ushio Fujikura2, Natalia Wozniak3, Christian Kappel3, Stephen Wright4, Michael
Lenhard3
1

SLU Uppsala, Sweden, 2Kobe University, Japan, 3University of Potsdam, Germany, 4University of
Toronto, Canada
Understanding the molecular basis of morphological change remains a central challenge in
evolutionary-developmental biology. The transition from outbreeding to selfing is often associated
with a dramatic reduction in reproductive structures, such as a reduced flower size in plants, as seen
for example when comparing the selfing Arabidopsis thaliana with the outbreeding A. lyrata. We are
using the pair of closely related species Capsella grandiflora and C. rubella to study the molecular
basis of evolutionary changes in flower size. The outbreeding ancestor C. grandiflora forms large
attractive flowers, while the derived selfing species C. rubella only shows small, inconspicuous
flowers. Using a quantitative-genetic approach, we have identified three genes whose variation
between the two species contributes to flower-size reduction in C. rubella. One of these encodes an
F-box protein, the other a putative transcriptional regulator and the third a cytochrome P450 enzyme
involved in brassinosteroid biosynthesis. Different molecular mechanisms underlie the altered
activities of the alleles from the selfing versus the outbreeding lineages. Together these studies
should pave the way for answering the question how the evolution towards small flowers has
occurred repeatedly in the genus Capsella and beyond.
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[Invited 2]
TIME TO CHANGE - ONSET OF REPRODUCTIVE DEVELOPMENT AND THE MAKING OF A
FLOWER
Doris Wagner
University of Pennsylvania, USA
Plant development and survival is tuned in response to endogenous and environmental cues in the
context of chromatin. All living plant cells can be triggered to de-differentiate, to assume a different
identity, or to form an entire new organism. My lab is particularly interested in the series of events
that lead from cue perception to transcriptional, epigenetic and cellular reprogramming during the
spatiotemporal control of flower formation. The stereotypical arrangement of flowers on the primary
inflorescence stem determines the species-specific inflorescence architecture, reproductive fitness
and yield. Cues that direct initiation of flower primordia include plant hormones such as auxin and
gibberellin, photoperiod, temperature, nutrient sensing, stress and more. How this multitude of
possible cues is interpreted to trigger the vital (and frequently irreversible) developmental transition
to making flowers is not understood. I will discuss new mechanistic insight into the question how
photoperiod and auxin tune the timing and positioning of flower primordium initiation, respectively.
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[Invited 3]
EVOLUTION OF BODY PLANS IN LAND PLANTS
John L. Bowman, Eduardo Flores-Sandoval, Tom Dierschke, Stevie Florent, Tom Fisher, Liam
Briginshaw
School of Biological Sciences, Monash University, Australia
The origin of land plants (embryophytes) was one of the most important evolutionary events in the
earth’s history. The spread and diversification of a land flora changed the biosphere and made
possible the subsequent colonization of land by metazoans, allowing the origin of complex terrestrial
ecosystems. Molecular phylogenetic and ultrastructural data indicate that land plants are most
closely-related to charophycean alga; land were thus likely derived from freshwater, aquatic
ancestors from which they inherited numerous developmental, biochemical, and cell biological
features. However, the origin and diversification of embryophytes involved dramatic evolutionary
changes in life history, physiology, and body plan that allowed for more complex forms adapted to
life on land. Some of the key features associated with land plant evolution were the origin of a
multicellular diploid sporophyte from a retained zygote, a gametophytic apical meristem with an
apical cell that divides in multiple planes producing 3-dimensional tissues, a sporophytic shoot apical
meristem (SAM) with a capacity for branching, and the origin of roots and mechanisms to regulate
gas exchange and water loss. We have been developing Marchantia polymorpha, a liverwort, as a
model system to investigate the evolution of key features of shoot development associated with the
colonization of land.
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[Invited 4]

THE ROLE OF MITOCHONDRIAL SIGNALLING IN ABIOTIC STRESS RESPONSES
Jim Whelan
ARC Centre of Excellence in Plant Energy Biology, School of Life Science, La Trobe University, Australia
It is widely accepted that in addition to the extensive biochemical metabolic functions of
mitochondria that they play an essential role as a cellular signalling hub. Mitochondria act as a sensor
to environmental and cellular signals to trigger signal transduction pathways to modify nuclear gene
expression. Much of the investigation in this area has focused on stress induced components of
mitochondria, e.g. alternative oxidase (AOX), and the identification of the signalling pathways and
components that are involved in induction of AOX under a variety of different conditions. However,
there are likely to be a number of additional pathway that involve mitochondrial function that play
roles in stress responses in plants.
Here we will present findings characterising on the identification and characterisation of a number of
pathways/components involved in altering plants responses to abiotic stress. Using forward and
reverse genetic approaches a number of components/pathways have been identified, an ER
membrane bound NAC transcription factor(s), an outer mitochondrial membrane protein DGS1, a
retarded root growth-like (RRL) and the ubiquitin-proteasome system (UPS) in playing a role in
altering mitochondrial function in response to stress. We have investigated how these pathways
interact with other cellular signalling pathways, in particular chloroplast retrograde signalling
pathways, in orchestrating response to adverse growing conditions.
Overall a theme that is emerging from these studies is that while the ER bound NAC signalling
pathway appears to be activated by mitochondrial dysfunction, that the other pathways display
considerable overlap with chloroplast signalling, with many of the components showing a dual
location in both mitochondria and chloroplasts. Thus, in addition to coordinated and linked pathways
in metabolism, mitochondrial and chloroplast stress signalling appear tightly linked.
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[Invited 5]

SENSING AND REMEMBERING WINTER
Caroline Dean
John Innes Centre, Norwich, United Kingdom
Plants use seasonal cues to judge when winter is over and the time is right to flower. A major
seasonal cue is prolonged cold; but plants need to integrate fluctuating temperature signals over
many months and not get confused by a short period of cold in autumn. The sensing and
remembering of long-term temperature exposure is a process known as vernalization.
We have been dissecting vernalization in Arabidopsis thaliana using a combination of molecular
genetics, computational analysis, cabinet and field studies. We find that plants monitor multiple and
different aspects of the fluctuating temperature to down-regulate and epigenetically silence the
floral repressor gene, FLC. The talk will describe our latest understanding of these temperaturemediated gene regulation mechanisms.
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[Invited 6]

BALANCING PLANT GROWTH AND DEFENSE THROUGH RECIPROCAL REGULATION
BETWEEN TOR KINASE AND ABA RECEPTOR
Jian-Kang Zhu
Shanghai Center for Plant Stress Biology, Chinese Academy of Sciences, Shanghai 200032, China
Department of Horticulture and Landscape Architecture, Purdue University, West Lafayette, IN
47907, USA
Plants sacrifice growth and quickly activate protective and defensive responses upon perceiving
environmental stresses. Phytohormone abscisic acid (ABA) plays a critical role in integrating a wide
range of stress signals and controlling downstream stress responses. Upon stress perception, plants
rapidly accumulate ABA, which binds PYR1/PYL/RCAR family receptors to activate defense responses.
While the molecular mechanisms underlying ABA-mediated responses to environmental stresses are
well-characterized, the processes balancing stress responses and growth are poorly understood.
Here, we found that Target of Rapamycin (TOR) kinase, an evolutionarily conserved master regulator
integrating energy, metabolism, and growth, phosphorylates PYLs at a conserved serine residue
corresponding to Ser119 in PYL1. Phosphorylation negatively regulates PYLs activity by inhibiting ABA
binding and its interaction with downstream PP2C enzymes. The phosphomimic PYL1S119D mutant
cannot complement the ABA insensitive phenotype of the pyr1/pyl1/pyl2/pyl4 quadruple mutant. In
contrast, non-phosphorylatable PYL1S119A is completely functional under stress, but plants are less
capable of stress recovery. TOR dysfunction causes ABA and stress responses, such as SnRK2
activation and ABA-responsive gene expression, even under non-stressed conditions. TOR kinasemediated phosphorylation of ABA receptors provides a posttranslational mechanism mediating the
defense to growth state switch, while ABA inhibition of TOR kinase activity permits plants to switch
from growth to defense. Our results suggest that plants utilize this conserved mechanism to repress
stress and ABA responses under unstressed conditions, to inhibit growth under stress, and to
promote growth recovery once environmental stresses subside.
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[Invited 7]

STRUCTURE AND ASSEMBLY OF THE CHLOROPLAST NDH-PSI SUPERCOMPLEX
Toshiharu Shikanai
Kyoto University, Japan
The chloroplast NADH dehydrogenase-like (NDH) complex is structurally related to mitochondrial
NADH dehydrogenase (complex I) but mediates cyclic electron transport around photosystem I (PS),
which is a main regulator of ATP synthesis and photoprotectionin in photosynthesis. In angiosperms,
the NDH complex interacts with two copies of the PSI supercomplex consisting of a PSI core and four
LHCI molecules (Lhca1~Lhca4) via two linker proteins, Lhca5 and Lhca6. To interact with the NDH
complex, Lhca5 and Lhca6 substitute for Lhca4 and Lhca2 in each copy of the PSI supercomplex,
respectively. Lhca5 has been also discovered in Physcomitrella patens but Lhca6 has been acquired
during the evolution of land plants. In the assembly process of the NDH-PSI supercomplex,
subcomplex B of the NDH complex interacts with a single copy of the PSI supercomplex via Lhca6. An
assembly factor CRR3 is involved in the process. The supercomplex formation via Lhca6 is required
for the stability of the NDH complex in angiosperms and this interaction between two protein
complexes should be prior to the full assembly of the NDH complex. I will discuss the reason why the
angiosperm specific supercopmplex requires the specific assembly process.
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[Invited 8]

USING C3 ARABIDOPSIS THALIANA TO UNDERSTAND C4 PHOTOSYNTHESIS
Julian Hibberd
University of Cambridge, United Kingdom
The C4 pathway has evolved repeatedly from the ancestral C3 condition and allows significantly
higher productivity. Compared with C3 species, the leaves of C4 plants display co-ordinated
modifications to photosynthesis gene expression, leaf anatomy and cell biology. In almost all C4
plants, the alterations to photosynthesis gene expression lead to the compartmentation of
photosynthesis between mesophyll and bundle sheath cells. To understand how C4 has evolved we
have assessed the function of the bundle sheath and the regulation of gene expression in this cell
type from C3 Arabidopsis thaliana. I will present evidence indicating that in addition to a role in
photosynthesis, the bundle sheath of A. thaliana leaves plays important roles in water and nutrient
transport, sulphur and glucosinolate metabolism. To understand mechanisms that control the
expression of genes in the C3 bundle sheath we combined classical truncation analysis of genes that
are preferentially expressed in this tissue with DNaseI analysis that demarcates transcription factor
binding in vivo. This approach allowed us to rapidly identify a single cis-element that is necessary and
sufficient for bundle sheath expression. The element acts to positively drive expression in the bundle
sheath and is conserved within variable accessions of A. thaliana but also in the Brassicaceae more
generally. We use this information to build a hypothesis relating to mechanisms underpinning gene
expression in the ancestral C3 bundle sheath, and how these may have facilitated the evolution of C4
pathway.
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[Invited 9]

MICROBIAL PEPTIDES RAPIDLY IMPAIR CELLULOSE SYNTHESIS INHIBITING CELL
ELONGATION
Christopher Kesten1, Steffan Scholl2, Francisco Gámez1, Karin Schumacher2, Clara Sánchez-Rodríguez1
1
2

Department of Biology, Institute of Molecular Plant Biology, ETH Zurich, Switzerland
Centre for Organismal Studies, Plant Developmental Biology, University of Heidelberg, Germany

Plant adaptation to stress relies on their ability to quickly perceive and respond to environmental
signals. This is possible by precisely controlled changes in cell division and expansion, which rely on
the accurate remodeling of plant cell walls (CW). However, very little is known about the CW-related
sensing of biotic stimuli, the molecular mechanisms activated and the immunity-growth equilibrium
needed for the plant. Among the plant CW components, cellulose is the most abundant and essential
one, being synthesized by plasma membrane-localized cellulose synthases (CSCs) moving along
cortical microtubule (MT) tracks. Using spinning disc confocal microscopy, we have identified a
drastic and rapid (4min) CSC activity impairment and MT depolymerization in root cells upon fungal
perception. This response seems to be a consequence of a rapid apoplast pH change induced by
fungal molecules, mainly peptides, which leads to root growth impairment. We have identified one
protein needed for this response, as the corresponding mutant is less sensitive than wild-type
seedlings to fungal-dependent root growth inhibition. In addition, the CSC and MT are not altered in
the mutant upon fungal perception, suggesting that this protein is needed for growth inhibition upon
apoplastic pH changes. Our results indicate that the plant cell is able to modulate its growth by
pausing the cellulose synthesis machinery immediately upon microbe contact by sensing apoplast pH
changes, explaining the reduction of cell elongation monitored in response to microbes.
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[Invited 10]

VND7 REGULATES XYLEM CELL DIFFERENTIATION VIA A BISTABLE SWITCH
Gina Turco1, Stefan Siebert1, Christine Shulse2, Diane Dickel2, Celina Juliano1, Michael Savageau1,
Siobhan Brady1
1
2

University of California, Davis, Davis, USA
Joint Genome Institute, Walnut Creek, USA

The plant vascular system supports the transport of water and nutrients throughout the plant body.
Xylem cells contained within this tissue allow for long distance transport from the plant root to the
shoot. Although the majority of plant cells are totipotent, xylem cells are unusual in that they
undergo terminal differentiation. While the genes regulating this process are well characterized,
much less is known regarding the dynamic behavior underlying the transition to xylem cell
differentiation. Here we utilize a combination of inducible expression lines, histochemical
visualization of xylem cell differentiation and single cell RNA sequencing to mathematically model the
relationship between VASCULAR-RELATED NAC DOMAIN 7 (VND7) expression and ectopic xylem
formation. We further demonstrate that a feedforward loop between VND7, MYB46 and secondary
cell wall biosynthetic genes contribute to this switch-like behavior, but not MYB83 and delineate
subtle molecular distinctions between cells undergoing vascular differentiation.
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[Invited 11]
ABSOLUTELY AWFUL TIMING
Uriel Urquiza1, Argyris Zardilis1, Nacho Molina1,2 and Andrew J. Millar1;
1
2

SynthSys and School of Biological Sciences, University of Edinburgh, Edinburgh, United Kingdom
Present address: IGBMC, Strasbourg, France

The 24-hour circadian clock is a tractable biological process, where we may link our understanding of
molecular regulation from the lab to the field (Millar, 2016). Breeders have selected alleles of clockassociated genes, suggesting their importance in multiple crops. To that end, we built mechanistic,
mathematical models of the clock gene circuit and its outputs between germination and flowering,
and linked them in a Framework Model for Arabidopsis growth (Chew, Seaton et al. bioRxiv 2017).
We recently moved beyond this genotype-phenotype approach. At small scales, Uriel Urquiza used
absolute clock RNA and protein levels (copy numbers per cell) to replace the models’ arbitrary units.
Combining biophysical data and binding models, he shows how to use genome sequences as an input
to predict timing function. At larger scales, Argyris Zardilis (see poster) has linked up to the whole
Arabidopsis lifecycle, across years and locations. These are steps towards a ‘crops in silico’ approach,
starting from increasingly-available crop genome sequences and reaching up to field traits. In future,
such models might test the full causal chain of Genetics, from genome sequence via gene circuit and
plant phenotypes, to fitness, selection of sequence variants and hence evolution of the genome
sequence.
Funding: Conacyt (Mexico), EU TiMet project, BBSRC.
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[Invited 12]

LOGISTICS: ALLOCATION OF CARBON AND ENERGY FOR YIELD AND PATHOGEN RESISTANCE
Wolf Frommer
Heinrich Heine Universität Düsseldorf, Max Planck Institute for Plant Breeding Research, Germany
Crops have huge economic value –the value of the production of all crops was US$141 billion in the
US alone. Despite their value, investment into research has been small and consequentially the basic
mechanisms that determine crop productivity have remained elusive. For example, we do not
understand how carbohydrates produced by photosynthesis in leaves are translocated to the seed
and how they are ultimately imported and distributed in seeds of major crops such as corn, wheat,
rice or barely. We have initiated studies to explore the molecular mechanisms involved in cell to cell
and organ to organ transport/translocation of sugars with an emphasis on phloem loading in leaves
and the filling of seeds. We have identified two transporter families that contribute to cellular efflux
and cellular uptake of sucrose and hexoses, the SUT proton symporters and the SWEET uniporters.
We systematically analyze the role of the family members in these processes in Arabidopsis, as well
as in a variety of key crops. We have found for example that three SWEET13 paralogs play critical
roles in phloem loading in maize, and have identified SWEET4c as a key hexose transporter in the
basal endosperm transfer cell layer of maize kernels (Sosso et al., 2015; Bezrutczyk et al., 2018).
Moreover, we have identified SWEET11 and 15 as key sucrose transporters involved in seed filling in
rice. Using genome editing and other standard molecular tools, we are trying to establish the
complete path of sugars from the site of synthesis to the ultimate storage site. We develop and
deploy fluorescent biosensors for sugars and transporter activity and are exploring the regulation of
the transport processes. In parallel, we have found that SWEETs function as pathogen susceptibility
factors and try to use this knowledge to engineer pathogen resistance in crop plants (Chen et al.,
2010).
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[Invited 13]

ROOT BRANCHING: CELL AND TISSUE COMMUNICATION SHAPE THE PLANT ROOT SYSTEM
Tom Beeckman
Department of Plant Biotechnology and Bioinformatics, Ghent University, Belgium.
VIB-UGent Center for Plant Systems Biology, Belgium.
Root architecture is a trait that strongly contributes to the performance of plants. The way plant root
systems colonize the soil will be determinative for the all or not thriving growth of the above ground
parts. Because plants are sessile organisms, the exploration of soil in search of water and nutrients is
mainly dependent on steering and controlling cell division and elongation.
The presence of an endogenous tissue layer in which, on a regular basis, stem cells with high cell
division competence are deposited represents a powerful instrument through which plants can easily
generate new lateral root branches. These branches are not arbitrarily formed along a root axis, but
their spacing is rather determined by an endogenous patterning mechanism that guarantees an even
distribution of lateral organs over the entire length of the root. New insights in this patterning
mechanism will be discussed with the emphasis on putative cellular and tissue communication
systems that are involved.
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[Invited 14]

THE FORK IN THE ROAD: DO REGENERATING CELLS NEED TO DIVIDE TO CHANGE FATE?
Ramin Rahni, Kenneth D. Birnbaum
Center for Genomics and Systems Biology, New York University, USA
The widespread ability of plant cells to regenerate involves the alteration of existing tissue into a new
type of tissue. Frequently, a damaged meristem will initiate a process that allows specified cells to
alter their fate to recreate a new meristem. In the root regeneration system, cells in the most mature
part of the meristem can give rise to new distal cell types, like columella, quiescent center, lateral
root cap, which were all completely removed by injury. Do plant cells need to divide to change their
fates? I will present our latest data on this important question, which we explore using live imaging
techniques and single-cell RNA-seq analysis. I will dedicate some time to go over the evolution of
techniques in single cell RNA-seq analysis, from plate-based methods to Chromium 10x to show how
this data can be used to provide new insights into classic questions in plant biology. I will present
how single-cell analysis shows some subtle changes in the cell cycle of regenerating plants. In
addition, I will present our results on coordinating our data from live imaging with single cell RNA-seq
analysis. The working model is that fate transitions occur extremely rapidly before the first cell
divisions but cells do not appear to be able to complete the process until they divide. Thus, cells
might not need to divide to begin reprogramming but division appears to be necessary to finish the
process. I will present the details of this model and our latest data on the mechanisms that operate
during the cell cycle to mediate cell fate transitions.
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[Invited 15]

ACIDIC CELL ELONGATION INDUCES CELL DIFFERENTIATION IN THE ARABIDOPSIS ROOT
Elena Pacifici1, Riccardo Di Mambro2, Raffaele Dello Ioio1, Paolo Costantino1,3, Sabrina Sabatini1,
1

Dipartimento di Biologia e Biotecnologie, Laboratory of Functional Genomics and Proteomics of
Model Systems, Università di Roma, Sapienza - via dei Sardi, 70- 00185 Rome, Italy
2
Dipartimento di Biologia, Università di Pisa, 56126 Pisa, Italy
3
Istituto di Biologia e Medicina Molecolari, CNR, Rome, Italy
The positioning and maintenance of the TZ are important events during root organogenesis, as they
ultimately determine the size of the root. We have previously shown that the position of the TZ,
depends on the antagonistic activities of two plant hormones: cytokinin and auxin. Cytokinin
activates the transcription factor ARABIDOPSIS RESPONSE REGULATOR 1 (ARR1), which in turn
activates the SHY2 and the GH3 genes involved in controlling, respectively, polar auxin transport and
degradation. In this way cytokinin shapes the graded distribution of auxin, positioning an auxin
minimum in the topmost root meristematic cells, which acts as a positional signal that triggers cell
differentiation. Upon sensing this auxin minimum, cells start to differentiate, expanding in one
direction (elongate) increasing their size. Here we show that these changes in cell size are a trigger
for cell differentiation and not a consequence of it and that they depend on the concomitant
activation by the plant hormone cytokinin of the EXPAs proteins and the AHA1 and AHA2 proton
pump. These finding provide an elegant example on the importance of mechanical events during
organogenesis.
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[Invited 16]

EVOLUTION OF STRESS RESPONSES IN THE ARABIDOPSIS GENUS
Juliette de Meaux, Shirin Glander, Maroua Bouzid, Fei He, Kim Steige, Gregor Schmitz, Vieira
Kovakova, Andreas Beyer
Botanical Institute, University of Cologne, Germany
Stress reactions to both biotic and abiotic stresses have been well described in Arabidopsis thaliana.
Less is known about how the evolution of novel ecological preferences alters their evolution. Within
A. thaliana, we show that the evolution of life history strategies is associated with a reduction of
gene expression in defense-related genes. To dig further into the impact of ecological diversification
on stress responses, we examined the evolution of drought stress reactions across three Arabidopsis
species: A. thaliana, A. lyrata and A. halleri, which display profound ecological differences. Our data
shows that the three species deploy distinct strategies in response to drought stress, in accordance
with their ecological priorities. We took a closer look into the genomic basis of these differences and
observed that components of the A. thaliana biotic stress response have been deeply rewired in the
genus, to contribute to the biotic stress response. Our work shows that components of the biotic and
abiotic stress responses are intertwined in their evolution.
Refs: He et al. MBE 2016, Glander et al. BioRXiv 2018, Bouzid et al. BioRXiv 2018.
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[Invited 17]

CAN WE STRUCTURE THE MICROBIOME OF ARABIDOPSIS THALIANA?
Joy M. Bergelson
University of Chicago, USA
As an ephemeral weed, Arabidopsis thaliana is seldom the primary host for its microbes and thus
interacts extensively with generalist pathogens. These interactions are necessarily diffuse, with the
selection imposed by the host being consequently weak. Nevertheless, Arabidopsis exhibits
heritability of the microbial communities that they support. In order to understand the relative roles
of host genotype and the environment on natural microbial communities in the phyllosphere, we
performed a GWAS experiment at four locations in Sweden across two years. We found substantial
population structure in the microbial communities but consistent evidence that hosts shape these
communities. A core microbiome exists among sites that is particularly prone to host control. This
core is furthermore enriched for hub species that are highly heritable, with pervasive impacts on the
microbial community. This targeted control of the microbiome by the host opens the door for
breeding strategies that promote beneficial microbiomes in planta.
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[Invited 18]

REGULATION OF RECEPTOR KINASE-MEDIATED IMMUNE SIGNALING BY DYNAMIC POSTTRANSLATIONAL MODIFICATIONS
Cyril Zipfel1,2
1

The Sainsbury Laboratory, Norwich Research Park, Norwich, United Kingdom
Institute of Plant and Microbial Biology, Zurich-Basel Plant Science Center, University of Zurich, CH8008 Zurich, Switzerland
2

Cell surface receptor kinases are essential to perceive extracellular stimuli and to modulate cellular
outputs during growth and development, as well as in response to environmental challenges. In
plants, several plasma membrane-localised pattern recognition receptors (PRRs) involved in ‘nonself’ innate immune perception are receptor kinases, often found as part of dynamic heteromeric
kinase complexes that include additional protein kinases, protein phosphatases and E3 ligases. I will
present our recent work on the regulation of plant immune signaling by these receptor complexes
and underlying dynamic post-translation modification events.
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[Invited 19]

ARABIDOPSIS THALIANA’S AFRICAN ROOTS
Angela Hancock
Max Planck Insitute for Plant Breeding Research, Cologne, Germany
Natural variation in Arabidopsis thaliana has contributed to discoveries in diverse areas of plant
biology. Reconstructing the history of this species provides crucial information about how to most
effectively leverage available variation to address biological questions. In particular, choosing the
optimal set of accessions for mapping and genetic analysis relies on knowledge of the extent of
shared variation and history of adaptation to the environment across populations.
While A. thaliana has typically been considered a weed associated primarily with human-mediated
environments, including agricultural fields, urban sites and railways, it has recently been shown that
it is native also in remote natural areas, including high altitude locations in Eurasia and Africa, from
the Atlas Mountains in Morocco and the Afro-alpine regions in Eastern and South Africa to Yunnan in
China, the Himalayas and the Tibetan Plateau. I will describe our recent work to assay variation in
Africa and integrate this with findings from other studies focused on European and Asian populations
of Arabidopsis thaliana. In addition, I will provide an overview of available and forthcoming genetic
and genomic resources.
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ARABIDOPSIS´ WILD RELATIVES - A FLASHLIGHT ON THE EVOLUTIONARY HISTORY AND
DYNAMICS OF SPECIATION
Marcus Koch
Centre For Organismal Studies (COS) Heidelberg, Biodiversity and Plant Systematics, Heidelberg
University, Germany
The genus Arabidopsis consists of about 25 species and subspecies and can be grouped into 5 major
lineages. The deepest evolutionary split, crown group evolution, is placed into the Pliocene roughly 5
million years ago. However, enhanced genetic differentiation leading to speciation is tightly linked
with Pleistocene glaciation and deglaciation cycles. Tremendous changes during the past 2.5 million
years not only changed the environment drastically many times at a given place, but also forced the
various members of the genus many times independently into a new and different spatio-temporal
context. Arabidopsis relatives had to adapt, migrate or went extinct. Changing distribution ranges
accompanied by changing environments triggered interspecies gene flow. This might not only have
had an influence on processes such as introgression of adaptive genetic variation, but might have
also enhanced hybridization and polyploidization leading to speciation. Evolutionary patterns of
speciation are exemplified by adaptation to substrate types highlighting the idea of a dynamic
evolutionary system.
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THE MULTIPLE FEEDBACK LOOPS OF THE ARABIDOPSIS CIRCADIAN CLOCK PROVIDE
RHYTHMIC ROBUSTNESS ACROSS ENVIRONMENTAL CONDITIONS
Akiva Shalit-Kaneha, Vladimir Filkovb, Roderick W. Kumimotoa, and Stacey L. Harmera
a

Department of Plant Biology, University of California, USA, and bDepartment of Computer Science,
University of California, USA
Circadian rhythms in plants, as in other eukaryotes, relay upon an oscillator composed of interlinked
transcriptional feedback loops. However, the specific components of circadian oscillators are not
conserved across eukaryotes. Moreover, the circadian network in the model plant Arabidopsis
thaliana is notably more complex than those found in animals and fungi. We have combined
mathematical modeling and experimental approaches to investigate the relevance of this complexity
for clock function, focusing on two classes of Myb-like transcription factors that antagonistically
regulate common target genes within the plant clock. Both CCA1/LHY- and RVE8-clade factors bind
directly to the same cis-element, but the former proteins act primarily as repressors while the latter
act primarily as activators of gene expression. While plants mutant for one or the other type of factor
display circadian period and developmental phenotypes, simultaneous loss-of-function of both
activator and repressor activities rescues both types of phenotypes when plants are maintained at
mild temperatures. However, circadian rhythms in these higher order mutants are disrupted when
plants are grown at physiologically relevant but non-optimal temperatures, conditions in which
rhythms are robust in wild type. Our data suggest that the complexity of the plant circadian network
may have arisen to provide rhythmic robustness across the range of environmental extremes to
which plants, as sessile organisms, are regularly subjected.
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PLANT STRATEGIES FOR ENHANCING ACCESS TO SUNLIGHT
Markus Kohnen1, Emanuel Schmid-Segert2, Anupama Goyal1, Olivier Michaud1, Anne-Sophie
Fiorucci1, Ioannis Xenarios2, Christian Fankhauser1
1
2

Center for Integrative Genomics, University of Lausanne, CH-1015 Lausanne, Switzerland
Swiss Institute of Bioinformatics, University of Lausanne, CH-1015 Lausanne, Switzerland

Light is a vital resource for plants, which compete for its availability particularly in dense
communities. Plants possess multiple photosensory receptors to detect the presence of competitors
and thereby adjust their growth and developmental strategies accordingly. I will discuss the
photoperception mechanisms and growth responses elicited by the neighboring vegetation in
Arabidopsis a typical shade-avoiding species. These responses include rapid shade-induced organspecific transcriptional reprogramming mediated by Phytochrome Interacting Factors (1). This leads
to a rapid burst of auxin production in cotyledons that is then transported to the hypocotyl where it
promotes elongation. Shade-enhanced auxin production also sensitizes the phototropic response
favoring reorientation of photosynthetic organs towards canopy gaps (2). Finally, in leaves shadeinduced auxin production leads to petiole elongation and upward movement (hyponasty) that is
restricted to the shaded leaf (3).
(1) Kohnen, M.V., et al., Neighbor Detection Induces Organ-Specific Transcriptomes, Revealing
Patterns Underlying Hypocotyl-Specific Growth. Plant Cell, 2016. 28:2889-2904.
(2) Goyal, A., et al., Shade Promotes Phototropism through Phytochrome B-Controlled Auxin
Production. Curr Biol, 2016. 26:3280-3287.
(3) Michaud, O., et al., Local auxin production underlies a spatially restricted neighbor-detection
response in Arabidopsis. PNAS, 2017. 114:7444-7449.
The authors acknowledge funding from the Swiss National Science Foundation.
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TRANSCRIPTION FACTORS ORCHESTRATE EPIGENETIC GENE REPRESSION BY POLYCOMB
GROUP PROTEIN COMPLEXES
Franziska Turck1, Yue Zhou1, Kristin Krause1, Ting-Ting Yang1, Joram Dongus1, Yuejun Wang2, Yijing
Zhang2, Wiam Merini3, Angeles Gomez-Zambrano3, Francisco J. Romero-Campero3, Myriam Calonje3
1

Max Planck Institute of Plant Breeding Research Cologne, Germany
Shanghai Institute for Biological Sciences, Shanghai, China
3
University of Sevilla, Spain
2

Polycomb group repressive protein complexes (PRCs) are essential for transcriptional regulation in
higher eukaryotes; they act through the establishment of repressive epigenetic marks at specific
chromatin regions. A key research questions remains how PRC complexes find their target regions. In
Drosophila, PRC2, responsible for establishing H3K27me3, is recruited via several well described
motifs present in Polycomb response elements (PREs). In mammals, PREs and associated motifs are
less obvious, while PRC recruitment through long non-coding RNAs has gathered much attention. In
plants, until recently, PRC recruitment by cis-elements or non-coding RNA was not described with the
exception of a few case studies.
I will present evidence for general mechanisms of PRC1 and PRC2 recruitment by B3 domain
transcription factors and TELOMERE REPEAT BINDING FACTORs (TRBs), respectively. RY-motifs and
teloboxes, the cognate elements of these DNA-binding protein classes, distribute along H3K27me3
marked regions with a high likelihood of presence in genebodies. Approximately a fifth of PcG target
genes depends on the joint action of TRBs and PRC2 for H3K27me3 coverage and transcriptional
repression, these genes are particularly enriched in teloboxes but relatively depleted in RY-motifs. In
contrast, genes enriched for RY-motifs but depleted for teloboxes gain H3K27me3 in trb mutants
suggesting that these motifs compete for enzymatic activities that stabilize H3K27me3. In conclusion,
plant PREs appear to be discontinuous and composed of a set of motifs that act in partial redundancy
allowing for a concerted regulation of distinct groups of Polycomb target genes.
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A CHROMATIN PERSPECTIVE OF CELL DIVISION AND GENOME REPLICATION CONTROL
Crisanto Gutierrez
Centro de Biologia Molecular Severo Ochoa, CSIC-UAM, Madrid, Spain
The cell division cycle consists of a series of unidirectional and coordinated events that lead to the
production of two daughter cells. Current evidence reveals that chromatin dynamics, including nucleosome
remodeling, DNA and histone modifications and variants, are crucial for proper progression through cell
cycle phases. We have mainly focused on two aspects of chromatin regulation during the cell cycle, namely,
the initiation of DNA replication during S-phase and the impact of chromatin dynamics on cell proliferation
potential during plant development.
We have previously identified the DNA replication origins (ORIs) active in cultured Arabidopsis cells. Now
we faced the challenge of identifying genome-wide the active ORIs (originome) in the adult organism to
learn about their biology and developmental plasticity. Our studies of the Arabidopsis originome revealed
that ORis associate with different chromatin landscapes, both active and repressed, although with different
frequencies. We analyzed ORIs at two stages of vegetative development and found that ORIs preferentially
firing during early vegetative stages colocalize with GC-rich heterochromatin whereas later in development
they tend associate with transcribed genes. Our quantitative ORI studies in the adult open wide
opportunities to analyze their biology in response to environmental changes, developmental cues or
mutant backgrounds.
We also found that the canonical histone H3.1, incorporated in S-phase, is maintained at high levels in
actively proliferating cells in the root meristem but is massively evicted in cells undergoing their last cell
cycle before differentiation. H3.1 eviction takes place during the last G2 phase, which is longer than in
earlier cell cycles. Thus, the H3.1 dynamics serves to identify cell populations with different proliferation
potential during organogenesis and patterning.
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MUTATING, MEASURING, AND MODELING MECHANOSENSITIVE ION CHANNELS IN PLANTS
Debarati Basu, Kari Miller, Ivan Radin, Ryan Richardson, Angela Schlegel, Jennette Shoots, Yanbing
Wang, and Elizabeth S. Haswell
Department of Biology and Center for Engineering MechanoBiology, Washington University in Saint
Louis, USA
A fundamental question in biology is how cells sense and respond to mechanical signals. One wellestablished molecular mechanism for force-sensing is the activation of mechanosensitive (MS) ion
channels. We have been characterizing the structure, function, and regulation of several families of
mechanosensitive ion channels in the model flowering plant Arabidopsis thaliana, including the ten
MscS-Like proteins, MSL1-10. We have employed Xenopus ooctyes as a heterologous system for the
electrophysiological analysis of MSL8 and MSL10 and giant E. coli spheroplasts for the
characterization of MSL1—establishing that mechanosensitivity is a conserved feature of eukaryotic
MscS homologs. In parallel, we have used genetic analysis to uncover several ways in which MSL
channels function. MSL1, MSL2 and MSL3 serve as osmotic conduits in the mitochondrial and
chloroplast envelopes, while MSL8 protects pollen grains from multiple osmotic challenges intrinsic
to plant fertilization. Evidence that MSL10 has a nonconducting function (elevating ROS and
triggering cell death) has opened up new areas for investigation. However, a current challenge is to
close the gap between what we measure in electrophysiological experiments on isolated membrane
patches, and what we infer from molecular genetic analyses of mutant plants. In my presentation, I
will summarize the above and describe our current efforts to integrate biophysical and genetic data
on mechanosensitive ion channels using mathematical modeling.
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VASCULAR SIGNALLING ROUTES FOR WOUND-INDUCED JASMONATE SYNTHESIS
Edward E. Farmer, Andrzej Kurenda and Chi Tam Nguyen
Plant Molecular Biology, University of Lausanne, 1015 Lausanne, Switzerland
Rapid jasmonic acid (JA) synthesis distal to leaf wounds requires long distance electrical signals.
These signals are attenuated when several clade 3 GLUTAMATE RECEPTOR-LIKE genes are mutated.
Surface electrical measurements revealed that the GLR proteins act as negative regulators of woundinduced membrane depolarization. Using a combination of genetics, cell biology and
electrophysiology we are attempting to understand how the GLRs operate in axial and radial wound
signalling. Our results currently support a two-tissue model where both phloem and xylem act in leafto-leaf signal propagation. Following the initial phase of wound-stimulated membrane depolarization
we found large cytosolic calcium fluxes that were differentially affected in the individual glr mutants.
Additonal insights are emerging from the manipulation of calcium transport capacities in
endomembranes in cell populations associated with electrical signalling.

32

[Invited 27]

FUNCTIONAL ROLES OF ZINC FINGER-INDUCED RNA G-QUADRUPLEX IN PLANT DEVELOPMENT
Ildoo Hwang
Department of Life Sciences, POSTECH Biotech Center, Pohang University of Science and Technology,
Pohang 37673, Korea
The emergence of a plant vascular system was a prerequisite for the colonization of land; however, it
is unclear how the transporting system was established during plant evolution. We have revealed
new regulatory modules for vascular development involving zinc-finger RNA-binding protein and RNA
G-quadruplex. RNA G-quadruplex affects RNA splicing and export, RNA stability, and translation. Zincfinger proteins bind to single-strand G-rich elements, and induce formation of RNA G-quadruplex.
The complex of RNA G-quadruplex and zinc-finger protein regulates key developmental stages in
plants, especially phloem and lateral root development, and flowering. We propose that RNA Gquadruplex induced by zinc-finger proteins is critical for growth and development of vascular plants.
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AUXIN AND CYTOKININ SYNERGISM REGULATES SECRETORY PATHWAY TO STEER
ELONGATION GROWTH
Andrej Hurný1, Candela Cuesta1, Nicola Cavallari1, Jerome Duclercq2, Juan Carlos Montesinos Lopez1,
Marcal Galemi Rovira1, András Gorzsás3 and Eva Benková1
1

Institute of Science and Technology, Austria
Université de Picardie Jules Verne, France
3
Department of Chemistry, Umeå University, Sweden
2

Plants as non-locomotive organisms constantly integrate varying environmental signals to flexibly
adapt their growth and development. Local heterogeneities in water and nutrients availability,
sudden changes in temperature, light or other stresses trigger dramatic changes in the plant growth
and development. Plant organs such as primary and lateral roots, hypocotyls and stems can rapidly
react to the environmental perturbations by modulating their growth kinetics. Role of hormonal
signaling cascades as essential endogenous translators of these exogenous signals in plant adaptive
responses is well established. Using a genome wide transcriptome profiling we identified a novel
component of auxin and cytokinin cross-talk, SYNERGISTIC AUXIN CYTOKININ 1 (SYAC1) whose
expression in roots is strictly dependent on both hormonal pathways. Detailed functional
characterization reveals that SYAC1 acts as a developmentally specific regulator of the secretory
pathway to control deposition of cell wall components and thereby rapidly fine tune elongation
growth of plant organs.
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FUNCTIONAL SPECIFICITY OF AUXIN TRANSPORTERS IN THE CONTROL OF SHOOT
BRANCHING SHOOT
Ottoline Leyser
Sainsbury Laboratory, University of Cambridge, United Kingdom
Plants are exquisitely environmentally responsive, dynamically adjusting their growth and
development according to the prevailing environmental conditions. We are using the regulation of
shoot branching as a model system to investigate the mechanisms underlying this developmental
plasticity. Shoot branching is regulated by an environmentally sensitive network of systemically
moving hormone signals, providing a rich source of information that can be locally interpreted to
determine branching behaviour. At the heart of this network is the auxin transport system. All active
shoot apices export auxin into the polar auxin transport stream, which transports it rootward. Thus
ultimately all shoot apices are in communication through their export of auxin into shared auxin
transport paths to the root. Competition between apices for these transport paths can explain a
range of phenomena in shoot branching, such as apical dominance. The shoot auxin transport system
involves diverse transporters and mounting evidence suggests that different transporters are
differentially sensitive to shoot branching regulatory signals, including auxin flux, cytokinin and
strigolactone. We are exploring the mechanistic basis and functional significance of this diversity.
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ETHYLENE AND ACC SIGNALING: NOVEL CALCIUM CONNECTIONS?
Erwan Michard, Wangshu Mou, Jennifer M. Shemansky, Dongjin Qing, Alexander A. Simon, John M.
Clay, Michael M. Wudick, Yun-Ting Kao, José Feijó, and Caren Chang
Department of Cell Biology and Molecular Genetics, University of Maryland, College Park, Maryland
20782 USA
We present our work on two different signals – one known for over a century, the other widely
unrecognized – and the unique involvement each signal appears to have with Ca2+. The gaseous
hormone ethylene is involved in numerous aspects of plant growth and development, but many
mechanisms of ethylene signaling remain unknown. In particular, we have only a partial
understanding of the molecular function of a key positive regulator, EIN2 (ETHYLENE
INSENSITIVE2). The EIN2 N-terminal domain has sequence similarity to Nramp metal ion
transporters, but the function of this domain has been unclear. We have obtained evidence that the
EIN2 Nramp-like domain is a proton-coupled antiporter capable of transporting Ca2+. Based on
an ein2 missense mutation that blocks transport, we conclude that the transport activity is required
for ethylene signaling, which is carried out by the cleaved EIN2 C-terminal domain. These findings
advance our understanding of ethylene signaling and provide the first example of an Nramp-like
protein that transports Ca2+. Our second story focuses on 1-aminocyclopropane-1-carboxylic acid
(ACC), which is known as the ethylene precursor in ethylene biosynthesis. ACC is often used in place
of ethylene treatment to study ethylene responses in plants. We discovered that ACC and ethylene
responses can be uncoupled in primary root growth and fertility in Arabidopsis. Unlike ethylene,
ACC in the sporophytic tissue of the ovule is required for the guidance of pollen tubes toward the
ovules. Furthermore, micromolar quantities of ACC activate Ca2+ currents in root protoplasts and
this activation is dependent on glutamate receptor-like (GLR) channels. We conclude ACC may be an
evolutionarily conserved plant hormone distinct from its role in ethylene biosynthesis, and that ACC
as an amino acid may be a ligand for GLR activation. These findings call for a reevaluation of the ACCbased ethylene literature.
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CONTRIBUTION OF TRAFFICKING TO ABA HOMEOSTASIS AND ABIOTIC STRESS RESPONSES
Inhwan Hwang
Division of Integrative Biosciences and Biotechnology and Department of Life Science, POSTECH,
Pohang, 790-784, Korea
The phytohormone, abscisic acid (ABA), plays a crucial role in adaptive responses to various abiotic
environmental stresses, as well as for plant growth and development. To elicit proper physiological
responses, ABA levels have to be adjusted to changing physiological and environmental conditions.
Thus, understanding the mechanism of how plants control the cellular ABA level is pivotal in
understanding the ABA-mediated adaptation responses to various abiotic stresses. Two opposing
processes, biosynthetic pathways and catabolic pathways, play key roles in controlling cellular ABA
levels. In addition, ABA transporters can contribute to controlling cellular ABA homeostasis.
Furthermore, because these transporters localize to the plasma membrane (PM) the levels of
transporters can be regulated as a means to control cellular ABA levels depending on environmental
conditions. We investigated this possibility using ABCG25, an ABA exporter, and found that indeed
the ABCG25 levels at the PM are regulated by abiotic stresses; high NaCl or high dehydration stress
facilitates endocytosis of ABCG25 from the PM to endosomes and then to the vacuole whereas high
levels of cellular ABA facilitated recycling of ABCG25 from the TGN/EE to the PM. We identified
clathrin and AP-2 that played important roles in endocytosis of ABCG25 from the PM whereas the
recycling is mediated by a monomeric clathrin adaptor ECA4 that localizes to the TGN/EE. Consistent
with these findings, AP2M mutants are sensitive to abiotic stress whereas ECA4 mutant are lesssensitive. Moreover, ABA-inducible genes were expressed at higher levels in eca4 plants.
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DEVELOPMENT OF THE EMBRYO-ENDOSPERM INTERFACE: TO STICK, OR NOT TO STICK
Gwyneth Ingram
Laboratoire Reproduction et Développement des Plantes, Université de Lyon, ENS de Lyon, CNRS,
INRA. France
The fertilization of the female gametophyte triggers two very different developmental pathways in
two adjacent cells of the female gametophyte. The egg cell gives rise to the diploid embryo, whereas
the central cell gives rise to the endosperm, which plays an important role in conducting nutrients
from maternal tissues to the embryo as it develops. Initially, the embryo and the early coenocytic
endosperm share a common cell wall. Subsequently, as the endosperm around the embryo
cellularises, a tightly regulated separation event occurs, which is critical for the invasive growth of
the embryo through the endosperm, and for the formation of the mature embryo surface. Recent
work aiming to understand the mechanisms underlying the formation of the endosperm-embryo
interface, and their developmental control, will be discussed. In particular the biogenesis of two
apoplastic structures, the embryo cuticle, and a newly described, extra-cuticular, endospermderived, structure called the embryo sheath, will be considered. The apparently independent roles of
the endosperm-specific transcription factor ZHOUPI in controlling the formation of the sheath and
cuticle will be discussed, as will data analysing developmental links between the two structures, and
with endosperm breakdown pathways. The aim will be to highlight the complexity of the endospermembryo interface, and the many remaining unanswered questions regarding the functional relevance
of this zone both during seed development, and at germination.
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EARLY OVULE ARCHITECTURE DETERMINES FEMALE GERM CELL FATE AND UNICITY IN
ARABIDOPSIS
Ethel Mendocilla-Sato1, Elvira Hernandez-Lagana2, Thomas Vain2, Gabriella Mosca1, Daniel
Grimanelli2, Daphné Autran2 and Célia Baroux1
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Department of Plant and Microbial Biology, Zürich-Basel Plant Science Center, University of Zürich,
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The somatic-to-reproductive fate transition is a key step during the plant life cycle and is marked by
the differentiation of germ cells initials committed to meiosis, or spore mother cells (SMCs). In
Arabidopsis, the female SMC differentiates at a unique apical, sub-epidermal position within the
ovule primordium. The observation that different genetic backgrounds can develop multiple SMCs
suggests a relative plasticity in SMC specification and unicity. Despite recent progress in
understanding the genetic and epigenetic contributions to female SMC fate establishment, the
possible influence of ovule growth constraints remains unknown. We are addressing this question by
combining 3D quantitative imaging, modelling and functional approaches. We established a detailed
3D growth atlas of ovule primordium development at cellular resolution from emergence until stage
2-I. This serves as a basis to formulate patterning rules, which are tested using mutants, affected
either in cellular parameters of growth or in SMC fate.
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VACUOLES – PUMPING UP THE PLANT VOLUME
Karin Schumacher
Centre for Organismal Studies (COS), Heidelberg University, Germany
Plant architecture follows the need to of collect CO2, solar energy, water and mineral nutrients via
large surface areas. The presence of a central vacuole that fills much of the cell volume allows plants
to grow large at low metabolic cost and in addition enables them to buffer the fluctuating supply of
essential nutrients and help to detoxify the cytosol when plants are challenged by harmful
molecules. All vacuolar functions require the combined activity of two proton-pumps, the vacuolar
H+-pyrophosphatase (V-PPase) and the vacuolar H+-adenosinetriphosphatase (V-ATPase) that
provide the energy for secondary active transport and the acidic millieu required for digestive
functions. Despite the large size and multiple important functions of plant vacuoles, our knowledge
of their biogenesis and the machinery underlying their amazing dynamics is still fragmentary. In my
presentation, I will discuss our recent findings regarding the redundant and specific roles of the two
proton-pumps as well as their direct trafficking route from the ER to the tonoplast revealing
important aspects of vacuole biogenesis and its coordination with cell growth.
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MEETING THE DEADLINE: THE MOLECULAR REGULATION OF PROGRAMMED CELL DEATH
DURING PLANT DEVELOPMENT
Moritz Nowack
Department of Plant Biotechnology and Bioinformatics, Ghent University, Belgium.
VIB-UGent Center for Plant Systems Biology, Belgium.
Programmed cell death (PCD) is a fundamental cellular process leading to the actively organized
suicide of a cell. An abundance of cell death processes occur throughout plant development and
during the plant’s responses to biotic and abiotic stresses. Evidence suggests that the correct
initiation and execution of PCD is crucial for plant growth, reproduction, and fitness. In comparison
to some types of animal PCD such as apoptosis, still only little is known about the molecular
regulation of PCD in plants.
We investigate the molecular regulation of cell death processes during vegetative and generative
plant development. We have taken a meta-analysis approach on an extensive compendium of cell
death related publicly available transcriptome data sets. Our results suggest that there is little
conservation between environmentally induced cell death (ePCD) and developmentally controlled
cell death (dPCD) processes on the gene regulation level. However, there exists a core of genes that
are commonly upregulated between different established and putative dPCD types. Taking these
putative dPCD marker genes as a lead, we have established a set of dPCD model systems to
investigate both conserved as well as distinct molecular pathways controlling dPCD in plants.
PCD still being a frontier of plant developmental research, we are focusing on tackling unresolved
fundamental questions about the regulation of developmental PCD in plants: How do cells acquire
PCD competency during differentiation? Which cell physiological signals trigger PCD execution at just
the right moment? What are the actual mechanisms that disrupt the vital functions of a plant cell?
We are obtaining answers to these questions through a comprehensive strategy combining cell-type
specific transcriptomics, forward and reverse genetics, advanced live-cell imaging, biochemistry, cell
physiological approaches, and computational modeling.
Fundamental research on plant PCD will not only enable us to understand cell death as a central
biological principle, but also create new leads to tap the so far underexploited potential of PCD in
agricultural applications.
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EPIGENETIC REGULATION OF TRANSPOSABLE ELEMENTS DRIVES PLANT SPECIATION
German Martinez1, Philip Wolff1, Zhenxing Wang1, Jordi Moreno-Romero1, Hua Jiang1, Juan SantosGonzález1, Keith Slotkin2, Claudia Köhler1
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Linnean Center for Plant Biology, Uppsala, Sweden
2
Department of Molecular Genetics and Center for RNA Biology, The Ohio State University,
Columbus, Ohio, USA
Polyploidization is a widespread phenomenon among plants and is considered a major speciation
mechanism. Polyploid plants have a high degree of immediate post-zygotic reproductive isolation
from their progenitors, as backcrossing to either parent will produce mainly nonviable progeny. This
reproductive barrier is called triploid block and it is caused by malfunction of the endosperm. Our
work revealed that paternal epigenetically activated small interfering RNAs (easiRNAs) are
responsible for the establishment of the triploid block-associated seed abortion in Arabidopsis
thaliana. Paternal loss of the plant-specific RNA polymerase IV suppressed easiRNA formation and
rescued triploid seeds by restoring small RNA-directed DNA methylation at transposable elements,
correlating with reduced expression of paternally expressed imprinted genes. Our data suggest that
easiRNAs form a quantitative signal for chromosome number and their balanced dosage is required
for post-fertilization genome stability and seed viability. Our data reveal a striking analogy of
easiRNAs in establishing the triploid block with Piwi-interacting RNAs in hybrid dysgenesis in flies. In
both models, TE-derived small RNAs transmit epigenetic information transgenerationally, pointing to
a conserved role of TE-derived small RNAs in assessing gamete compatibility.
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HISTONE VARIANTS IMPACT ON THE CHROMATIN LANDSCAPE
Fred Berger
Gregor Mendel Institute, Austrian Academy of Sciences, Vienna Biocenter, Austria
In addition to histone modification and DNA methylation, chromatin composition varies with
localized enrichment in variant of H3 and H2A core histones. We are studying the function and
properties conferred by these variants to nucleosomes and specific domains of chromatin. Patterns
of gene expression through the cell cycle requires prompt restoration of epigenetic marks after the
dilution caused by DNA replication. We showed that the variant H3.1 is essential for maintenance
and propagation of the transcriptional repressive mark histone H3 lysine 27 trimethylation
(H3K27me3), illustrating the important role played by histone variants in epigenetic regulation of
transcription (Jiang and Berger, 2017). New data will be presented on the role of H3 variants in
reprogramming transcription.
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DNA METHYLATION IN ARABIDOPSIS
Steven Jacobsen
Howard Hughes Medical Institute and Department of Molecular Cell and Developmental Biology,
University of California Los Angeles, USA
Our laboratory is using genetic and genomic techniques to study cytosine DNA methylation and gene
silencing in the model plant Arabidopsis thaliana. The initiation of DNA methylation requires the DNA
methyltransferase DRM2 which is guided by 24 nucleotide small RNAs and longer non-coding Pol V
RNAs in a pathway called RNA directed DNA methylation. Maintenance methylation is achieved by
four different DNA methyltransferases that collaborate with histone modification and non-coding
RNAs to maintain methylation in three different sequence contexts, CG, CHG and CHH. Because of
these robust maintenance pathways, DNA methylation changes are often heritable and form the
basis of epialleles affecting a number plant traits. Our lab is developing tools to target both
methylation and demethylation in a gene specific manner in order to create new epialleles or to fix
epigenetic problems that arise during transgenesis. Data on these evolving tools will be presented.
Keywords. DNA methylation. Gene silencing. RNA silencing.
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THE DYNAMICS OF ROOT CAP SLOUGHING IN ARABIDOPSIS IS REGULATED BY PEPTIDE
SIGNALING
Reidunn Birgitta Aalen
Department of Biosciences, University of Oslo, Norway
The root cap provides protection for the root apical meristem (RAM) and senses environmental
conditions. The RAM encompasses stem cells, surrounding the Quiescent Centre, both for the tissues
of the root proper, and for the root cap. Although both forms of stem cells continuously produce new
cells, the root cap has a defined size, which implies that there must be a homeostatic balance
between generation and loss of root cap cells. The Arabidopsis root cap distal to (below) the QC,
consists of a core of 5-6 tiers of gravity-sensing columella cells (COL) surrounded by layers of lateral
root cap (LRC) cells. The LRC extends to cover the meristematic zone (MZ), and there the outermost
layer regularly undergoes programmed cell death (PCD) and is replaced by a new LRC layer
developing underneath the old one.
Shedding of the distal root cap is a cell-separation process with cell wall break-down similar to what
is found during flower or fruit abscission, with the important exception that root cap sloughing is a
recurrent event in the same organ. Thus, the challenge is to compensate for each lost root cap layer
by generation of a new to maintain a constant number of attached layers of COL cells. This obviously
requires communication between old separating layers and COL and LRC stem cells, as well as a
sequential coordination of generation, maturation and separation of root cap cells. We have
identified the peptide ligand IDA-LIKE1 (IDL1) and the leucine-rich repeat receptor-like kinase HAESALIKE2 (HSL2) mediating such communication (Shi et al., Nature Plants 2018). IDL1 is closely related to
the INFLORESCENCE DEFICIENT IN ABSCISSION (IDA) peptide which regulates floral organ abscission
and facilitates lateral root emergence, and signals through HSL2 and the closely related HAESA
receptor. Enhanced expression of IDL1 in the outermost separating layers at the tip increased the
frequency of sloughing, and induced a higher frequency of stem cell divisions, both in a HSL2dependent manner. Live imaging, tracking the tip of the growing root for several days, transcriptome
analyses and use of marker lines has allowed us to detail the sloughing process.
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LEARNING AND EXPANDING ON THE ARABIDOPSIS MODEL FOR SHOOT MERISTEM
FEEDBACK REGULATION
Dave Jackson
Cold Spring Harbor Laboratory, Cold Spring Harbor, New York 11724, USA
Plant growth depends upon meristems, pools of stem cells that are maintained in a number of ways,
including a negative feedback loop between the CLAVATA pathway and a homeodomain
transcription factor, WUSCHEL. CLAVATA signaling involves a secreted peptide, CLAVATA3 (CLV3),
and its perception by cell surface leucine-rich repeat (LRR) receptors, including the CLV1 receptor
kinase, and an LRR receptor-like protein, CLV2. We are interested in finding novel players in the CLVWUS pathway using maize as a model system, as well as new regulators that could affect meristem
size in parallel pathways. Maize is an excellent system for these studies, because there are many
clavata- type mutants. For example, we isolated the gene responsible for the classical compact
plant2 (ct2) mutation, and found it encodes the predicted α subunit (Gα) of a heterotrimeric GTP
binding protein. ct2 mutants have meristem overproliferation, and we found that CT2/Gα signaling
transmits a stem cell restrictive signal from a maize CLAVATA LRR receptor, suggesting a new
function for Gα signaling in plants.
We also characterized a new CLV- related receptor, FASCIATED EAR3 (FEA3), that appears to function
in in parallel to control meristem size. We found that FEA3 responds to a CLV3-related ligand that is
expressed in differentiating cells, so it could provide a different feedback to the meristem that is
complementary to the known CLV-WUS feedback, and computational modeling suggests the 2
pathways interact. I will discuss the functions of these new pathways, as well as their potential use in
improvement of crop yields, for example through enhancing seed number. An open question is
whether maize meristem signaling is more complex, or are there some players that have not been
found in Arabidopsis due to genetic redundancy?
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[Invited 41]

ENGINEERING PLANT SIGNAL TRANSDUCTION FOR WATER SMART CROPS
Sean Cutler
University of California Riverside, USA
Plant hormones are a structurally diverse collection of small molecules that control plant growth,
development, and environmental responses. Work over the past two decades has established that
many plant hormones directly stabilize protein-protein complexes and act analogously to chemical
dimerization agents, which were first described for the immunosuppressants rapamycin, FK506, and
cyclosporin. For example, abscisic acid (ABA), which regulates plant transpiration, stabilizes a
complex between soluble ABA receptors and downstream phosphatases; the ABA-induced complex
inhibits phosphatase activity, which in turn derepresses downstream kinases and activates signaling. I
will describe my lab’s work in on this sensing module and our efforts to design both synthetic ABA
receptor agonists and engineer receptors with altered ligand binding properties. I will describe a
newly agonist with unprecedented potency and persistence and our design of a new PYR1/PP2Cderived orthogonal dimerization module that is insulated from endogenous signaling components
and controlled by a non-native agrochemical. This engineered dimerization module provides a simple
platform technology for programming crops with agrochemically controlled traits.
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[Invited 42]

PHOSPHORYLATION DYNAMICS OF A RECEPTOR KINASE COMPLEX IN PHOSPHOREGULATION OF TRANSPORT PROCESSES AT THE PLASMA MEMBRANE
Liangcui Chu1, Xuna Wu1, Heidi Pertl-Obermeyer2, Clara Sanchez-Rodriguez3, Gerhard Obermeyer2,
Waltraud Schulze1
1

University of Hohenheim, Germany, 2University of Salzburg, Austria, 3ETH Zürich, Switzerland

The transmembrane receptor kinase family is the largest protein kinase family in Arabidopsis, and it
contains the highest fraction of proteins with yet uncharacterized functions. At the same time, largescale phosphoproteimics has reveal a vast number of conditional phosphorylation sites for
transporters and channels. Some of these site could be assigned an activating or inactivating
function, while the functional role of other sites remained to be elucidated. However, often the
regulatory kinase to phosphorylate these transporters and channels are still unknown.
In the past years we intensively focused on identification of (receptor)kinases which regulate
transport processes at the plasma membrane through phosphorylation of regulatory sites in
transport proteins. Using a combination of single and double knockout mutants of kinases, phosphoprofiling and activity measurements, we present the functions of a receptor-kinase complex which
regulates aquaporins.
A receptor kinase with short external domain (QSK1) was found to interact with and is transphosphorylated by SUCROSE-INDUCED RECEPTOR KINASE (SIRK1) upon external sucrose treatment.
Here, we focused on the QSK1-dependent dynamic membrane phase distribution of target proteins
and study the activation mechanism of the SIRK1-QSK1 complex. By comparative analysis of
DRM/DSM protein distribution patterns, aquaporins in the qsk1 mutant were found to remain
enriched in DRM fractions for longer times after stimulation than in wild type. This was associated
with a longer maintenance of aquaporin C-terminal phosphorylation. Consequently, in root
protoplast swelling assays, the qsk1 mutant showed increased water influx rates under iso-osmotic
sucrose stimulation, suggesting that depletion of aquaporins from membrane microdomain
depended on functional QSK1. Our results show that aquaporins were regulated by phosphorylation
and by dynamic distribution between membrane phases depending an activated receptor kinase
complex of SIRK1 and QSK1. QSK1 thereby acts as a co-receptor stabilizing and enhancing SIRK1
activity and recruiting substrate proteins.
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[Invited 43]
IS BRASSICA JUNCEA THE NEW ROBUST OILSEED CROP THAT CAN RESIST GLOBAL
WARMING?
Barbara Ann Halkier1, Hussam Nour-Eldin1, Svend Roesen Madsen1, Morten Egevang Jørgensen1,
Steven Engelen2 and Peter Denolf2
1

DynaMo Center of Excellence, Department of Plant and Environmental Sciences Faculty of Science,
University of Copenhagen, Thorvaldsensvej 40, 1871 Frederiksberg C, Denmark
2
Bayer CropScience NV, Innovation Center, Technologiepark 38, 9052 Zwijnaarde, Belgium
Anti-nutritional factors represent a common and ancient problem in agriculture as they often
accumulate in edible parts of crops and thereby reduce their nutritional value. For example, seeds
from Brassica crops contain healthy oil for human consumption and high quality protein for animal
feed, but also toxic defense compounds, the glucosinolates, that severely reduce economic potential
of large scale cultivation1. Recently, we showed that by mutating two glucosinolate transporters
(AtGTRs) it was possible to eliminate glucosinolates from seeds of the model plant Arabidopsis
thaliana. However, translation of loss-of-function phenotypes is challenging due to the polyploidy of
Brassica crop genomes. As an example of translational biology, we show that mutating a small subset
of GTR2 orthologs is sufficient to reduce seed glucosinolate levels by 60-70% in two different Brassica
species (B. rapa and B. juncea). The strong reduction was stably inherited over multiple generations
and maintained in field trials. Thus, we have successfully translated the gtr loss-of-function
phenotype from a model plant to Brassica crops and provide a novel and potentially generic
transport engineering approach for reducing seed glucosinolate content in other oilseed crops.
Nour-Eldin HH et al. (2017) Reduction of antinutritional glucosinolates in Brassica oilseeds by mutation of genes encoding
transporters. Nat Biotechnology, 35, 377-382
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[40] THE GENETICS AND MECHANICS OF SHOOT APICAL STEM CELLS
Léa Rambaud-Lavigne1, Simone Bovio1, Virginie Battu1, Arezki Boudaoud1, Pradeep Das1
1

Laboratory of Reproduction and Development of Plants (RDP), Lyon, France

Plants self-renew and develop post-embryonically. A key part of this capacity for self-renewal resides in
meristems, which host a group of stem cells that provide cells for differentiation and organogenesis. The shoot
apical meristem (SAM) located at the shoot tip gives rise to all above-ground organs.
The key genes regulating SAM establishment and homeostasis are well-studied. Briefly, the stem cells express
the CLAVATA3 (CLV3) gene, which encodes a secreted peptide that binds to membrane-bound kinase
receptors, leading to the repression of the transcription factor WUSCHEL (WUS), which is itself expressed in the
underlying organizing center. In turn, WUS directly activates the expression of CLV3 and this subtle balance
between the two molecules restrains the stem cell pool. The loss of CLV3 activity leads to an increase in SAM
size, and conversely, the loss of WUS activity abolishes the SAM.
By coupling atomic force microscopy (to probe cell wall rigidity) and confocal microscopy (to determine cell
identity), we showed that stem cell identity correlates both spatially and temporally with increased stiffness at
the cellular level. We have since shown that clv3 mutants have mechanical and cellular defects, in addition to
tissular defects. Surprisingly, the stiffness pattern in clv3 SAMs is heterogeneous instead of being
homogeneously stiff, as expected for stem cells. Indeed, many studies consider the clv3 phenotype as the
result of stem cell over-proliferation, but our data rather suggest that the clv3 SAM is not mechanically
homogeneous. Additionally, RNA in situ hybridization of genes expressed in different subdomains of the SAM
showed that clv3 SAMs have mixed identities.
In this context, we aim at re-examining the CLV3-WUS dogma of stem cell homeostasis. Thus, we are studying
how SAM morphometric parameters are influenced by genetic and mechanical properties, which might be a
new parameter to study stem cells.
Yes

[52] EXTENSIVE CROSSTALK BETWEEN PHYTOHORMONE SIGNALING PATHWAYS REVEALED BY A
SYSTEMATIC NETWORK MAP
Melina Altmann1, Stefan Altmann1, Pascal Falter-Braun1 2
1

Helmholtz Zentrum Müchen, Institute of Network Biology, Neuherberg, Germany, 2Ludwig-MaximiliansUniversität München, Chair of Microbe-Host Interactions, München, Germany
In times of climate change, a deep understanding of environmental adaptations is becoming more critical, with
phytohormones in particular playing a unique and important role. There is extensive knowledge about single
phytohormone signaling pathways but information about signal integration among all phytohormone pathways
is still incomplete. In order to identify points of signal integration we experimentally generated a systematic
map of phytohormone-protein interactions by using our well established Y2H based interactome mapping
pipeline.
For the protein-interaction network map, 1,200 proteins were selected based on direct genetic evidence or on
membership in a plant protein family that contains many phytohormone-signaling proteins. These 1,200
proteins were screened against each other and against a collection of 12,000 Arabidopsis ORFs to generate the
phytohormone interactome, which resulted in 1,034 interactions among 586 proteins.
For most of the phytohormones in this phytohormone interactome map we were able to identify functional
modules and direct connections between these modules suggests numerous hypotheses for hormonal signal
integration, some of which we validated.
For a deeper understanding of phytohormone-triggered signaling events, individual soluble hormone receptors
were screened for interactions in the presence and absence of the respective phytohormones. Some hormonedependent interactions point to a highly dynamic and complex signaling connectivity. These experiments
revealed extensive cross talk and complex regulatory patterns even within gene families, which we suggest to
have multiple influences in developmental changes through environmental signals.
In conclusion, with our systematic phytohormone network map we are able to identify extensive crosstalk
between the single phytohormone pathways that lead to a better understanding of plant adaption to
environmental changes.
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[57] A NOVEL SHORT PEPTIDE REGULATES THE IRON-DEFICIENCY RESPONSE GENES IN ARABIDOPSIS
Takashi Hirayama1, Gui Jie Lei2, Naoki Nakagawa3, Naoki Yamaji2, Jian Feng MA2
1

Okayama Univerisity, Group of Environmental Response System, IPSR, Kurashiki, Japan, 2Okayama University,
Group of Plant Stress Physiology, IPSR, Kurashiki, Japan, 3Hiroshima University, Graduate School of Biosphere
Science, Hiroshima, Japan
Iron is one of the most important metals for all organisms. Heterotrophs including human are dependent their
iron acquisition on autotrophs such as plants. Plants take up iron via the roots from soil and distribute it to
maintain the iron homeostasis with unknown cell-to-cell communicating system. Through transcriptome
analysis with an Arabidopsis mutant, ahg2-1, defective in the mitochondrial mRNA regulation, we found that
ahg2-1 has higher expression levels of the iron-deficiency response genes. Indeed the ahg2-1 mutant had a less
heme level presumably due to the defect in mitochondrial function. The transcriptome data also showed that
novel genes with an ability to encode a short peptide were highly expressed in this mutant. Notably, the
expression of one of these genes, named as FEP1, was sufficient to induce iron-deficiency responsive genes
such as bHLH38, bHLH39, IRT1, and FRO2, and moreover actually induced iron accumulation in planta. Analysis
with various recombinant FEP1 confirmed that the encoded peptide, but not FEP1 RNA, was responsible for
this activity. We also demonstrated that the activation of bHLH39 by FEP1 was independent of FIT, a key
transcription factor in the iron-deficiency response. The expression of FEP1 was induced under iron-deficient
conditions and was observed in the vascular tissues of the leaves and roots, as well as in leaf mesophyll cells. In
addition, the fep1 mutants exhibited an impaired systemic iron-deficiency response. Taken together, our
results indicate that FEP1 functions in systemic iron homeostasis through a previously undescribed regulatory
mechanism for iron-deficiency responsive genes in Arabidopsis.
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[59] INVESTIGATING THE REGULATORY ROLE OF NBR1 FOR THERMOMEMORY IN ARABIDOPSIS

THALIANA
Venkatesh Periyakavanam Thirumalai Kumar1 2, Mastoureh Sedaghatmehr2, Michal Gorka3, Salma Balazadeh2
1

University of Potsdam, University of Potsdam, Institute of Biochemistry and Biology, , Potsdam-Golm, ,
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2
Max-Planck Institute of Molecular Plant Physiology,, Molecular Physiology, Stress control networks, PotsdamGolm, Germany
3
Max-Planck Institute of Molecular Plant Physiology,, Molecular Physiology, Potsdam-Golm, Germany
Heat stress (HS) is one of the major threats to plant growth and productivity. Experimental evidence suggests
that plants have a memory for HS (thermomemory). Pre-exposure of plants to high, but non-lethal
temperature (thermopriming) enables them to perform more efficiently upon future, severe HS through the
acquisition of memory (formation and maintenance of the acclimated state). However, the molecular
mechanisms underlying the formation, duration and resetting of stress memories remain largely unexplored.
Recently, our lab identified a novel role of autophagy for the regulation of thermomemory in Arabidopsis
thaliana. Autophagy is an evolutionarily conserved and dynamic recycling process critical for maintaining
cellular energy homeostasis. While it has been considered for a long time that autophagy is a bulk degradation
process, recent advances provide evidence that autophagy can be highly specific.
Here, we identified NBR1 (Neighbor to BRCA1), a receptor for selective autophagy, as a regulator of
thermomemory in Arabidopsis. Mutants lacking NBR1, nbr1-1, revealed better thermomemory behavior than
Col-0, measured by seedling survival rate and fresh weight.
Gene expression and immunoblot analysis showed higher accumulation of NBR1 transcripts and protein levels
during the thermomemory phase. Moreover, through confocal microscopy, accumulation of NBR1 bodies and
an enhanced activity of NBR1 were determined during the thermomemory phase. Furthermore, we show the
involvement of autophagy in the degradation of NBR1 during the thermomemory using colocalization and in
planta protein interaction studies (e.g., bimolecular fluorescence complementation, BiFC and coimmunoprecipitation, co-IP) analysis.
To validate the pivotal role of NBR1 during the thermomemory, we are currently carrying out experiments to
identify novel substrates of NBR1. Together, our study highlights a critical role of NBR1 for selective
degradation of proteins by autophagy in Arabidopsis. Recent data will be shown.
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[74] HAS THE IMPACT OF ENDOREDUPLICATION ON CELL SIZE NOT BEEN OVERESTIMATED?
Hirokazu Tsukaya1 2
1

The University of Tokyo, Graduate School of Science, Tokyo, Japan
National Institutes of Natural Sciences, Bio-Next project, Exploratory Research Center on Life and Living
Systems, Aichi, Japan
2

It has been discussed that endoreduplication-dependent increase of the nuclear ploidy level is somewhat
tightly linked to increased cell volume. Indeed, a search for publications by combining the key words
“endoreduplication”, “cell size” and “Arabidopsis”, resulted in 203 hits at the Web of Science database.
However, our recent studies revealed that the relationship between ploidy levels and cell size is not that
simple. In fact, we found that while epidermal cells showed a good correlation between their size and
endoreduplication level, palisade cells did not (Katagiri et al., 2016, Kawade and Tsukaya, 2017). In my present
study, metadata analyses further indicated that the observed cell size phenotypes are much stronger than
expected from changes in the ploidy profile in a number of previous studies. This discrepancy was overlooked,
at least in part, because most studies used endoreduplication index (EI) as an indicator of the level of
endoreduplication. Provided that EI simply indicates the average numbers of endocycles, it does not always
point to the average cell size in the observed tissue. Again, by calculating the relative cell size expected from
the endoreduplication profile, we found that cell size does not match with the expectation in nearly all data
published so far. Thus, this fact urges us to reconsider the impact of the endoreduplication-dependent ploidy
increase on cell size changes.
References:
Katagiri et al. (2016) Development 143: 1120-1125. doi:10.1242/dev.130021
Kawade and Tsukaya (2017) PLOS ONE 12: 9, 10.1371/journal.pone.0185050
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[79] THE ACCUMULATION OF 3'-PHOSPHOADENOSINE 5'-PHOSPHATE DELAYS CIRCADIAN PERIOD
Matt Jones
University of Essex, United Kingdom
The circadian system optimizes cellular responses to stress, but the signaling pathways that convey the
metabolic consequences of stress into this molecular timekeeping mechanism remain unclear. Redoxregulation of the SAL1 phosphatase during abiotic stress initiates a signaling pathway from chloroplast to
nucleus by regulating the accumulation of a metabolite, 3’-phosphoadenosine 5’-phosphate (PAP). PAP
consequently accumulates in response to redox stress and inhibits the activity of exoribonucleases (XRNs) in
the nucleus and cytosol. We demonstrate that osmotic stress induces a lengthening of circadian period and
that genetically inducing the SAL1-PAP-XRN pathway in plants lacking either SAL1 or XRNs similarly lengthens
circadian period. Exogenous application of PAP is also sufficient to extend circadian period. Thus, SAL1-PAPXRN signaling likely functions to regulate circadian rhythms in response to redox stress. Our findings exemplify
how two central processes in plants, molecular timekeeping and responses to abiotic stress, can be interlinked
to regulate gene expression.
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[93] MOLECULAR MECHANISMS OF FLORIGEN INDUCTION IN PHOTOPERIODIC FLOWERING UNDER
NATURAL LONG-DAY CONDITIONS
Young Hun Song1, Akane Kubota2, Michael Kwon2, Michael Covington3, Nayoung Lee2, Ella Taagen2, Dianne
Laboy Cintrón2, Dae Yeon Hwang1, Reiko Akiyama4, Sarah Hodge5, He Huang6, Nhu Nguyen2, Dmitri Nusinow6,
Andrew Millar5, Kentaro Shimizu4, Takato Imaizumi2
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Many plants utilize day-length (=photoperiod) information to control various
seasonal responses for survival and reproduction. Among these, flowering regulation in Arabidopsis is the most
characterized photoperiodic response at the molecular level. Photoperiod and temperature information is
processed through a circadian clock-dependent cascade of events to induce the expression of the florigen gene
FLOWERING LOCUS T (FT) around dusk on long days (LD), which leads to seasonal flowering. However, it
remains unknown whether the current model of photoperiodic flowering regulation can recapitulate the major
mechanisms that regulate seasonal flowering under complicated natural environments. In my presentation, I
will show the existence of a previously uncharacterized regulation of florigen induction in natural LD, and our
attempt for elucidating its regulatory mechanism using lab growth conditions optimized to plant responses in
nature. Plants grown in natural LD expressed FT highly in the morning, in addition to having a dusk peak,
creating a unique bimodal pattern. We demonstrated that adjusting our lab growth conditions with a red/farred light ratio similar to natural sunlight and with daily temperature oscillation was sufficient to mimic the
bimodal FT expression and flowering time observed in natural LD. In addition, we found that the key
components in red/far-red light signaling, such as phytochrome A (phyA) and EARLY FLOWERING 3 (ELF3), play
important roles in regulating morning FT expression. These adjusted conditions also stabilize CONSTANS (CO)
protein, a major FT activator, in the morning, which is likely an important mechanism for inducing morning FT
in natural LD. Refining specific parameters in our standard growth conditions that more precisely mimic plant
responses in nature can provide powerful methods to improve our understanding of the mechanisms
underlying not only seasonal flowering regulation but also other biological events that occur in constantly
changing natural environments.
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[99] THE MOLECULAR ASPECTS OF SEED DORMANCY CYCLING UNDER FIELD CONDITIONS IN
ARABIDOPSIS THALIANA
Gonda Buijs1, Leónie Bentsink1
1

Wageningen University & Research, Plant Physiology, Wageningen, Netherlands

Seed dormancy is defined as the inability of a viable seed to germinate, even though all germination conditions
are met. In nature, seed dormancy ensures correct timing of germination (e.g. after a long period of cold, not
on a warm day in the middle of winter) and is essential to ensure seedling establishment. In agriculture,
dormancy-related issues are pre-harvest sprouting and non-uniform germination. Seed dormancy has been
studied extensively, but the molecular basis still remains largely unclear. Moreover, seed dormancy is an
adaptive trait but is usually studied during seed dry storage, conditions that are contrasting to the moist
environment that seeds encounter under natural conditions. We studied the physiological and molecular
aspects of seed dormancy under natural conditions by soil seed bank experiments. Contrasting with dry
storage, in the soil seed bank seeds seasonally enter and exit the dormant stage (dormancy is induced in
autumn and released during spring). This is called dormancy cycling. We have performed an RNAseq
experiment on one full dormancy cycle of the Arabidopsis thaliana accession Landsberg erecta. Results are
presented and discussed in the context of seed germination with the aid of previously performed
transcriptomic studies.
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[107] TOMATO ROOTS IN DROUGHT - FROM BIG DATA TO REGULATION OF CELL TYPE
DEVELOPMENT
Kaisa Kajala1, Donnelly West2, Alise Žvigule1, Niba Nirmal3, Alan Rodriguez3, Neelima Sinha2, Siobhan Brady3
1
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Tomato (Solanum lycopersicum) is economically the most important vegetable crop world-wide.
Although tomato is cultivated in the field in hot environments, it is sensitive to drought. In contrast,
tomato wild relative S. pennellii is drought-tolerant. We set out to study how drought is integrated to
S. lycopersicum cv. M82 and S. pennellii root cellular anatomy and cellular development. Furthermore,
to elucidate the molecular events underlying the developmental programs of the cell types, we
generated marker lines and cell type-specific gene expression profiles in control and water-deficit
conditions. The marker lines utilized eleven different cell and tissue type-specific promoters and two
different transgenic tags; a nuclear-envelope tag for Isolation of Nuclei Tagged in specific Cell-Types
(INTACT) and a polysome tag for Translating Ribosome Affinity Purification (TRAP). We used these
techniques to isolate nuclei and polysomes in cell type-specific fashion and to subsequently profile
different levels of regulation of gene expression: the nuclear chromatin accessibility and the
ribosomal transcriptome (“translatome”).
Both S. lycopersicum and S. pennellii roots have exodermis, a barrier cell type absent in Arabidopsis.
The exodermis is the outermost cortex layer with lignin and suberin deposited to the cell wall to
provide the barrier functionality. We found that S. lycopersicum exodermis suberization increased in
10-day water deficit treatment, providing protection for the root against water loss. Interestingly, the
drought-tolerant S. pennellii has a constitutively highly suberized exodermis and we observed no
change in suberization in response to water deficit. Using the cell type-specific translatome data, we
have identified a putative suberin biosynthesis pathway as well as putative regulators of the droughtresponsive exodermis suberization. We are currently testing the gene function of the top regulatory
candidates, two MYB transcription factors, through ectopic expression and genome editing in tomato.
Yes
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[108] ROLE OF HISTONE HTR6 IN THE ABIOTIC STRESS RESPONSE OF ARABIDOPSIS THALIANA
Ana Sofia Madeira1, Sofía Otero2, José Franco-Zorrilla3, Bénédicte Desvoyes4, Crisanto Gutierrez5
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Histones and DNA are main elements of chromatin structure that can be modulated depending of the cell
needs during plant growth and development. Histones composition dynamically influences chromatin states,
which subsequently regulates processes such as gene expression and DNA replication. Histone H3, including
canonical H3.1 and variant H3.3, are crucial for cell proliferation and differentiation during Arabidopsis
development (Otero el al., 2016). We have focused on a histone three related (HTR) protein, HTR6, of unknown
function. HTR6 encompasses an amino acidic chain more similar the variant H3.3 that is present in actively
expressed regions (Stroud et al., 2016; Wollmann et al., 2012), suggesting that HTR6 could also be important to
regulate expression patterns. To decipher the role of HTR6 we have generated GFP-tagged versions of HTR6.
Based on its expression domain and live imaging experiments we found that HTR6 expression is restricted to a
subset of cells inside the transition zone (TZ) of the Arabidopsis root under stress conditions.
Immunohistochemical assays indicated that HTR6 is associated with S-phase, a pattern typical of the canonical
H3.1. Current experiments are aimed at identifying the HTR6 target genes and to determine the phenotypes of
plants lacking a functional HTR6. Together, our results strongly point out HTR6 as a potential player during
abiotic stress response in Arabidopsis. Since plants are constantly exposed to environmental stresses,
frequently aggravated by the changing climate, understanding the functional relevance of HTR6 is of high
priority for plant growth and developmental regulation.
References:
Otero, S., et al. (2016) Histone H3 Dynamics Reveal Domains with Distinct Proliferation Potential in the
Arabidopsis Root. Plant Cell. 28(6):1361-71.
Wollmann, H., et al. (2012) Dynamic deposition of histone variant H3.3 accompanies developmental
remodeling of the Arabidopsis transcriptome. PLoS Genet. 2012;8(5):e1002658.
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[109] GATING OF SMALL RNA MOVEMENT AT DEFINED CELL-CELL INTERFACES GOVERNS THEIR
IMPACT AS POSITIONAL SIGNALS
Kris Hill1, Simon Klesen 1, Damianos Skopelitis2, Marja Timmermans1 2
1
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Mobile small RNAs serve as local positional signals in development and coordinate stress responses
across the plant. Despite its central importance, an understanding of how the cell-to-cell movement
of small RNAs is governed has been lacking. Using a fluorescence-based sensor system, we show that
small RNA mobility is precisely regulated through a gating mechanism acting at defined cell-cell
interfaces. This generates directional movement between neighbouring cells that limits long-distance
shoot-to-root trafficking, and underpins domain-autonomous behaviours of small RNAs within stem
cell niches. We further show that the gating of small RNA mobility occurs independent of mechanisms
controlling protein movement, identifying the small RNA as the mobile unit. These findings reveal the
presence of gate-keepers in cell-to-cell small RNA mobility that generate selectivity in long-distance
signalling, and help safeguard functional domains within dynamic stem cell niches while mitigating a
‘signalling gridlock’ in contexts where developmental patterning events occur in close spatial and
temporal vicinity. Furthermore, we used our sensor system to screen for factors necessary for the
regulation of miRNA movement, and will present several putative miRNA mobility mutants.
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[125] NATURAL ADAPTATION OF ARABIDOPSIS THALIANA TO SOILS WITH MODERATE CARBONATE
LEVELS
Laura Perez Martin
Universitat Autònoma de Barcelona, Spain
A large-scale sampling throughout Catalonia located wild populations of Arabidopsis thaliana exclusively on
siliceous soils and not on limestone. The soils had low carbonate contents around 2.8% (coastal habitats) to
14.8% (inland habitats) and under our Mediterranean climate conditions the soil pH of A. thaliana habitats
ranged from 6.2 to 7.5. In order to see whether such relative small ranges have led to divergent selection, we
performed multi-year field garden experiments on siliceous (Santa Coloma de Farners, SF) and carbonate-rich
(Les Planes, LP) soils. Fitness (number of siliques) and ionome were analyzed. Common garden was also
repeated under lab conditions. Distinctive physiological traits were further assessed using hydroponics with
different carbonate or iron supplies.
All plants grew better on siliceous than on carbonate soil, indicating calcifuge behavior of A. thaliana.
However, clear fitness differences among demes were in line with the carbonate content in the soils at the
plants’ native habitats. Soil carbonate rather than pH or soil organic matter was identified as the soil factor
responsible for divergent selection.
Comparison of two contrasting demes, A1 (moderately tolerant) and T6 (sensitive) revealed better
maintenance of leaf chlorophyll and SOD activity in A1. This more carbonate tolerant deme also had higher
root H+ extrusion and higher release of coumarine-type phenolics under Fe–deficient conditions. These
characteristics, together with a more efficient exclusion of Ca in A1 can be considered as main traits
responsible for local adaptation of A. thaliana to soils with moderate carbonate content.
Acknowledgement: Supported by the Spanish MICINN projects BFU2013-42839-R and BFU2016-75176-R
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[126] LIPID SIGNALING IN ROOT VASCULAR DIFFERENTIATION
Bojan Gujas1, Tiago Dias-Cruz1, Elizabeth Kastanaki1, Antia Rodriguez-Villalon1
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In multicellular organisms, a stringent control of cell differentiation programs is crucial for correct
tissue development and functionality. A fascinating example of this process is the differentiation of
plant vascular cells in conducting elements. In vascular plants, the phloem is a living tissue
transporting organic nutrients throughout the plant, whereas the xylem is mainly composed of dead
cells required for the delivery of water and nutrients to the above-ground organs. To become
functional units, phloem and xylem cells undergo two complex, albeit different morphogenetic
programs which involve the reinforcement of their cell wall and total or partial cell clearance.
Remarkably, vascular cells rely on the endomembrane system´s abilities to remodel cell wall
composition, signal responsiveness and organelle distribution while differentiating.
Phosphoinositides, a family of lipid compounds asymmetrically distributed across organelle’s
membranes, display a pivotal role in regulating different aspects of the cell trafficking system. Studies
performed in our laboratory have demonstrated that a genetic increase of phosphatidylinositol 4,5bis-phosphate [PtdIns(4,5)P2] rewires intracellular trafficking towards the vacuole in root cells.
Consequently, an enhanced phosphoinositide-mediated vacuolar biogenesis leads to premature
autolysis and secondary cell wall building in xylem cells. Inhibition of vesicular trafficking from transGolgi network (TGN) to the vacuole by brefeldin A (BFA) application abolishes the premature xylem
differentiation triggered by increasing PtdIns(4,5)P2 levels. On the contrary, BFA treatments induces
the abnormal formation of big vacuoles in mature protophloem cells, preventing cell clearance and
thus, tissue functionality. Together, our data indicate that a tight PM phosphoinositide homeostasis
contributes to antagonistically regulate vascular cell differentiation.
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[132] A MULTI-MODEL FRAMEWORK FOR THE ARABIDOPSIS LIFE CYCLE
Argyris Zardilis1, Alastair Hume2, Alistair Mccormick3, Robert Muetzefeldtd4, Gordon Plotkin5, Andrew Millar1
1

SynthSys, School of Biological Sciences, University of Edinburgh, United Kingdom, 2EPCC, University of
Edinburgh, 3Institute of Molecular Plant Sciences, School of Biological Sciences, University of Edinburgh, United
Kingdom, 4Simulistics Ltd., United Kingdom, 5LFCS, School of Informatics, University of Edinburgh, United
Kingdom
The Framework Model (FM) [1] provides a bridge in the genotype-phenotype gap with a mechanistic
representation of Arabidopsis vegetative growth starting from the circadian clock. A question that suggests
itself is if we can go a step further and connect genotype to ecological outcomes. With the FM as it stands this
will be hard to do since only the vegetative stage is represented, which means there are gaps between
successive generations needed to represent the dynamics of populations of plants. Furthermore, the models
are calibrated to lab growth conditions but for any meaningful ecological experiments we need natural
environmental conditions.
Here we present an extension to the FM that addresses the above problems and allows the study of ecological
outcomes starting from genetic and (natural) environmental inputs. The original FM is connected to seed
maturation and reproductive growth models from the literature and current models are adapted to be better
suited to natural environmental conditions. We will also present some representative simulations of the model
showing ecological outcomes from different location(environment)/genotype combinations.
While the model is useful as a tool itself, much like the original FM, we envision this to be a framework where
the constituent models can be replaced or extended to facilitate further research. For example, one could
imagine going a step further and representing selection in the population therefore going back to genomes and
‘closing the loop’: (environment, genotype) -> population dynamics -> selection -> genotype.
[1] Chew, Yin Hoon, et al. "Multiscale digital Arabidopsis predicts individual organ and whole-organism
growth." Proceedings of the National Academy of Sciences 111.39 (2014): E4127-E4136.
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[133] VERNALIZATION2 IS AN OXYGEN- AND NITRIC OXIDE- REGULATED SUBSTRATE OF THE N-END
RULE PATHWAY OF PROTEOLYSIS
Hannah Tedds1, Mark Bailey1, Anne-Marie Labandera1, Charlene Dambire2, Guillermina Mendiondo2, Colleen
Sprigg1, Sophie Mogg1, Rory Osborne1, Michael Holdsworth2, Daniel Gibbs1
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The N-end rule pathway of proteolysis targets proteins for destruction based on the nature of their N-terminus.
We have shown that the N-end rule pathway in Arabidopsis regulates the ‘Methionine-Cysteine (MC)-initiating’
protein -VERNALIZATION2 (VRN2). VRN2 functions to coordinate cold-responsive flowering and has several
other key developmental roles. VRN2 is one of three plant homologues of the Drosophila protein SUPPRESSOR
OF ZESTE12 (Su(z)12), which functions as part of the polycomb repressive complex2 (PRC2), a conserved
eukaryotic complex that regulates the epigenetic silencing of genes through depositing the H3K27me3
repressive mark to chromatin. Here we provide in vitro and in vivo evidence that VRN2 is a physiological
substrate of the N-end rule pathway. VRN2 is stabilized under hypoxia and NO-limited conditions and posttranslational accumulation of VRN2 during vernalization is linked to its regulation by the N-end rule. To
examine the relationship between VRN2 stability and its function during vernalization, transgenic and mutant
lines were generated in backgrounds requiring vernalization, for phenotypic analysis. Initial findings show that
the vrn2-5 and PROTEOLYSIS6 (prt6) single and double mutants show a significant delay in flowering time.
The destabilizing N-terminus of VRN2 likely arose following gene duplication and N-terminal truncation of an
ancient homologue of EMBRYONIC FLOWER2 (EMF2). In support of this, we found that N-terminally truncated
MC-initiating EMF2-HA (tEMF2-HA) was extremely unstable via its N-terminal Cysteine. This provides new
insight into how proteins can become co-opted to the N-end rule pathway during evolution to provide new
functions. Finally, we have found that EMF2c in Barley (a monocot species distantly related to Arabidopsis) is
also a substrate of the N-end rule pathway and may represent a functional homologue of VRN2.This suggests
that O2-sensitive Su(z)12 variants are present throughout flowering plants.
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[156] AN EVOLUTIONARILY YOUNG DEFENSE METABOLITE INFLUENCES PLANT ROOT GROWTH VIA
THE TOR SIGNALING PATHWAY
Meike Burow1, Fredrikke Gro Malinovsky1, Marie-Louise Fobian Thomsen1, Daniel Kliebenstein2
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Plants utilize numerous internal and external signals allowing them to plastically control metabolism
and development. As energy availability is an essential cue controlling growth, photo-assimilates, such
as glucose and sucrose, are monitored on a nearly continuous basis and their internal levels are used
to determine the growth potential by partitioning just the right amount of sugars between immediate
use and storage. Yet, plant plasticity is not limited to responding to the internal energy status, but
also to a vast array of external environmental inputs. For example, plant defense against biotic
organisms requires coordination with plant development and with other organisms. This is vital for
the plant as a metabolic defense response to one organism can entrain an ecological cost making it
more sensitive to a different organism. The current model is that developmental decisions
hierarchically regulate defense metabolism with little to no feed-back from defense metabolism to
development. However, work on the glucosinolate defense compounds is beginning to suggest that
defense metabolites can equally modulate development.
The evolution of the core of glucosinolate biosynthesis is relatively young, and specifically modified
glucosinolate structures are even more recent. Using purified compounds, we screened for
endogenous signaling properties among short-chain methionine-derived aliphatic glucosinolates by
testing their ability to induce visual phenotypic responses in Arabidopsis thaliana seedlings. We
identified novel signaling properties specific to individual glucosinolate structures. One distinct
modified glucosinolate, 3-hydroxypropyl (3OHP) glucosinolate, or derived compounds, reversibly
inhibits root growth and development across the plant kingdom. Mutants in the Target of Rapamycin
(TOR) pathway display altered sensitivity to 3OHP glucosinolate supporting the hypothesis that 3OHP
glucosinolate-associated signaling proceeds through the TOR complex. Thus, plants might link
evolutionarily new defense metabolites to ancient signaling pathways to optimize energy allocation.
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[157] DISCOVERY AND CHARACTERIZATION OF ASYMMETRIC PROTEIN LOCALIZATION REGULATORS
IN THE STOMATAL LINEAGE
Yan Gong1, Rachel Varnau2, Julien Alassimone1, Lily Cheung3, Dominique Bergmann1 4
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The mechanism of generating cell polarity prior to asymmetric cell division to produce diverse daughter cell
fates during development is wildly used across different eukaryotic species. In the Arabidopsis stomatal
lineage, polarity proteins like BASL are localized asymmetrically at the cell cortex before division and contribute
to the physical and fate asymmetries of the subsequent division. How these proteins achieve their striking
polar localization, however, is unknown. In a genetic screen, we identified a mutation in the Raf-like kinase
Constitutive Triple Response 1 (CTR1) that resulted in depolarization of polarity proteins in stomatal lineage
cells. CTR1 is a negative regulator of the ethylene signaling pathway and the ctr1 mutant exhibits a constitutive
ethylene response. Stomatal lineage-specific knock-down of CTR1 expression or application of exogenous
ethylene to wild type Arabidopsis seedlings also led to cortical protein depolarization, further supporting the
idea that ethylene might affect cell polarity in the stomatal lineage cell. In our analysis of the ctr1 mutant, it
became clear that a better tool was needed to precisely measure polarized protein distribution in an unbiased
fashion. We therefore developed a semi-automatic imaging analysis tool (POME), which could be coupled with
statistical analysis to generate regression models and to provide detailed characteristics of protein localization
patterns. With the accurate polarity measurements enabled by POME, we tested core components of the
ethylene signaling pathway, as well as processes and hormones that may cross talk with it. Currently we are
applying genetic, cell biology, and biochemical approaches to dissect the relationship between the stem cell
polarity and the ethylene signaling pathway in the context of stomatal development.
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[185] THE ENDODERMAL PASSAGE CELL - JUST ANOTHER BRICK IN THE WALL?
Tonni Andersen1, Sadaf Naseer1, Robertas Ursache1, Joop Vermeer2, Niko Geldner1
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In old parts of the root, suberin lamellae are deposited in the cell walls of the endodermis. This occurs in a
surprisingly similar manner across virtually all plant species. Intriguingly, cells adjacent to xylem poles do not
always undergo suberization, and are historically characterized as “passage cells” based on the assumption
that they retain capacity for transport in an otherwise sealed area. The term passage cell is somewhat ill fitting,
as our knowledge on them so far has remained purely descriptive. Recently, we found molecular mechanism(s)
responsible for formation of passage cells in the model plant Arabidopsis thaliana (1), and thereby obtained
tools to study their identity and whether they truly provide “passage” across the endodermis. By performing
cell-specific Translating Ribosomal Affinity Purification (TRAP), using tissue specific promoters, we found
evidence that, although passage cells share developmental features with xylem, they represent an individual
cell type. By further investigating the expression of enriched genes, we realized that passage cells, in
combination with adjacent cortex and epidermal cells, may form trans-cellular “funnels” that guide transport
to the vasculature. Moreover, our TRAP analysis suggests that these pathways might additionally be involved
biotic communication. Based on our work, we propose that the xylem pole endodermis represents a novel cell
type with a divergent developmental program that leads to passage cells. The passage cells might, in turn,
serve as nucleation points for bilateral communication across cell layers and with the rhizosphere. In
combination, our data argue that the well-established bilateral symmetry of the root vasculature should be
expanded to include outer cell layers, which provide a novel layer to our current models and understanding of
nutrient use efficiency (NUE).
(1) Andersen et al. Diffusible repression of cytokinin signalling produces endodermal symmetry and passage cells,
Nature, 2018.
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[197] CHARACTERIZATION OF A MUTANT, PIST1, THAT HAS INCREASED STOMATAL RESPONSE TO
CO2 WHEN TREATED WITH PHOSPHATIDYLINOSITOL 4-KINASE INHIBITOR, PAO
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Arabidopsis patrol1 mutant that has higher leaf temperature compared with Columbia wild type (WT) under
low CO2 conditions has been identified via infrared imaging systems [1]. PATROL1 is a Munc13-like protein,
which acts as the translocation factor of a major H+-ATPase, AHA1, to plasma membranes in guard cells. The
localization of PATROL1 is changed between the plasma membrane and intracellular compartments by
environmental stimuli. Stomatal responses to CO2 are specifically inhibited by the phosphatidylinositol (PI) 4kinase inhibitor, phenylarsine oxide (PAO), and that the specific inhibitory effect of PAO is also observed in the
movements of PATROL1 [2]. However, the detailed molecular mechanisms of regulation of PATROL1 dynamics
are not well understood. In this study, using thermal imaging systems, we isolated a mutant, pist1 (PAO
insensitive in stomata 1), that has increased stomatal response to CO2 when the plant was treated with PAO.
pist1 had higher PI 4-phosphatase content in guard cells compared with WT. In addition to the dot-like
compartments of PATROL1 on plasma membranes, a fibrillar pattern in cytosol was also evident in the guard
cells of WT, whereas both of them were disappeared in guard cells of pist1. Furthermore, pist1 displayed a
reduced stomatal closure in response to abscisic acid (ABA). In addition, an ABA-induced gene, RAB18, was
found to express significantly in leaves after ABA application in pist1. These results suggest that PIST1 is
involved in the localization of PATROL1 in guard cells and the ABA-signaling pathways, which is critical for the
control of stomatal movements.
References
[1] Hashimoto-Sugimoto et al. Nature Commun (2011) 4:2215.
[2] Takahashi et al. Front Plant Sci (2017) 8:677.
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[228] DIC2 IS MITOCHONDRIAL MALATE CARRIER THAT REGULATES CELLULAR 2-OXOGLUTARATE
HOMEOSTASIS
Chun Pong Lee1, A. Harvey Millar1
1
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2-oxoglutarate (2-OG) is an important metabolite that occupies a pivotal node in the regulation of plant carbon
and nitrogen metabolism. 2-OG is impermeable to lipid bilayers and therefore requires membrane transport
proteins before it can be oxidized in the mitochondrial matrix. Several carrier candidates have been proposed
to transport organic acids into mitochondria, but none of them have been proven to enable mitochondrial 2OG transport in plants or influence plant growth and dicarboxylate metabolism. After the first purification and
kinetic analysis of a malate/2-OG carrier from corn mitochondria 20 years ago, we have identified the
dicarboxylate carrier 2 (DIC2) as the most likely candidate for mitochondrial malate/2-OG carrier in
Arabidopsis. The DIC2 null mutant (dic2) massively accumulated 2-OG when plants were shifted to darkness.
Leaves of dic2 were more susceptible to early senescence when transferred to prolonged darkness, cocommitment with the accumulation of 2-OG and metabolites that require 2-OG for transamination. In addition,
roots of dic2 were less sensitive to externally supplied 2-OG, whereas all genotypes responded similarly to
supply of malate and succinate. ADP-dependent respiration by mitochondria from dic2 was lower in a
concentration-dependent manner when supplied externally with malate or 2-OG as sole substrate, but not with
NADH or succinate. 2-OG-dependent respiration rate in the absence of ADP was similar across all the
genotypes, indicating that a decrease in ADP-dependent respiration rates in the mutant was not primarily
caused by a leak in the respiratory chain. The transport of [14C]-malate was severely affected in mitochondria
isolated from dic2. DIC2, but not DIC1 or DIC3, complemented the dic2 phenotypes. Overall, our results provide
strong evidence for DIC2 as a malate/2-OG carrier, and reveal its critical role in coordinating anaplerotic
respiratory metabolism with assimilatory and catabolic pathways in response to rapid changes in metabolic and
energy demands in the dark.
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[258] PLANTS PRODUCE DISTINCT POPULATIONS OF EXOSOMES
Ido Vlaardingerbroek1, Mads Eggert Nielsen1, Hans Thordal-Christensen1
1
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Small extracellular vesicles (EVs) are produced by many cell types in both plants and animals. In animals, they
play important roles in cell-to-cell signaling and disease development. In plants, there is evidence suggesting
EVs play roles in defense against powdery mildew. They have also been implied as carriers of RNA for cell-tocell signaling both within and between organisms. However, due to a lack of experimental methods, direct
evidence for these functionalities is lacking. Recently, a method was developed to isolate these vesicles from
plant leaves, opening up opportunities to research their content and function. They were shown to be enriched
for proteins involved in biotic and abiotic stress responses.
We have extended the study of EVs in plants. First, we have identified distinct subpopulations of these vesicles
based on differential centrifugation. Second, we have isolated EVs from plants mutated in components of
intracellular vesicle trafficking pathways. One of these mutant proteins accumulates specifically in a secondary
defense structure involved in defense against powdery mildew, while the wild-type version of this same
protein does not. This suggests the mutation induces a distinct subpopulation of EVs.
We will compare the subpopulations using proteomics, RNAseq and LC-MS. Differences in protein content, RNA
or secondary metabolites will allows us to determine if these subpopulations have distinct biological function.
Ultimately, we wish to develop markers and tags for specific subpopulations allowing for their purification and
analysis.
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[260] THE IRON-SULFUR GLUTAREDOXIN GRXS17 IS A REDOX-DEPENDENT CHAPERONE
Laura Martins1, Johannes Knuesting2, Laetitia Bariat1, Christophe Marchand3, Stephane D. Lemaire3, Anne
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Adaption of plants to environmental changes is crucial for their survival. Part of a plant’s response to
environmental stress involves the production of reactive oxygen species, which interact rapidly with dedicated
redox enzymes to neutralize the oxidants, or act to transfer the oxidant into intracellular signaling pathways
and transcriptomic responses. Glutaredoxins, a family of thiol redox proteins, play an important role in redox
regulation and response to environmental stresses (Meyer et al, Annu. Rev. Genetic, 2009; Foyer and Noctor,
Plant Cell, 2005).
The model plant, Arabidopsis thaliana, expresses several glutaredoxins, all of which display varying functional
preferences and substrate specificity. The focus of our studies is on Arabidopsis GRXS17, an iron-sulfur multidomain glutaredoxin important for plant development (Cheng et al, J. Biol. Chem, 2011; Knuesting et al, Plant
Phy., 2015). Here, we show that GRXS17 function as a redox-dependent chaperone. Oxidative and heat stress
exposure cause a shift from a low MW form to high MW complexes. This shift is dependent on conserved
Cysteine residues of GRXS17, among being those involved in iron-sulfur cluster coordination and a N-terminal
domain with previously unknown functions. Consistent to this chaperone function, we show that GRXS17 is
required for the tolerance to moderated heat stress in a Cys-dependent manner. A semi-quantitative coimmunoprecipitation approach allowed to identify new potential GRXS17-interactor under heat stress
conditions, supporting a potential protecting function of GRXS17. Our results may explain the importance of
this protein under standard and higher temperatures.
This work has been presented at thiol oxidation in toxicity and signaling EMBO congress (September 2017)
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[262] PLANT LAMIN-LIKE PROTEINS AND NON-CG METHYLATION MEDIATE
CHROMATIN TETHERING AT THE NUCLEAR PERIPHERY
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The nuclear envelope not only serves as a physical barrier separating nuclear content from the
cytoplasm but also plays critical roles in modulating the proper three-dimensional organization of
genomic DNA. For both plants and animals, the nuclear periphery (NP), which is a layer beneath the
nuclear envelope, is a functional compartment enriched for heterochromatin. To date, how plants
manage to tether chromatin at the NP selectively remains unknown. By conducting two-color in situ
hybridization experiments on 2C nuclei, we show that in Arabidopsis, specific chromatin positioning at
the NP requires lamin-like proteins CROWDED NUCLEI 1 (CRWN1) and CRWN4. In metazoans, the
epigenetic mark, histone H3 lysine 9 methylation (H3K9me), is required for the anchoring of targeted
chromatin at the NP; however, we find that the loss of H3K9me has no effect in this regard in
Arabidopsis. Instead, DNA methylation in CHG and CHH contexts turn out to be required for this
process. Furthermore, with Hi-C analyses, we show global attenuation of spatial chromatin
compartmentalization and chromatin positioning patterns at the NP in both the crwn1 and crwn4
mutants. In summary, our results indicate that specific positioning of chromatin at the NP in
Arabidopsis is mediated by lamin-like proteins and non-CG DNA methylation, both of which are
unique in plants.
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[266] LATERAL ROOT AND PERIDERM FORMATION: TWO SIDES OF THE SAME COIN?
Anna Wunderling1, Dagmar Ripper1, Joop Vermer2, Alexis Maizel3, Laura Ragni1
1

ZMBP-University of Tübingen, Tübingen, Germany
University of Zürich, Zürich, Switzerland
3
COS-University odf Heidelberg, Heidelberg, Germany
2

In most dicots and gymnosperm, during secondary growth, the periderm replaces the epidermis as the
protective tissue surrounding the vasculature. The periderm, similar to vascular system, comprises three
tissues: the phellogen/cork cambium that produces inward the phelloderm and outward the suberized
phellem/cork. Despite the economical and agronomical relevance, the molecular network underlying periderm
establishment is largely unknown.
To shed light on the mechanisms of periderm development, we established a framework and a suite of tools to
study periderm growth in Arabidopsis. In the Arabidopsis root and hypocotyl, the periderm arises from an inner
tissue, the pericycle and only after shedding the outer tissues (epidermis; cortex; endodermis) it becomes the
outside protective layer. Furthermore, we showed that the loosening of the outer tissues is tightly regulated
and involved two different mechanisms as the endodermis undergoes PCD and the epidermis and the cortex
are abscised. Moreover, perturbing the number, the chemical composition and the connectivity of the ground
tissues affects periderm growth.
We also investigated weather lateral root (LR) formation and periderm growth is connected as both originate
from the pericycle. Early regulators of LR and adventitious root formation are also expressed in the periderm.
However, mutants incapable of forming lateral root or blocked in lateral root emergence formed a normal
periderm. In contrast, impairing auxin signaling specifically in the periderm, results in a disorganized periderm.
Altogether these results suggest that auxin has a positive role in both processes probably via different
networks.
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[268] A NEW GENE FAMILY MODULATING NATURALLY OCCURRING HYPER-IMMUNITY IN
ARABIDOPSIS IDENTIFIED BY GWAS
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Plants defend themselves against pathogens by activating an array of immune responses. Unfortunately,
immunity programs may also cause unintended collateral damage to the plant itself. The quantitative disease
resistance gene ACCELERATED CELL DEATH 6 (ACD6) serves as a nexus for the trade-off between growth and
pathogen resistance in wild populations of Arabidopsis thaliana. An autoimmune allele, ACD6-Est-1, first
identified in the natural accession Est-1, is found in over 10% of wild strains, even though it causes a clear
fitness penalty under optimal growth conditions. There is, however, extensive variation in the strength of the
autoimmune phenotype expressed by strains with an ACD6-Est-1 allele, indicative of genetic modifiers.
Quantitative genetic analysis revealed that the population genetic basis of ACD6 modulation is rather complex,
with both common and strain specific modifiers. One of these, MODULATOR OF HYPERACTIVE ACD6 1 (MHA1),
codes for a small protein of ~7 kDa that has not been previously characterized. MHA1 and its paralog MHA1LIKE (MAL) differentially interact with ACD6 proteins encoded by different ACD6 alleles, and the interactions
are important for disease resistance. We propose that allelic diversity at MHA1 contributes to the maintenance
of the hyperactive ACD6 variant in natural A. thaliana populations.
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[270] LIMITED N AVAILABILITY DELAYS FLOWERING IN ARABIDOPSIS AND POTATO AND HAS
CULTIVAR-DEPENDENT EFFECTS ON TUBER YIELD AND QUALITY TRAITS
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Nitrate (N), the major source of nitrogen in soils, not only serves as a macronutrient for plants but also acts as a
signalling molecule affecting important developmental transitions such as flowering. Optimal timing of the
floral transition is one of the major determinants of crop productivity. Interestingly, some of the key flowering
time regulators are also involved in the stolon-to-tuber development in Solanum tuberosum ssp Andigena.
We previously showed that, by using a soil-based N-limited system, limited N availability delays flowering in
Arabidopsis (Olas et al., submitted). This delay was mediated through a delayed and lower expression of
SQUAMOSA PROMOTER BINDING PROTEIN-LIKE genes (SPL3 and 5) which have N response elements (NRE) in
their regulatory regions. Currently, we are investigating which of the NIN-like transcription factor proteins
(NLPs), known to bind these NREs in other N-responsive genes, is involved in the regulation of flowering in
Arabidopsis and tuberization in potato.
In parallel, by using the same soil-based system, we studied the effect of limited N in five different potato
varieties. By comparing flowering time, tuber yield and tuber quality traits (e.g. sprouting, metabolite profiles
and phytohormones), the varieties were classified in N-sensitive and N-insensitive cultivars. Next, sink and
source leaves were used for further comparative transcriptome analyses and metabolite profiling to unravel
central N-dependent candidates.
On the long term, we are aiming at discovering predictive traits for better performance under N-limited
conditions. By this, we provide an environment-friendly alternative to the excess use of synthetic N fertilizers.
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[280] ARABIDOPSIS EXTRACELLULAR VESICLES MEDIATE THE INTERKINGDOM TRANSPORT OF
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Extracellular vesicles (EVs) facilitate intercellular signaling in mammals by transporting proteins and small
RNAs. Plants also secrete EVs, although much less is known about their contents and function. Our lab recently
developed methods for isolating EVs from Arabidopsis leaves. We found that Arabidopsis EVs are highly
enriched for defense-related proteins and are secreted in high abundance in response to the stress hormone
salicylic acid (SA). Our analyses suggest plant EVs play an integral role in the immune response and may
mediate intercellular signaling through the transfer of proteins and small RNAs. To determine if plant EVs
facilitate intercellular transport, we generated transgenic Arabidopsis plants expressing 35S::PEN3-GUS (P3G).
Through grafting experiments, we observed that P3G expressed in roots could move across the graft junction
and accumulate in non-transgenic, Col-0 trichomes. P3G from transgenic plants could also move into invading
fungi and oomycetes. Uptake of P3G EVs into the biotrophic fungus Colletotrichum higginsianum was
demonstrated both in plants and in vitro. Furthermore, EVs isolated from SA-treated plants were able to inhibit
the formation of fungal appressoria when incubated with C. higginsianum spores. Finally, next-generation
sequencing of RNA isolated from purified Arabidopsis EVs revealed the presence of small RNAs enriched in EVs
compared to total leaf RNA or RNA isolated from EV-depleted apoplastic wash. Interestingly, plant EVs were
highly enriched for “tiny” RNAs that range in size from 10-15 nt and map back to specific regions of microRNA
and small interfering RNA precursors. These “tiny” RNAs could be byproducts of small RNA production
removed from the cell as waste or have a yet-to-be determined function in recipient cells. Combined, these
results suggest that plant EVs have antimicrobial effects and facilitate both the intercellular and interspecies
transport of proteins and other materials, including RNAs.
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[286] ORGANISING THE FORMATION OF LEAVES USING DORSAL-VENTRAL CELL TYPE BOUNDARIES
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A fundamental process in plant development is the patterning of cell polarity and morphogenesis. Recently we
found that in the shoot, cell polarity and organ formation is regulated by Auxin Response Factor 5 (ARF5) or
MONOPTEROS (MP), through its role in mediating auxin transcriptional response. However, the response to
auxin doesn’t just depend on MP. It also depends on transcription factors involved in leaf dorsoventrality,
including the Class III HD-ZIP and KANADI transcription factors. These transcription factors act negatively to
restrict auxin response to narrow boundary regions in between their expression domains where their
expression is absent. According to established dogma however, direct juxtaposition of dorsal and ventral cell
types should provoke organogenesis, without necessarily requiring a region or “middle domain” separating the
two cell types. To investigate this conundrum we used live imaging to observe the consequences of direct
juxtaposition of HD-ZIPIII and KAN expression in the ventral and dorsal cells of leaf primordia respectively.
While our findings further support a cell autonomous role for HD-ZIPIII and KAN expression in repressing
organogenesis, they also reveal that HD-ZIPIII activity induces long-range signalling that promotes growth and
auxin-related gene expression. Thus our results help clarify our understanding of dorsoventral boundaries by
revealing how opposing activities coordinate to regulate morphogenesis.
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[293] MATURE CHLOROPLASTS OF ARABIDOPSIS THALIANA DO NOT IMPORT ATP EFFICIENTLY
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The degree at which ATP transport across the chloroplast envelope occurs in vivo is not completely clear. By
using AT1.03 fluorescent protein sensing, we compared the MgATP2- concentrations in cytosol and plastid
stroma in living Arabidopsis thaliana. In the cotyledon, hypocotyl and roots of 10-day-old seedlings, the stromal
MgATP2- concentrations were all significantly lower than the cytosolic MgATP2- concentrations. Only in the
cotyledons of very young seedlings (3 and 4-day-old), the stromal MgATP2- levels are as high as that of the
cytosol. Addition of exogenous MgATP2- to isolated chloroplasts from 4- and 5-day-old AT1.03 seedlings
increased the FRET ratio of the stromal sensor, but not in chloroplasts isolated from 10-day-old cotyledons or
20-day-old true leaves, suggesting that mature chloroplasts do not import ATP efficiently. Transient expression
of AtNTT1 and AtNTT2 in mesophyll protoplasts greatly lowered the cytosolic MgATP2- concentrations,
indicative of an additional ATP sink being created by increasing the entry of ATP into the chloroplast. Employing
a combination of photosynthetic and respiratory inhibitors we corroborate the dependency of photosynthetic
ATP production on mitochondrial dissipation of photosynthetic reductant. We propose that during chloroplast
maturation, the flux of ATP between the cytosolic and stromal compartments of mature chloroplasts is
restricted by the downregulation of the expression of nucleotide transporters. Restricting energy consumption
by the chloroplast in source cells at night may allow higher plants to conserve resources to support plant
growth. Hence, unlike in diatoms, in Arabidopsis thaliana cytosolic ATP does not enter the mature chloroplasts
to support the Calvin-Benson cycle. Instead, chloroplasts adjust the ATP:NADPH ratio by exporting reducing
equivalents, which are dissipated by the mitochondria to generate cytosolic ATP.
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[312] CP GENE REGULATES CYTOKINESIS IN ARABIDOPSIS ROOT CELLS
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Plant cells adopt a distinct cytokinesis mechanism represented as the cell plate expansion. Golgiderived vesicles travel along phragmoplast microtubules towards cell plate which extends in a
centrifugal manner before attaching the parental cell wall. However, questions still remain for the
regulation of this process. Here we obtained an Arabidopsis mutant cp, which displays incomplete
cytokinesis, as shown by a hole in the cell wall between two daughter cells, and endoreduplication.
Further cellular evidence indicates abnormal cell plate development. It takes much longer time for cp
to complete cell plate expansion, during which the newly formed cell plate cannot maintained, and
phragmoplast microtubule bundles go back and forth before degradation. Both endocytosis and
recycling are inhibited, and lipid biosynthesis components are down regulated in cp mutant. Several
suppressors of cp were screened out by EMS mutagenesis, and the mapping of target genes is under
way. Understanding the biological function of Arabidopsis CP gene in cytokinesis might bring some
insights into the neonatal cell plate stabilization during directional cell plate expansion.

Yes
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[313] THE TRUNCATED NLR PROTEIN TN13 INTERACTS WITH IMPORTIN-Α3 AND IS REQUIRED FOR
DISEASE RESISTANCE IN ARABIDOPSIS
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Importin-α proteins mediate the translocation of nuclear localization signal (NLS)-containing proteins from the
cytoplasm into the nucleus through nuclear pore complexes (NPCs). Genetically, Arabidopsis IMPORTINα3/MOS6 (MODIFIER OF SNC1, 6) is required for basal plant immunity and constitutive disease resistance
activated in the auto-immune mutant snc1 (suppressor of npr1-1, constitutive 1), suggesting that MOS6 plays a
role in nuclear import of proteins involved in plant defense signaling. To identify defense-regulatory cargo
proteins and interaction partners of MOS6, we conducted both in silico database analyses and affinitypurification of functional epitope-tagged MOS6 from pathogen-challenged stable transgenic plants coupled
with mass spectrometry. Among thirteen candidate MOS6 interactors that were selected for functional
characterization, the TIR-NBS-type protein TN13 is required for resistance to Pseudomonas syringae pv. tomato
(Pst) DC3000 lacking the type III effectors AvrPto and AvrPtoB. When expressed transiently in N. benthamiana
leaves, TN13 co-immunoprecipitates with MOS6 but not with its closest homolog IMPORTIN-α6. Consistent
with a predicted N-terminal transmembrane domain, TN13 localizes to the endoplasmic reticulum (ER) and the
nuclear envelope (NE), where it associates with MOS6 in a transient bimolecular fluorescence
complementation (BiFC) interaction assay in N. benthamiana, indicating formation of a preformed nuclear
import complex. Our work uncovered the truncated NLR protein TN13 as a component of plant immunity that
selectively binds to MOS6/IMPORTIN-α3 in planta. We propose that release of TN13 from the ER-membrane in
response to a pathogen stimulus and its subsequent nuclear translocation is important for plant defense signal
relay.
Parts of this work have been presented at the “Conference Molecular Biology of Plants” in Dabringhausen,
Germany.
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[316] MIR827 AND GEBP-LIKE ALPHA FACTOR ARE INVOLVED IN A REGULATORY CIRCUIT OF
SENESCENCE AND PHOSPHATE HOMEOSTASIS IN ARABIDOPSIS
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Plant leaf senescence and phosphate homeostasis are intimately linked during plant development and
responses to changing environmental conditions. Senescence is accelerated by phosphate deficiency; recycling
and mobilization of phosphate from senescing leaves serves as a major phosphate source for sink tissues.
Although phosphate recycling from senescing leaves is generally efficient, little is known about the molecular
components involved in the process. Previously, miR827 was shown to play a significant role in regulating
phosphate homeostasis in plants, and it was significantly induced during Arabidopsis leaf senescence. Our
current research suggests expansion of miR827's regulatory role in phosphate homeostasis as well as its
involvement in controlling senescence progression. Overexpression or inhibited expression of miR827
respectively accelerated or retarded senescence progress. We identified the GLABRA1 ENHANCER BINDING
PROTEIN (GeBP)-like regulatory factor, GPLα, as a gene whose expression is modified in miR827 mutants,
supporting its role as a potential target of miR827. GPLα inhibition or overexpression resulted in senescence
acceleration and inhibition, accordingly. Furthermore, GPLα had a negative regulatory effect on both
PHOSPATE TRANSPORTER 1 genes' expression and consequently, leaf phosphate content. Overall, our results
further support close interactions between senescence and phosphate homeostasis and emphasize functional
involvement of two regulatory components, miR827 and GPLα.

31

[320] EPIGENETIC SENSITIVE EXPRESSION OF ALTERED MERISTEM PROGRAM 1 (AMP1) LINKS
TRANSLATIONAL REPRESSION AND EPIGENETIC REGULATION
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Responding to environmental perturbations or stress situations requires the precise regulation of both the
transcriptional and translational machinery, which can be achieved by different mechanisms including
epigenetics and RNA silencing. On one hand, epigenetic mechanisms regulate transcription through different
mainly repressive histone modifications and DNA methylation, while RNA silencing regulates gene expression
post-transcriptionally. Small RNAs, the effectors of RNA silencing, can induce the cleavage, decay or
translational inhibition of their target mRNAs.
In Arabidopsis sRNA-induced translational inhibition takes place in P-bodies or the endoplasmic reticulum (ER)
where it requires the presence of the carboxypeptidase ALTERED MERISTEM PROGRAM 1 (AMP1). AMP1
contributes to the interaction between ARGONAUTE 1 (AGO1) and mRNAs bound to polysomes. Translational
repression of mRNAs in the ER leads to their stabilization and has been hypothesize to help to respond faster to
stress situations via the release of miRNA-sequestered mRNAs. In summary, translational repression might be
involved in the dynamic regulation of translation which might be extremely advantageous during stress.
Nevertheless, even though AMP1 mechanism of action has been previously studied, its transcriptional
regulation, as well as how stress influences its expression, still remains unknown.
In our study, we focus in the analysis of the transcriptional regulation of AMP1. We found that AMP1 is
controlled by a region upstream its 5’UTR which is enriched in the repressive epigenetic marks H3K9me2 and
cytosine methylation. Consequently, Arabidopsis thaliana mutants in the CHG/H3K9me2 pathway showed an
altered expression of AMP1. Interestingly, AMP1 expression is also regulated under different stresses.
Altogether, our data may indicate that AMP1, through its epigenetically-regulated expression, could link stressmediated epigenetic reprogramming and translational repression.
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[321] AUTOPHAGY: BOTH FRIEND AND FOE IN PSEUDOMONAS INFECTION
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Autophagy and the ubiquitin-proteasome system (UPS) are two major protein degradation pathways
implicated in the response to microbial infections in eukaryotes. In animals, the contribution of autophagy and
the UPS to anti-bacterial immunity is well documented and several bacteria have evolved measures to target
and exploit these systems to the benefit of infection. In plants, the UPS has been established as a hub for
immune responses and is targeted by bacteria to enhance virulence. However, the role of autophagy during
plant–bacterial interactions is less understood. Here, we have identified both pro- and anti-bacterial functions
of autophagy mechanisms upon infection of Arabidopsis with virulent Pseudomonas syringae pv. tomato
DC3000 (Pst). We show that Pst activates autophagy in a type-III effector (T3E)-dependent manner, and
stimulates the autophagic removal of proteasomes (proteaphagy) to support bacterial proliferation. We further
identify the T3E HopM1 as a principle mediator of autophagy-inducing activities during infection. In contrast to
the pro-bacterial effects of Pst-induced proteaphagy, NEIGHBOR OF BRCA1 (NBR1)-dependent selective
autophagy counteracts disease progression and limits the formation of HopM1-mediated water-soaked lesions.
Together, we demonstrate that distinct autophagy pathways contribute to host immunity and bacterial
pathogenesis during Pst infection, and provide evidence for an intimate crosstalk between proteasome and
autophagy in plant–bacterial interactions.
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[323] THE ROLE OF THE CHLOROPLAST SIGNAL 3'PHOSPHOADENOSINE 5'PHOSPHATE, IN STOMATAL
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When a plant experiences drought stress, a number of molecular and physiological processes are activated.
This includes the production of a chloroplast-to-nucleus stress signal, 3’phosphoadenosine 5’phosphate (PAP),
which up-regulates transcription of stress-responsive genes in Arabidopsis thaliana leaves. However, the
functional role of chloroplasts and specifically PAP-mediated signalling remains enigmatic in guard cells, which
are the gatekeepers of water loss during drought. We show that exogenous application of PAP leads to rapid
stomatal closure in both epidermal peels and intact leaves to a similar extent as the guard cell regulatory
hormone abscisic acid (ABA). Significantly, genetic analyses and biochemical manipulation experiments indicate
that PAP signalling can supplement the canonical ABA-mediated signalling pathway in guard cells. We show
that PAP signalling in stomatal closure includes a dynamic interaction with secondary messengers, ion flux
induction, and the utilisation of chloroplastic mechanisms separate to ABA signalling. Furthermore, PAP
signalling in guard cells can act at least in part by up-regulating a number of novel calcium-dependent protein
kinases that were previously not known to function in guard cells. This work presents evidence of the
chloroplast signal PAP affecting numerous signalling components in stomatal closure in addition to its role as a
retrograde signal. These results indicate PAP has a functional role as a molecular signal guiding water stress
tolerance via guard cells.
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[326] A BRASSICACEAE-SPECIFIC GENE DUPLICATION EVENT LINKS FERTILIZATION WITH THE EARLY
EMBRYONIC PATTERNING PROCESS IN ARABIDOPSIS.
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The apical-basal pattering of the early Arabidopsis embryo is controlled by a MAP kinase signaling-cascade
including the MAPKK kinase YODA (YDA). It suppresses embryonic development and promotes suspensor
formation in the basal daughter cell of the first zygotic cell division and its derivatives. Activity of this
embryonic YDA pathway relies on the upstream-acting pseudokinase SHORT SUSPENSOR (SSP), a Brassicaceaespecific member of the multi gene family of BRASSINOSTEROID SIGNALING KINASES (BSKs). These membraneassociated kinases have been described as signaling relay in SERK-dependent receptor kinase pathways that
regulate a wide variety of processes such as growth and innate immunity.
SSP has evolved as paralog of BSK1 but displays a dramatically different expression pattern. While BSK1 is
ubiquitously expressed (except in pollen), SSP transcripts accumulate only in sperm cells of mature pollen. The
SSP protein, however, can only be detected after fertilization, implying transmission of translationally silenced
SSP transcripts during fertilization. This raises the question, how such a dramatic neo-functionalization has
occurred on a mechanistic level.
We will present new data implying functional involvement of the ancestral BSK1 gene in YDA-dependent
signaling pathways and conclude that SSP is a Brassicaceae-specific late addition. Furthermore, our results
suggest that SSP acts as a naturally occurring deregulated version of BSK1. SSP participates in YDA activation in
the early embryo in a non-redundant way to BSK1 and BSK2 and its contribution is essential for fast
developmental progression of the embryo. With genetic, biochemical and structural biology approaches, we
are unraveling how SSP and BSK1 proteins differ on a molecular and functional level and shed light on the
unusual regulation of SSP expression.
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[339] HIGH AMBIENT TEMPERATURE SIGNALLING NETWORK IDENTIFIES NOVEL REGULATORS OF
THERMOMORPHOGENESIS
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High ambient temperature has numerous effects on plant growth and development (Quint et al 2016 Nat
Plants 2:151901). Our knowledge on thermal sensing and response mechanisms in plants has been increasing
in the past years; mostly through genetics and by focusing on transcriptional changes and associated networks
(Quint et al 2016 Nat Plants 2:151901). However, many missing links in the thermal signalling cascades are
likely governed by various post-translational modifications. To identify these, we applied quantitative
phosphoproteomics (Vu et al 2016 J Proteome Res 15:4304) to seedlings exposed to high ambient temperature
for 1 hour. The dynamic changes in our time course samples allowed reverse engineering the associated
signalling network and pinpointing several thermoresponsive phosphoproteins, referred to as TOTORO/TARGET
OF TEMPERATURE (TOT) candidates. The unprecedented signalling network revealed interplaying protein
kinases, phosphatases and their targets. These are linked to diverse cellular processes, providing us with an
entry point to gain mechanistic insight into the regulation of distinct pathways regulated by high temperature
and the integration of those various signals in a global response. Functional characterization of network hubs
pinpointed the uncharacterized membrane-associated kinase TOT3 as an important, temperature-specific
regulator of thermomorphogenesis. Our data further indicate that TOT3 is a component of a circuit that can
monitor absolute temperatures and that can act as a rheostat to adjust growth. The concept has been recently
introduced at the SEB Cell Section Satellite meeting entitled ‘From Proteome to Phenotype: role of posttranslational modifications’, and now I will show our latest results and a comprehensive model.
Yes
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Plants optimize carbon assimilation while limiting water loss by adjusting stomatal aperture. In grasses, a
developmental innovation—the addition of subsidiary cells (SCs) flanking two dumbbell-shaped guard cells
(GCs)—is supposedly linked to the grass family's improved stomatal gas exchange efficiency. A mutant screen
in the wheat relative and model grass Brachypodium distachyon identified a transcription factor necessary and
sufficient for SC formation. Unexpectedly, the transcription factor is an ortholog of the stomatal regulator
AtMUTE, which defines GC precursor fate in Arabidopsis. The novel role of BdMUTE in specifying lateral SCs
appears linked to its acquisition of cell-to-cell mobility in Brachypodium. Physiological analyses on bdmute
mutant plants lacking SCs experimentally support classic hypotheses that SCs permit greater stomatal
responsiveness to enhance water use efficiency and larger range of pore apertures to increase photosynthetic
capacity. Recently, we profiled the transcriptome of developing and mature leaf regions of both wild-type and
SC-less bdmute plants to identify novel factors regulating SC development and SC function, respectively.
Discovering genes required for SC function will help understand how SCs actually improve stomatal gas
exchange dynamics in grasses. Understanding how SCs are formed and enable grasses to breathe more
efficiently might allow engineering of stomatal properties in many different crops to improve water use
efficiency and plant performance.
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[377] DAMAGE ACTIVATES CALCIUM-DEPENDENT METACASPASES FOR RELEASE OF PLANT
IMMUNOMODULATORY PEPTIDES
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Physical damage to cells leads to the release of immunomodulatory peptides in order to elicit wound defense
responses in the surrounding tissue. In Arabidopsis thaliana, the intracellular PROPEP1 protein precursor is
processed into the mature 2.5 kDa PEP1 before release. However, the maturation mechanism remained
unknown. Here, we demonstrate that both at tissue level and upon highly precise single-cell damage by
multiphoton laser wounding, the cysteine protease METACASPASE4 is instantly activated in a spatiotemporal
Ca2+ dependent manner, and is necessary and sufficient for PEP1 maturation. Our results reveal a robust and
most likely conserved mechanism that links the intracellular and calcium dependent activation of a specific
cysteine protease with the maturation of damage induced wound defense signals.
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The development and refinement of high-throughput small RNA (sRNA) sequencing technologies have allowed
the RNA silencing field to progressively uncover layers of non-coding RNA (ncRNA) populations involved in the
regulation of diverse processes. These technologies have generated increased numbers of microRNAs and the
identification of siRNAs produced from lncRNAs. Some small RNAs derived from ribosomal RNAs, small nuclear
RNAs, small nucleolar RNAs and transfer RNAs (tRNAs) do not seem to be random degradation products, but
rather have specific processing and function to direct target mRNAs.
From the groups of sRNAs derived from ncRNAs, sRNAs derived from tRNAs have gained attention and interest.
Apart from their primordial role in the central dogma, tRNAs have been suggested to be part of a different
control layer through the production of tRNA-derived framents (tRFs) and tRNA halves derived from their
transcripts. Both sRNAs have been described in several species and are implicated in the posttranscriptional
regulation of mRNAs both through cleavage and/or translational repression.
In this study, we have characterized the accumulation of these sRNAs during pollen development by means of
high-throughput sequencing. Interestingly, their accumulation in this tissue is associated with the dynamic of
the epitranscriptome what lead us to hypotesize that their biogenesis is developmentally programmed and
potentially functional.”
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Successful fertilization relies on proper communication of male and female reproductive tissues. In
angiosperms, pollen tube carries sperm cells to the embryo sac of the ovule. The guidance of pollen tubes to
the ovule is species-specific, and LURE proteins that are secreted from the synergid cells are thought to be
important for such species-specificity. Indeed, TfLURE1 from Torenia fournieri and AtLURE1 from Arabidopsis
thaliana attract conspecific pollen tubes and they do not attract pollen tubes from other species. To identify
which part of LURE proteins are important for such activities, we generated a series of chimeric proteins
between TfLURE1 and AtLURE1. We found that TfLURE1 obtained the ability to attract Arabidopsis pollen tubes
by replacing a small region from AtLURE1, and that this attraction is dependent on PRK6 receptor-like kinase.
These findings suggest common and unique features in LURE proteins. We will also discuss the possibility to
design novel pollen tube attractant molecules.
Yes
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Histone acetylation is an important epigenetic modification conserved in plants, animals, and fungi. Histone
deacetylases (HDACs) remove acetylation, repress transcription, and hold critical roles for diverse genomic
processes. How individual HDACs are regulated and perform specialized molecular and biological functions in
plants is not fully understood. To identify Arabidopsis HDAC interactors, we performed nine
immunoprecipitations coupled with mass spectrometry (IP-MS) experiments and found the WD40-domain
containing protein HIGH EXPRESSION OF OSMOTICALLY RESPONSIVE GENES 15 (HOS15) interacts specifically
with the HISTONE DEACETYLASE 9 (HDA9)-POWERDRESS (PWR) complex. Survey of the HDA9-PWR-HOS15
interaction network enriched for TCP1-Chaperonin and Proteasome components, suggesting mechanisms by
which the complex is assembled and degraded. Several lines of genetic evidence support HOS15 is a core
component of HDA9-PWR: Loss-of-function HOS15 induces HDA9-dependent total histone hyperacetylation
with accompanied changes in histone methylation. HOS15, HDA9, and PWR are ubiquitously co-expressed and
mutant combinations display remarkable phenotypic resemblance and non-additivity for organogenesis,
flowering time, and germination. 90% of HOS15 regulated genes overlap with genes regulated by HDA9 and
PWR. Application of our previously published HDA9 genome-wide chromatin occupancy identified ninety-two
genes that are directly bound and repressed by HDA9. A large subset of these genes are responsive to biotic
and abiotic stimuli, including a family of ethylene response factors. Finally, we found that HOS15 holds several
regulatory roles for HDA9, including controlling HDA9 nuclear levels. This work establishes a core HDA9-PWRHOS15 complex that regulates gene expression for plant growth and development.
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Polyploidization, which is the increase in genomic copies, is often referred to as the beginning of diversification
that gave rise to current species. While the biological significance of polyploidization is not understood, one
hypothesis suggests that it facilitates environmental adaptation and increases fitness. Polyploidization is often
assumed to be the consequence of meiotic or mitosis failure in somatic or gametic cells. Here we present an
unprecedented pathway of polyploidization that doesn’t require genetic failure for its occurrence, polyspermy.
Polyspermy, fertilization of an egg cell by two different sperm cells, is less investigated mainly because of the
challenge of discriminating polyspermy derived plants from those originated from unreduced gamete. We
established a high throughput method, which enabled us to identify and trace polyspermy events in wild type
population. Following this method, we were also able to generate triploid plants that comprise of three
complete genomes from three different Arabidopsis accessions. In general, our findings introduce an important
factor that contributed to plant reproduction in particular and plant evolution in general.
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Plant development is highly dependent on the ambient light conditions. To deal with changing light conditions
such as light exposure of etiolated seedlings, plants have evolved rapid sensing mechanisms that activate
massive transcriptome reprogramming and result in phenotypical adaptations. Besides transcriptional changes,
alternative splicing (AS) of precursor mRNAs into various mature transcripts contributes to the regulation of
photomorphogenesis. We analyzed light-dependent AS pattern changes during early photomorphogenesis in 6d-old wild type (WT) seedlings and found more than 60% of all light-regulated events to undergo a switch from
a putative non-productive to a protein-coding mRNA isoform. Comparing the AS changes in WT and
photoreceptor mutant seedlings revealed that the major light receptors play no important role in the upstream
signaling. Interestingly, supplying dark-grown plants with external sucrose changed AS patterns similar to light
exposure. Thus, a correlation between the regulation of these AS events and the energy status of the plant may
exist. Moreover, similar AS shifts could be provoked by chemical inhibition of kinase signaling. We postulate
that the central energy sensor SNF-RELATED KINASE 1.1 (SnRK1.1) may play a key role in AS regulation. Since
even a knockdown of SnRK1.1 and its functionally redundant homolog SnRK1.2 seems to be lethal, we
generated inducible amiRNA lines targeting the mRNAs of both SnRK1 homologs. Initial experiments with
inducible amiSnRK1 lines show upon induction of amiRNA expression an AS shift comparable to the changes
observed upon light exposure and point to an involvement of these kinases in AS control. Taken together, we
propose that SnRK1.1 has an important regulatory function in light-dependent AS control such as during early
photomorphogenesis.
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In plants, sensing of microbe-associated molecular patterns (MAMPs) through cell surface-localized pattern
recognition receptors (PRRs) activates pattern-triggered immunity (PTI). Lipopolysaccharide (LPS), the major
constituent of the outer membrane of most Gram-negative bacteria, elicits typical PTI responses in Arabidopsis
thaliana. Previously, we have identified the bulb-type lectin receptor-like kinase LORE (LIPOOLIGOSACCHARIDESPECIFIC REDUCED ELICITATION) as key component of LPS sensing in Arabidopsis (1). Interestingly, LORE
mediates sensitive recognition of Pseudomonas and Xanthomonas LPS but not the typical enterobacterial LPS
e. g. of Escherichia coli. Chemical separation and chromatographic isolation of the different domains of LPS
further revealed that the lipid A (LA) domain is sufficient to activate LORE-dependent PTI (1).
In order to understand how LPS sensing specificity is achieved at the molecular level, we now tested LPS from a
range of bacterial species for elicitation of LORE-dependent PTI. This structure-function study identified
structural features of LPS crucial for activating LORE signalling. In a complementary approach, we are currently
mapping LORE subdomains required for LPS sensing and receptor activation by exploiting domain swaps with
close LORE homologues and non-functional LORE orthologues. To mechanistically resolve how the LORE
receptor complex and downstream signalling is activated upon LPS elicitation we further identify LORE
interacting proteins and assess their role in LPS immune sensing. Thus, LORE does not require any of the wellknown co-receptors but apparently forms homodimers in a ligand-independent manner. Manipulations of the
LORE protein sequence further indicate a regulatory feed-back module required for signalling attenuation.
Downstream of LORE, LPS-induced signal transduction converges on common signalling hubs to activate typical
PTI responses. LORE loss-of-function and gain-of-function approaches further reveal a role for LORE in preinvasion immunity against Pseudomonas syringae infection.
(1) Ranf S. et al. Nat Immunol 16, 426-433, doi:10.1038/ni.3124 (2015).
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Roots and shoots live in different environments, yet the root knows when the shoot faces adverse
environmental conditions. Shade avoidance response (SAR) triggered by the sub-optimal light environment
from the nearby vegetation leads to rapid growth of the stem and petioles to maximize light capture but also
leads to the poor growth of the roots. Roots not only serve as a mechanical anchor but plays a vital role in the
well-being of the entire plant. As one can imagine, there is a negative cycle occurring during shading; shoot
perceived shade leads to reduced root growth which in turn is unable to support the shoot leading to
unproductive plants. Surprisingly not much is known about the mechanisms that affect root growth when the
shoot detects changes in light conditions. Given the importance of the roots of the overall plant growth and
productivity, we aim to understand the mechanisms by which root growth is affected by changing light
conditions, especially in vegetative shading. Recent results from our study using a combination of genomics,
genetics and biochemical approaches suggest that roots activate stress responses in the shade to slow down its
growth by diverting resources to the shoot. These stress responses were activated by MAPK cascade and
mediated by root-specific WRKY transcription factors. Surprisingly, we found that roots contained a large
amount of free auxin but the auxin signaling was inactivated. These results provide a framework to explore the
nature of signal from the shoot to modify root growth in changing light conditions.
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Plants are sessile organisms with wide array of response pathways to meet the challenges from
the environment. Characterization of these response pathways holds a key to genetic resources that can be
utilized also in molecular breeding for agriculture. To dissect the interactions between genotypes, phenotypes
and environmental perturbations we have developed several high throughput in vitro assays utilizing the
National Plant Phenotyping Infrastructure (NaPPI) at the University of Helsinki site, Finland. These assays
include applications for i) hormone gradients for testing genetic interactions, ii) bioassays for testing secondary
compound interactions with biological processes, and iii) symptom scoring of plant pathogen interactions on
dissected organs. Here we present data from a germination assay for Arabidopsis mutants representing ABA
response genes from the ubiquitin proteasome system pathway. Seed germination on an ABA gradient, as
indicated by green cotyledon emergence, was recorded daily with PAM Chlorophyll fluorescence camera. Our
screens indicated two novel ABA response regulators that were up-regulated upon ABA treatment and showed
resistant and sensitive responses to ABA during germination. We also showed that the results obtained with
NaPPI were as precise as those observed under stereomicroscope, indicating that NaPPI FluorCam was capable
and reliable for detecting Arabidopsis seed germination. Automation of the germination and seedling analysis
greatly facilitated screening of thousands of seeds through several gradients of different hormones. In this way,
novel molecular factors were identified that regulate ABA responses during germination.
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[436] PLANT CELL WALL INTEGRITY MAINTENANCE AND IMMUNE SIGNALLING COOPERATE TO
CONTROL DEFENCE RESPSONSES IN ARABIDOPSIS THALIANA
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Plant cell walls form the interface between plants and their environment, making them part of the defence
mechanisms against both biotic and abiotic stress. They are also essential components of growth and
development. Walls need to monitor and maintain their functional integrity during these biological processes.
We are interested in understanding the mode of action of the mechanism responsible for cell wall integrity
(CWI) maintenance and how its activity is coordinated with processes regulating plant defence and
development. To address these questions we have performed phenotypic, genetic and biochemical studies in
Arabidopsis thaliana. Phenotypic clustering involving 27 genotypes identified 5 genes encoding receptor like
kinases and ion channels, which are required for CWI maintenance. The clustering also showed that impaired
immune signalling (through KOs in signalling elements like PEP1 RECEPTOR 1 and PEP1 RECEPTOR2) leads to
enhanced cell wall damage (CWD) responses. These responses include jasmonic and salicylic acid accumulation,
lignin deposition, increased expression of PROPEP1 and PROPEP3 and secretion of a PROPEP3-VENUS fusion
protein. The genes encode precursors for AtPEP1 and AtPEP3, which act as damage associated molecular
patterns (DAMPs), normally enhancing immune responses during plant defence. Intriguingly, AtPEP1 or AtPEP3
application repressed CWD-induced phytohormone production in a concentration and PEPR1 PEPR2 dependent
manner. These results suggest that AtPEP1 and AtPEP3 activity is situation-dependent and can either enhance
or reduce defence responses. More importantly AtPEP1 and AtPEP3 seem to coordinate CWI maintenance and
immune signalling in Arabidopsis thaliana.
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[446] MOLECULAR DIAGNOSTICS-IDENTIFICATION OF NOVEL REGULATORS FOR NITROGEN
TRANSPORTERS IN ARABIDOPSIS
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The uptake of essential ion nutrients is critical for plant growth. Approximately more than 70% of all ions
acquired by plants contain nitrogen. Thus quantitatively, nitrogen is the most important nutrient. In soils, N
occurs in multiple forms, the most important being ammonium as well as organic forms. They are acquired by
the specific transport proteins in the cell membrane in plants. These transport proteins, aka transporters, are
located in perfect positions to control the exact level of nitrogen acquisition. In Arabidopsis, ammonium and
oligopeptide transporter genes (AMTs and PTRs, respectively) have been identified in decades. Some of the
transporters serve as receptors that measure external nitrogen availability to adjust uptake to the availability
and the specific needs of the plant. Yet neither regulators nor molecule mechanisms of the regulator regulating
the activity of the AMTs and PTRs has been knowing. We recently succeeded identifying several novel
regulators, which are belong to family of kinase and phosphatase in Arabidopsis. The transcripts of regulator
expression were significantly changed in wild type plant when changeling the plant with sole nitrogen
condition, for instance, ammonium along. The regulators can interact with AMT1;1 and PTRs specifically in vitro
and in vivo by yeast two-hybrid and splited-GFP interaction assay in tobacco leave, respectively. Knock-out
mutants of regulators were showed phenotype of either more toxicity or tolerance in Arabidopsis root. In
addition, the functional analyses between regulators and transporters by TEVC (two electrode voltage clamp)
assay in Xenopus oocytes and specific phosphorylation protein level in plant by western blot shown that the
new identified regulators regulate the activities of transporters by either phosphorylation or
dephosphorylation of transporters. These results in promise to provide a new level of insight into the
regulation of N acquisition in intact roots. The manuscripts will be submitted soon.
Yes
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[450] MUTATION OF ARABIDOPSIS SAURS IMPAIRS THE EFFICIENT TRANSLATION OF TRANSCRIPTS
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Successful pollen tube elongation is critical for double fertilization and understanding the biological functions
of pollen tube genes will provide new insights into the regulatory machinery underlying this crucial process.
Our previous translatomes of in vivo-grown Arabidopsis pollen tubes revealed 519 transcripts enriched in those
pollen tubes. Among these transcripts, two belong to the Small Auxin Up RNA (SAURs) family. Like other iv
mutants, both mutants showed unfertilized seeds in mature siliques. Both SAURs mainly localized in the pollen
tube nuclei, and the siliques of their corresponding mutants and their RNAi knockdown lines were shorter with
more aborted seeds. Pollen viability of these mutants and RNAi lines were normal, but in vitro and in vivo
pollen tube growth were defective with branching phenotypes. Immunoprecipitation with transgenic SAURsGFP flowers revealed several ribosomal proteins as their potential partners, and their individual interactions
were further confirmed by yeast two-hybrid (Y2H) and bimolecular fluorescence complementation assay (BiFC).
Polysome profiling showed reduced 80S ribosome abundance in mutants of SAUR, RNAi, and ribosomal
proteins flowers, which suggests roles for both SAURs in 80S monosome biogenesis and/or assembly. To clarify
their roles in translation, total proteins of WT and RNAi flowers were analyzed by iTRAQ and found significant
reduction in expression of factors participating in pollen tube wall biogenesis and F-actin dynamics, which are
critical for the elastic properties of tube elongation. Indeed, dislocalization of de-esterified and esterified
pectins and F-actin organization were observed in RNAi pollen tubes. Here, we demonstrated the biological
roles of pollen tube enriched SAURs and their partners, ribosomal proteins, in 80S monosome biogenesis
and/or assembly critical for efficient pollen tube elongation and the following fertilization.
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[451] ROLE OF EPIGENETIC REGULATION AT THE NUCLEAR ENVELOPE IN ARABIDOPSIS
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Polycomb group (PcG) proteins play a crucial role in the development of a wide range of eukaryotes, including
plants and animals. One of the PcG protein complexes, Polycomb Repressive Complex 2 (PRC2), promotes
repressive chromatin formation via tri-methylation of lysine-27 on histone H3 (H3K27me3) (Köhler and Villar,
2008). From previous studies, we characterized a novel chromatin protein family in Arabidopsis, PWWP
INTERACTOR OF POLYCOMBS1 (PWO family) which consists of three members. PWO1 is found to be a plant
specific interactor of PRC2 and histone H3 (Hohenstatt et al., 2018). Co-immunoprecipitation experiment
coupled with mass spectrometry revealed 109 putative PWO1 interactors (Mikulski et al., 2017) and ~60% of
those overlap with components of crude plant nuclear envelope enriched fraction (Sakamoto and Takagi,
2013). Presence of nuclear lamina associated components, especially CROWDED NUCLEI 1(CRWN1) - a coiled
coil analog of lamin proteins in Arabidopsis - gained attention as it has a prominent role in maintaining nuclear
morphology (Wang et al., 2013) and chromocenter organization (Dittmer et al., 2007). Further investigation on
PWO1-CRWN1 showed a physical and genetic interaction and similar set of regulated genes, thus providing a
putative link between PRC2-mediated gene repression and the nuclear periphery in plants (Mikulski et al.,
2017). The current study aims to characterize PWO1 interactors identified in the nuclear envelope enriched
fraction to decode further strategies in PRC2 mediated gene silencing at the nuclear periphery. We employed
protein-protein interaction studies, gene expression analysis and nuclear phenotype measurements using
confocal microscopy to analyse the selected candidates. Interestingly, we found that one of the potential
candidates, a chromatin-binding protein named as PWO1 interacting protein 1(PIP1) shows similar nuclear
morphology and interacts physically with both CRWN1 and PWO1. Thus, PIP1 might be most likely acting on
the same pathway connecting the PRC2 mediated gene silencing to the nuclear periphery.
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[455] THE END OF FLOWERING AND THE CONTROL OF SEED SET IN ARABIDOPSIS
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1
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Ecologically and economically, flowering is a critically important trait in plants. We know a huge amount about
how flowering is initiated, but much less about how the duration and intensity of flowering are controlled. In
Arabidopsis, the classic 'global proliferative arrest' model of Hensel et al suggested that cumulative seed set
determines the end of flowering, but for most plants this model does not work. We have revisited this phase of
development using a combination of phenotypic analysis, microsurgical and hormone/inhibitor treatment and
molecular genetics. We show that Arabidopsis floral duration is highly stereotyped, and is regulated by a local
'timer' on each inflorescence. However, this timer only starts when the first fruit are set. We show that the
intensity of flowering is defined by production of a global ‘target’ number of flowers (and not fruits), which
seems to be regulated by environmental conditions. The plant will still strive to achieve its target despite major
manipulations to shoot architecture, or continuous removal of flowers. We identify a fascinating and nonintuitive interplay of shoot architecture and seed set regulation. Arabidopsis makes two separable decisions
regarding shoot branch numbers, the first which is particularly sensitive to soil conditions, and the second to
light availability. Within the resulting branching framework, the inflorescence meristems systemically adjust
their rate of flower initiation 1) to achieve the target flower number and 2) to maintain ~50% of fruit on the
primary branches. We define the roles of auxin, cytokinin and gibberellin in the control of floral intensity and
seed set. Our work provides a framework for control of seed set in Arabidopsis, and we ultimately aim to
expand this framework to understand control of yield in crop species.
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[458] SHIFTING THE ON-OFF BALANCE-THE ROLE OF ASY1 PHOSPHORYLATION ON CHROMOSOME
AXIS FORMATION DURING MEIOSIS
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Meiosis is a specialized cell cycle in sexually reproducing organisms during which homologous chromosomes
recombine, followed by two rounds of chromosome division steps, producing haploid gametes each with an
individual genetic make up. Recombination is supported by a proteinaceous structure, called synaptonemal
complex, which is formed by the chromosome axis. Arabidopsis ASYNAPTIC 1 (ASY1) is one key component of
the axis that is loaded onto chromatin before synapsis of homologous chromosomes and depleted afterwards.
Although the binding of ASY1 to the chromosome axis is essential for synapsis, little is known about how its
dynamic localization is achieved. Using molecular, genetic and biochemical approaches next to live cell imaging,
we reveal that the dynamic assembly of the chromosome axis depends on the phosphorylation state of ASY1
that is mediated by the cyclin-dependent kinase CDKA;1, a key regulator of meiosis. We show that
phosphorylation of ASY1 promotes its binding to ASYNAPTIC 3 (ASY3), another central component of
chromosome axis. We find that the phosphorylation of ASY1 is thereby needed to antagonize its releasing
factor, an AAA-ATPase, called PACHYTENE CHECKPOINT 2 (PCH2). Taken together, our data uncover a
mechanism for the dynamic assembly of the chromosome axis during meiosis that shifts its formation from a
rigid “YES or NO” decision to a maneuverable mode.
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[460] THE ROLE OF CALLOSE AND CELL WALLS IN THE REGULATION OF SYMPLASTIC INTERCELLULAR
TRANSPORT
Yoselin Benitez-Alfonso1, Sam Amsbury1, Candelas Paniagua1
1
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The structural composition as well as the physical and mechanical properties of cell walls determine the growth
and development of plant cells. Plasmodesmata (PD) are intercellular membranous channels embedded within
distinct cell wall regions enriched in the (1,3)-β-glucan polymer callose. PD allow the cell-to-cell communication
of signalling molecules, proteins and RNAs, that coordinate developmental and environmental responses. PD
transport capacity is tightly regulated by callose accumulation however very little is known about how this
mechanism interacts with other cell walls functions. A combination of techniques including: Cell wall
Immunochemistry, Atomic Force Microscopy (AFM) and nanoindentation analysis; Scanning Electron
Microscopy (SEM), Nuclear Magnetic Resonance (NMR); rheology and Fourier Transformed Infrared (FTIR)
spectroscopy were used to study structural-physical properties that characterize callose interactions in
hydrogel models and transgenic Arabidopsis cell walls. Our data unveil a mechanism involving callose
interactions with cellulose and other cell wall glycan polymers highlighting the importance of the cell wall
environment in modulating callose function at PD. This knowledge will contribute to our understanding of the
role of cell walls in the regulation of PD function, which might open new possibilities to manipulate the
transport of mobile developmental regulators.
References:
1. Amsbury S, Kirk P, Benitez-Alfonso Y (2017) Emerging models on the regulation of intercellular transport by
plasmodesmata-associated callose. J Exp Bot. 69(1): 105-115, (2018).
2. Otero, S., Helariutta, Y. & Benitez-Alfonso, Y. Symplastic communication in organ formation and tissue
patterning. Curr Opin Plant Biol 29, 21-28 (2015).
3. Abou-Saleh R, Hernandez-Gomez M, Amsbury S, Matthieu Bourdon, Shunsuke Miyashima, Ykä
Helariutta,Fuller M, Budtova T, Connell S, Ries M, and Benitez-Alfonso Y. Interactions between callose and
cellulose revealed through the analysis of biopolymer mixtures. Under review by Nature Communication
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[462] DECIPHERING CDPK FUNCTIONS THROUGH IDENTIFICATION OF SUBSTRATES
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Calcium-dependent protein kinases (CDPKs or CPKs) are unique protein kinases able to sense variations of
calcium concentrations and translate them into phosphorylation events to modulate plant responses.
Arabidopsis genome contains 34 CPK members which mainly diverge in the N-terminal domain involved in
localization and substrate specificity, and in the C-terminal domain involved in calcium binding, allowing
decoding various calcium signals. Indeed, several functions of CDPKs have been reported in developmental
processes and stress responses that generate distinct modifications in calcium levels. However, few CDPK
substrates have been identified so far. Yet, characterizing CDPK substrates is crucial to understand the
molecular mechanisms underlying CDPK functions in signaling pathways. Focusing on CPK5, a key regulator of
biotic and abiotic stress responses, we have developed a phosphoproteomic approach to identify putative in
vivo CDPK substrates. We generated transgenic lines expressing a constitutively active form of CPK5, under the
control of a dexamethasone (DEX)-inducible promoter. In this transgenic line, the known CPK5 responses (cell
death and target gene expression) were specifically induced upon DEX treatment, unlike the DEX-inducible line
expressing a dead inactive form of CPK5. By comparing the phosphoproteome of the 2 lines, we identified 25
putative substrates whose phosphorylation increased in the CPK5-active line. Interestingly, half of the
candidates exhibit GO annotations in defense, stress and/or hormone signaling, which are consistent with CPK5
functions. Their validation and functional characterization are in progress.
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[468] TRANSCRIPTIONAL ANALYSIS TO STUDY THE ACQUISITION OF REPRODUCTIVE FATE IN SEXUAL
AND APOMICTIC BOECHERA
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The transition from sporophytic (somatic) to reproductive fate is an important step in the life cycle of higher
plants. Development of the female reproductive lineage (germline) in sexual plants starts with the selection of
a single somatic cell in the nucellus, which is a specialized part of the reproductive flower tissues (ovule). The
selected megaspore mother cell (MMC) undergoes meiosis to give rise to the functional megaspore (FMC), the
first cell of the gametophytic generation. The FMC subsequently develops into the mature gametophyte
harboring the female gametes, the egg and central cell. Apart from sexual reproduction asexual reproduction
through seeds (apomixis) is common in higher plants. To initiate development of an apomictic germline, the
MMC or apomictic initial cell either aborts meiosis to form an unreduced FMC (diplospory), or an additional
somatic cell specifying adjacent to the MMC adopts FMC fate without intervening division (apospory). While
knowledge about the gene regulatory mechanisms governing these developmental processes is still limiting,
apomixis likely derived from a deregulation of the sexual pathway several times independently. Thus, the
question remains if a common molecular mechanism is underlying in different apomicts. To study germline
formation during sexual versus apomictic reproduction we made use of the genus Boechera, which is closely
related to Arabidopsis. We used laser assisted microdissection in combination with RNA-Seq to analyse the
transcriptomes of reproductive nucellus tissues. Importantly, our study comprises two sexual and four
apomictic accessions belonging to four different Boechera species. The 9 libraries sequenced on the Illumina
NextSeq platform resulted in 27‘595‘928 to 96‘830‘008 reads per sample aligned to the B. stricta reference
genome. Detailed analysis of differential expression and independent data validation is currently ongoing and
will provide the basis to identify gene regulatory features shared or distinct in different apomictic Boechera.
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The transition to flowering is a crucial process in the life cycle of the Angiosperms and its strict genetical and
environmental control ensures plant reproductive success. The core genetic regulatory network of floral
transition was characterized by studying mutants and transgenic lines, but the knowledge about whole
transcriptome changes in the point of vegetative-to-reproductive meristem turn are limited. We have analyzed
gene expression in Arabidopsis thaliana shoot apical meristem (SAM) during 10 days of plant development
under long day (LD, 16 hours (h) light/8 h dark). We found a special time point between 10 and 12 days after
germination where negative floral regulator FLOWERING LOCUS C (FLC) and positive regulator LEAFY (LFY) have
equal relative expression level. At this time point massive changes in the expression of cell cycle-related genes
suggest the acceleration of cell division rate and partial cell cycling synchronization.
To expand the understanding of transition to flowering we have collected the time series of leaves under LD
matching our meristem data as well as time series of SAM and leaves under short day (SD, 8 h light/16 h dark).
We have identified differential expressed genes at consequent stages and found clusters of co-expressed
genes. We have analyzed gene expression in leaves with (LD) and without (SD) light induction which allow us
to create an upper part of floral transition gene regulatory network. The comparison of transcriptomes of SAM
under LD and SD revealed differences in transition to flowering driving by the light induction.
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The acetate-jasmonate signalling network is a novel essential mechanism for drought tolerance in plants (Kim,
J-.M. et al. Nature Plants 3, 17097 (2017)). In Arabidopsis, acetic acid is synthesized through the dynamic
metabolic flux conversion from pyruvate under drought conditions. Chromatin regulation factor HDA6 directly
regulates genes for acetate biosynthesis and functions as the ON/OFF switch of this metabolic conversion from
glycolysis to acetate biosynthesis pathway. Furthermore, we determined the two-way functional mechanism of
acetate for plant drought tolerance. The 1st way is “Acetic acid treatment excites transient jasmonate
biosynthesis and its signalling pathway”. By genetic analyses using aos and coi1 mutants, it is determined that a
jasmonate synthesis and jasmonate signalling pathway are both essential for plant drought tolerance. The 2nd
way is “Acetate was used as a substrate for histone acetylation to prime the genome activity”. A large part of
jasmonate signalling pathway genes for drought response is involved in the jasmonate responsive-genes
enriched histone acetylation by acetic acid treatment. Acetate promotes the two-way regulation that
jasmonate synthesis-signalling network and genome-wide histone acetylation. The acetate-jasmonate
signalling network for drought tolerance is highly conserved in plants, moss and fungi, evolutionally. Exogenous
acetic acid treatments can confer the remarkable drought tolerance in Maize, Rapeseeds, Rice, Wheat and
garden plants. Interestingly, the acetate-jasmonate signalling network is independent mechanism in early
phase of drought response and distinguished from ABA pathway for drought response. We will discuss this new
survival strategy that exploits an epigenetic switch of metabolic flux conversion, hormone signalling and
genome-wide histone acetylation to adapt to drought in plants.
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Tandem duplication and repeat expansion are key features found in numerous disease resistance gene clusters.
The expandable nature presumably contributes to diversify the immune receptor repertoire but is positively
correlated with the risk of autoimmunity. Here we present a case study of the non-canonical RPW8 disease
resistance cluster showing substantial cluster expansion by tandem duplication of the RPW8 members and
occasional repeat number variation found in some members. Autoimmunity case studies in A. thaliana F1
hybrid plants identified that the RPW8 locus recurrently generates autoimmune risk variants, each of which
acts with its cognate allele from the RPP7 NLR resistance gene cluster to trigger immune response. In the
eleven autoimmune hybrid cases involving an RPP7 allele from the accession Lerik1-3, the symptoms and
concomitant growth compromise showed quantitative variation, ranging from sublethal to mild with the
characteristic cell death spots on leaves. The incident of the autoimmunity faithfully associated with the SNPs
adjacent to the RPW8 locus in a GWAS analysis, and the SNPs turned out to tag a structural variation in the
natural populations. From the two hybrid cases, we identified the causal risk element to be the independent
repeat number variation with the unit length of 14 or 21 amino acids, which were found in the RPW8 members
nearest to the tagging SNPs. We show that naturally occurring repeat number variation in RPW8s can predict
hybrid performance, limited by autoimmunity and growth compromise, in the presence of a particular RPP7
NLR allele. The results suggest that an epistasis between immune loci can make an instrumental tool to predict
trade-off between growth and immunity. This work also emphasizes the importance of obtaining a full access
to the cluster topology of hypervariable resistance clusters to gain a predictive power in hybrid design.
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[512] TAKING THE NEXT HURDLE: MANAGEMENT OF ARABIDOPSIS PHENOTYPIC DATA WITH PIPPA
Stijn Dhondt1 2, Abbeloos Raphael1 2, Inzé Dirk1 2
1

VIB, Center of Plant Systems Biology, Zwijnaarde, Belgium, 2Ghent University, Department of Plant
Biotechnology and Bioinformatics, Zwijnaarde, Belgium
While digital phenotyping claimed his central role in many plant research projects, phenotypic data is being
produced at high speed and at high quantity. High throughput phenotyping platforms continuously generate
plant images with several modalities. Nowadays, the same system can acquire RGB, thermal infrared,
fluorescence and hyperspectral images and stores both environmental and weighing and irrigation data. The
next hurdle is to be able to properly manage the high amount of raw and derived data.
At VIB we developed PIPPA as a central database and web interface with image and data visualization and
analysis functionality. Several automated WIWAM phenotyping platforms, ranging from an XY table for
controlled irrigation and imaging of Arabidopsis to more crop-oriented systems, have been integrated with
PIPPA. The interface allows scientists to setup and analyse their own experiments, while keeping all data
together in a structured database. The database takes care of the data management and integration, linking
images, metadata, environmental data, and image analysis and measurement results. As the software package
is developed as a web interface, the tool is available on every computer within the department. Preprocessing
of images, such as cropping, can be automated and image analysis is performed by starting a task on the server
or computer cluster, for fast processing. The analysis framework is designed to support the integration of
external image analysis scripts. Furthermore, environmental measurements, weighing and irrigation output,
the experimental design, and image analysis results can all be graphically visualized within PIPPA, bringing the
plant phenotyping results to your fingertips. Current and future developments focus on the interoperability of
image processing tools and the public accessibility of raw phenotypic data to enable community based 'big
data' analysis initiatives.
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Communication between the male and female gametophytes is vital for fertilisation to occur in angiosperms. A
number of receptor-like kinases and their peptide ligands have been implicated in male-female interactions.
Notably the CrRLK1L family proteins of ANX1, ANX2, BUPS1 and BUPS2 are required to prevent pollen tube
burst before fertilisation, while the CrRLK1L protein FER is required for pollen tube burst upon entrance into
the female gametophyte. Here we show that two further CrRLK1L proteins act redundantly in pollen tube burst
at the female synergid cell. In the absence of ANJEA1 and its homologue ANJEA2, the majority of ovules are not
fertilised due to pollen tube overgrowth. Both proteins are localised to the filiform apparatus of the synergid
cells in the unfertilised ovule and act as female determinants for fertilisation. As in fer mutants, the synergid
cell-specific, endomembrane protein NTA is not relocalised after pollen tube reception, however ROS levels are
not affected in anjea1anjea2 mutants. ANJEA1 and ANJEA2 interact directly with LRE, a glycosylphosphatidylinositol-anchored protein known to act as co-receptor for FER at the filiform apparatus. We
conclude that ANJEA1/2 act in parallel with FER to mediate female-male gametophyte interactions during
fertilisation.
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[535] LRX- AND FER-DEPENDENT EXTRACELLULAR SENSING COORDINATES VACUOLAR SIZE FOR
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Cellular elongation requires the defined coordination of intra- and extracellular processes. The plant vacuoles
as well as the cell wall are key regulatory factors that jointly control this growth mechanism. Our results
indicate that the increase in vacuolar occupancy enables cellular elongation with relatively little enlargement of
the cytosol. It remains, however, completely unknown how the vacuolar size is coordinated with other growthrelevant processes. Here, we propose that extracellular constraints impact on the intracellular expansion of the
vacuole. The underlying cell wall sensing mechanism requires the interaction of the extracellular leucine-rich
repeat extensins (LRXs) with the receptor-like kinase Feronia (FER). Our data suggests that LRXs link the plasma
membrane localised FER with the cell wall, allowing this module to jointly sense and convey extracellular
signals to the underlying cell. This mechanism coordinates cell wall acidification/loosening with the increase in
vacuolar volume, contributing to cytosol homeostasis during plant cell expansion.
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Nitrogen availability in the soil is a major determinant of crop yield. While the application of fertiliser can
substantially increase the yield on poor soils, it also causes nitrate pollution of water resources and high costs
for farmers. Increasing the nitrogen use efficiency (NUE) in crop plants is a necessary step to implement low
input agricultural systems. We exploit the genetic diversity present in the world-wide Arabidopsis thaliana
population to study adaptive growth patterns and changes in gene expression associated with limited nitrate
availability. Two complementary populations of Arabidopsis thaliana sampled existing natural diversity: 98
accessions selected on the basis of genetic diversity and geographical origin, and a mixed population of RILs
(mRILs) assembled from 9 crosses involving 18 different parental accessions. As mRILs originate from recent
crosses, they offer the chance to uncover natural variation hidden in the accessions.
We show that the growth response to differing nitrate availability is highly variable in Arabidopsis accessions.
Analyses of vegetative shoot growth and root system architecture identified accession-specific reaction modes
to cope with limited nitrate availability. Transcription and epigenetic factors were identified as important
players in the adaption to limited nitrogen in a global gene expression analysis. Five nitrate-responsive genes
emerged as possible biomarkers for NUE in Arabidopsis. Most striking in a genome-wide association study were
eight marker-trait associations (MTAs) on chromosome 1 in a region harbouring three genes encoding
cysteine/histidine-rich C1 domain family proteins in tandem orientation. We found differences in methylation
in the promoter region of the candidate genes in accessions with contrasting behaviour on nitrogen.
The plasticity of plant growth in response to differing nitrate availability in the substrate allows access to a
multitude of genetic factors which can be used as tools to modulate and adjust plant systems to a wide range
of soil conditions.
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There is a growing evidence that genome-wide methylation plays an important role in local adaptation through
variation in gene regulation. In this research, we studied the transcriptomics and epigenetics in Arabidopsis
lyrata populations locally adapted to different altitudes and latitudes. Populations from Norway (Spiterstulen
and Lom) and Germany (Plech) were grown and phenotyped in a reciprocal transplant experiment in two
locations (high altitude Spiterstulen and low altitude Lom) in Norway. Spiterstulen and Lom populations were
locally adapted, with native populations having higher fitness than non-native ones at each site. RNA
sequencing, whole genome sequencing (WGS) and whole genome bisulfite sequencing (WGBS) were
performed. We investigated the genetic and plastic component of variation in differentially expressed genes
(DEGs), differentially methylated regions (DMRs), and rearrangements of transposable elements (TEs). Overall,
Norwegian populations were more highly methylated than the German population. Results showed that both
environmental effects on expression and methylation are larger than genetic differences in these closely
related populations. The common garden experiment in Arabidopsis lyrata, a model perennial plant, made it
feasible to study adaptive and plastic responses to the changing environment.
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[562] NOVEL CHLOROPLAST ACETYLTRANSFERASE NSI IS INVOLVED IN STATE TRANSITION IN
ARABIDOPSIS THALIANA
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Post-translational modifications (PTMs) are known to affect the activity, interaction, as well as localization of
proteins, thus enabling fast and efficient adjustments in plant metabolism in response to constantly changing
environment. As chloroplasts are the sites of distinct metabolic pathways including light reactions of
photosynthesis, carbon assimilation, hormone and amino acids biosynthesis, PTMs of chloroplast proteins are
likely to be important in the regulation of plant performance. In addition to phosphorylation, the best-studied
PTM regulating photosynthetic reactions, also other modification types such as reversible acetylation of lysine
(Lys) residues have been recently identified in chloroplasts. As Lys acetylation neutralizes the positive charge
on the Lys residue, it has numerous implications in biologic processes. However, the acetylation machinery and
the functional significance of Lys acetylation in chloroplasts have remained elusive.
In the present study we have identified the enzyme NUCLEAR SHUTTLE INTERACTING (NSI) as an active Lys
acetyltransferase in the chloroplasts of Arabidopsis thaliana. Quantitative mass spectrometry analyses of
Arabidopsis knock-out lines lacking NSI have revealed differences in acetylation status of several chloroplast
proteins including subunits of photosynthetic light reactions and light harvesting complex. Further
characterization of the nsi lines showed that the mutants are not able to undergo state transitions in response
to changes in illumination, even though the plants had wild type levels of LHCII phosphorylation. The results
suggest that Lys acetylation by NSI may be critical for the dynamic rearrangements of thylakoid membranes
(i.e. state transitions).
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[563] MULTIPLE SIGNAL INTEGRATION - HOW LIGHT AFFECTS STRESS RESPONSES
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Light and temperature are two main factors that enable plants to sense seasonal changes and adjust growth,
defense, and transition to flowering according to the prevailing conditions. In order to integrate the multitude
of signals that plants are exposed to, complex signaling networks have evolved. We are investigating signaling
mechanisms that determine plant stress sensitivity under different light conditions. ROS signaling together with
the phytohormone salicylic acid (SA) are playing major roles in stress response and may lead to activation of
either protective redox-poising mechanisms or programmed cell death.
We are studying the response of Arabidopsis to ozone as an inducer of apoplastic ROS production under
different growth day lengths. LD-grown plants are more sensitive to ozone than SD-grown plants and exhibit
more cell death. SA-signaling plays an important role in this process, particularly under LD conditions, since lack
of stress-induced SA renders plants even more sensitive than wild type plants. Interestingly we identified ICS1,
the rate-limiting enzyme in stress-induced SA biosynthesis, as phosphoprotein. Currently we are investigating
the effect of phosphorylation of ICS1 on stress response by in vitro as well as in vivo techniques.
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[588] ALTERATION OF THE FEMALE MICROTUBULE/CELL WALL NETWORK AFFECTS POLLEN TUBE
GROWTH BEHAVIOR
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In plants, the first interaction that happens between the pollen grain and the epidermal cells of the stigma, the
so-called papillar cells, is crucial for successful reproduction. When accepted, the pollen germinates and emits
a pollen tube that transports the two sperm cells to the ovules where fertilization occurs.
The pollen tube grows within the cell wall of the papillae, applying pressure to the wall. Such forces are known
to alter the cortical microtubule (CMT) network. Here, by combining cell imaging and genetic approaches, we
investigated whether CMTs of papillar cells might contribute to pollen tube growth. We found that the
Arabidopsis katanin (ktn1) mutant, which has defects in CMT pattern and dynamics, exhibits a pollination
phenotype. While wild-type (WT) pollen tubes grow straight in the cell wall of WT stigma papillae, they make
turns within ktn1 cell wall before reaching the basis of papillae. We could partially phenocopy this phenotype
by treating WT papillae with the microtubule-depolymerizing drug, oryzalin. As CMT pattern is linked to
cellulose microfibril organization, and hence possibly to cell-wall stiffness, we assessed the stiffness of ktn1
papillae using Atomic Force Microscopy. We found that ktn1 papillae have a softer cell wall compared with WT
cells, suggesting that the pollen tube growth phenotype might be dependent on cell wall alteration. We tested
a series of cell wall mutants, including mutants described to exhibit CMT disorganization and decreased cell
wall rigidity and, astonishingly, none of them used as female induced turns of WT pollen tubes. Altogether, our
results suggest that both Katanin-dependent organization of CMT and cell wall properties have a major role in
guiding pollen tube growth in stigma papillae. We are currently modeling the pollen-stigma interaction to
investigate the potential impact of stigmatic mechanical forces on pollen tube behavior.
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Plant cell walls not only act as a protective barrier surrounding protoplasts but serve as signaling platform
between the extracellular environment and the intracellular physiology. An important component of cell walls
in growing cells is the pectin matrix. The backbone of the complex pectic heteropolysaccharides consists of
homogalacturonans which are highly methylesterified. Selective demethylesterification enables the formation
of cross-links with calcium ions (Ca2+). We hypothesized that divalent cations of heavy metals and trace
elements interfere with cell walls, partially by replacing Ca2+ in those cross-links. We found that exposure to
metal ions leads to changes in the abundance of cell wall components and modification of pectin. Our main
goal was to determine whether the cell wall integrity sensors of the Catharantus roseus receptor like kinase1like (CrRLK1L) family are involved in recognizing and distinguishing metal ion induced cell wall changes. From
the 17 CrRLK1L members in Arabidopsis thaliana FERONIA directly interacts with polygalacturonic acid [1]. In a
molecular genetic approach, we found that growth and cell expansion was significantly altered in mutants of
FERONIA, THESEUS1, HERCULES1 and 2, in response to copper (Cu2+), nickel (Ni2+), zinc (Zn2+), cadmium (Cd2+),
and lead (Pb2+) in an organ specific manner [2]. We further generated mutants of a subfamily of four clustered
CrRLK1L named MEDOS by CRISPR/Cas9 gene editing. Quadruple mds mutants behave antagonistically to the16 on Ni2+ and Cd2+ in hypocotyl elongation and root growth, respectively, while they performed similar to fer-4
on Ni2+ in hypocotyl elongation. Our findings support the model of a metal ion and organ specific network of
positively and negatively acting CrRLK1Ls.
The project is supported by a grant of the Austrian Science Fund FWF I 1725-B16.
[1] Feng W. et al. 2018, Current Biology 28, 1–10
[2] Richter J. et al. 2017, Front. Plant Sci. 8, 1–12

67
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Inhibition of photosystem I (PSI) takes place when the rate of electron transport from PSII exceeds the capacity
of stromal electron acceptors, occurring during chilling stress conditions and transitions from low to high light
intensity. PSI photoinhibition is caused by inactivation of iron-sulphur (FeS) clusters by reactive oxygen species
(ROS). We used light treatments of Arabidopsis thaliana to induce PSI photoinhibition, after which plants were
allowed to recover in normal growth conditions. We studied the effects of inhibition and recovery on
photosynthesis, metabolism and chloroplast signalling.
Recovery of full PSI activity (Pm) after severe photoinhibition was found to occur slowly over five days, in
contrast to PSII function (Fm) that recovered within 24 hours. Carbon dioxide (CO 2) fixation under growth light
was restored to the same level as in untreated control plants after 24 hours of recovery, despite these plants
having 50% lower PSI activity than controls. PSI photoinhibition was also found to have significant negative
impacts on the accumulation of starch and sugars, and on the rate of night-time respiration.
PSI photoinhibition induced the expression of nuclear gene networks related to biotic stress defence and
systemic acquired resistance. Significant enrichment of 12-oxo-phytodienoic acid (OPDA) and jasmonateresponsive genes indicated that enzymatically-synthesised oxylipins are prominent signals under this condition,
suggesting the involvement of singlet oxygen (1O2) as the primary photosynthetic signal. Fluorescence
measurements suggest that increased excitation pressure on PSII during recovery from PSI photoinhibition may
be the source of 1O2 production.
Our results show the effects of PSI photoinhibition on plant metabolism to be relatively minor, while the
induction of signalling through changes to photosynthetic redox poise may be an important mechanism of
signalling in response to a range of environmental stresses, with particular relevance to pathogen attack.
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[600] THE RECEPTOR-LIKE PSEUDOKINASE GHR1 REGULATES STOMATAL CLOSURE
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Guard cells form stomatal pores on leaf surfaces and sense and respond to diverse stimuli optimizing
photosynthetic carbon dioxide uptake with minimal water loss. Stomatal closure is controlled by complex
signaling networks leading to activation of ion channels. Here we show that the leucine-rich repeat receptorlike kinase (LRR-RLK) GUARD CELL HYDROGEN PEROXIDE-RESISTANT1 (GHR1) identified in two separate
forward-genetic ozone-sensitivity screens is an integral regulator of stomatal response to ROS, ABA, elevated
CO2, darkness, and during diurnal cycles. In silico analyses and in vitro kinase assays suggest that GHR1 is a
pseudokinase without kinase activity. Site-directed mutant studies demonstrated that residues essential for
ATP-binding are not required for the function of GHR1 in the activation of SLOW ANION CHANNELASSOCIATED1 (SLAC1) anion currents in Xenopus oocytes or for GHR1 function in stomatal regulation in planta.
Functional analysis of GHR1 protein variants suggest that the function of GHR1 in stomatal regulation is based
on scaffolding properties of the protein. The results also suggest that GHR1-mediated activation of SLAC1
occurs via interacting proteins and that Ca2+-DEPENDENT PROTEIN KINASE3 (CPK3) interacts with GHR1.
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[604] NATURAL VARIATION OF GENE REGULATORY NETWORKS IN ARABIDOPSIS THALIANA
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1
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Germany
”Understanding the causal relationship between genotype and phenotype is a major objective in biology. The
main interest is in understanding trait architecture and identifying loci contributing to the respective traits.
Genome-wide association mapping (GWAS) is one tool to elucidate these relationships and has been
successfully used in many different species. However, most studies concentrate on marginal marker effects and
ignore epistatic and gene-environment interactions. These interactions are problematic to account for, but are
likely to make major contributions to many phenotypes that are not regulated by independent genetic effects,
but by more sophisticated gene-regulatory networks. Further complication arises from the fact that these
networks vary in different natural accessions.
However, understanding the differences of gene regulatory networks and gene-gene interactions is crucial to
conceive trait architecture and predict phenotypes.
The basic subject of this study – using data from the Arabidopsis 1001 Genomes Project – is the analysis of premature stop codons. These have been incurred in nearly one-third of the ~ 30k genes. A gene-gene interaction
network of the co-occurrence of stop codons has been built and the over and under representation of different
pairs has been statistically analyzed. To further classify the significant over and under represented gene-gene
interaction in terms of biological process of the encoded proteins, gene oncology terms (GO-SLIM) have been
applied. Furthermore, co-expression analysis specifies gene clusters that co-occur over different genetic and
phenotypic backgrounds.
To link these patterns to evolutionary constrains, spatial location of the respective alleles have been analyzed
as well. The latter shows clear patterns for certain gene pairs that indicate differential selection.”
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The genetic code of an organism resides in densely packed chromatin that contains DNA-histone complexes
called nucleosomes. The fundamental process of transcribing the genetic code requires the opening and closing
of different regions of chromatin in a highly orchestrated manner. This is particularly true during
developmental switches such as the change from vegetative to reproductive growth and floral organogenesis
in plants. Certain TFs, called pioneer TFs, are able to bind their cognate sites even in regions of closed
chromatin, allowing the opening of these regions and rendering them competent for gene expression either
directly or through the recruitment of chromatin remodelers. SEPALLATA 3 (SEP3), a MADS transcription factor,
is a key factor during floral organ development in Arabidopsis thaliana and has been suggested to have pioneer
activity based on genome-wide studies (1). We recently demonstrated that heterotetramer formation
between SEP3 and the MADS TF, AGAMOUS, is required for flower determinacy by regulating the expression of
two downstream genes, KNUCKLES (KNU) and CRABSCLAW (CRC). MNase data shows that both genes are
strongly associated with closed chromatin. Based on our data examining the role of oligomerisation in the
pioneer function of SEP3, we demonstrate that tetramerisation is required for KNU and CRC activation and
hypothesise that co-operative DNA binding is needed for SEP3’s pioneer activity. In addition, we examined
whether SEP3 tetramers and dimers were able to recruit chromatin remodellers and further mapped these
interactions to specific domains. Taken together, co-operative DNA binding by tetrameric SEP3 complexes as
well as the ability to recruit chromatin remodelers for nucleosome repositioning contribute to the pioneer
activity of SEP3. Results are unpublished or recently published (2).
1. Pajoro et al, 2014, Genome Biology, 15:R41
2. Hugouvieux et al., NAR, 2018 in press
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Post-translational regulation of metabolic enzymes by reversible phosphorylation provides a rapid means to
adjust metabolic activities in stress-exposed plants. Protein phosphatase 2A regulatory subunit B’γ (PP2A-B’γ) is
a key component required to control ROS-induced metabolic changes including components in cytoplasmic
signalling network as well as in the primary metabolism. Aconitases, which catalyse the conversion of citrate to
isocitrate, are employed in different key cycles of primary in cytoplasm and mitochondria. Additionally, their
substrate citrate has been connected with metabolic signalling and shown to regulate the abundance of
mitochondrial alternative oxidases (AOXs), which are essential in guarding plants against over-reduction of the
mitochondrial electron transport chain. In Arabidopsis, a specific ACONITASE 3 (ACO3) isoform undergoes
phosphorylation of Ser91 in the cytoplasm, where its phosphorylation level is modulated by PP2A-B’γ. By
biochemical analysis of phosphodeletion and phosphomimetic mutants of ACO3 we show that phosphorylation
promotes ACO3 protein abundance, which further correlates with increased abundance of AOX1a. In
germinating seedlings, increased ACO3 abundance also correlates with enhanced tolerance to methylviologen
induced oxidative stress. These findings highlight the role of post-translational regulation of metabolic enzymes
in cell redox signalling and metabolic homeostasis in plants.
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Nonsense-mediated mRNA decay (NMD) is a eukaryotic RNA surveillance mechanism that degrades aberrant
transcripts, including mutated transcripts with pre-mature termination codons (PTCs) as well as transcripts
derived from pseudogenes, transposable elements, and aberrant mRNA-like non-coding RNAs. Moreover, NMD
controls the levels of many normal mRNAs with cis-elements that can be recognized as PTCs. These elements
include features that are abundant in normal mRNAs, such as long 3' untranslated regions (3' UTRs) and
upstream open-reading frames (uORFs). About 35% of all Arabidopsis thaliana genes include at least one
uORF. We found that even a short uORF can efficiently target its mRNA for degradation by NMD. Considering
its major impact on the plant transcriptome, it is important to understand how the NMD pathway is regulated.
We found that the Arabidopsis NMD factor UPF3 is regulated by a negative feedback loop that subjects UPF3
mRNA to NMD. This feedback control is mediated by the long 3' UTR of UPF3 and by other regulatory elements
of this gene. We further showed that a delicate balancing of UPF3 expression by this feedback loop is very
important for the overall regulation of NMD in Arabidopsis. We also found that UPF3 plays a role in Arabidopsis
response to salt stress. UPF3 expression is induced by salt stress, and the balanced expression of this gene is
essential for coping with this stress. These findings demonstrate the physiological significance of proper NMD
balancing in Arabidopsis.
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”5-Aminolevulinic acid (ALA) is the common precursor of all tetrapyrroles. In plants, ALA is synthesized from
glutamyl-tRNA(Glu) in a two-step reaction. The activated glutamate is first reduced to glutamate-1semialdehyde (GSA) by glutamyl-tRNA reductase (GluTR). Glutamate-1-semialdehyde aminotransferase (GSAT)
then converts GSA into ALA by pyridoxamine-5’-phosphate-dependent amino-group transfer. The GluTR
reaction is commonly accepted to be the rate-limiting step in ALA synthesis in plants. The metabolic activity of
the ALA-synthesizing enzymes GluTR and GSAT determines the levels of tetrapyrrole precursors, which are in
turn allocated to the two branches of the pathway for the synthesis of chlorophyll and heme. Our studies
revealed that GluTR is controlled by multiple posttranslational mechanisms. The best known regulators of ALA
synthesis are FLUORESCENT IN BLUE LIGHT (FLU), which was first identified as a negative key regulator in a
mutant screen for etiolated seedlings, and the GluTR-binding protein (GBP) which was proposed to facilitate
ALA synthesis by membrane-associated GluTR for the maintenance of heme synthesis when ALA synthesis is
partially suppressed in the dark. Heme-dependent feedback inhibition of ALA synthesis has been reported,
however the mechanism still needs to be elucidated. Redox-dependency of GluTR stability and ALA synthesis
and Clp-dependent proteolysis of GluTR have been investigated in our laboratory. Very recently, we described
a chaperone function of cpSRP43 on GluTR. The substrate-binding domain of cpSRP43 binds to the N-terminal
region of GluTR, which harbors aggregation-prone motifs and efficiently prevents aggregation of GluTR (Wang
et al., PNAS, 2018). In conclusion, these multiple strategies of posttranslational control of ALA synthesis help
plants to adjust their Chl synthesis rate in parallel of the functioning of photosynthesis and in response to
fluctuating environmental conditions.”
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Plant pathogens need to suppress defence responses to establish a successful infection. RNA interference
(RNAi) is considered the main anti-viral defence mechanism, but recently it has become clear that plants have
additional strategies against viral invasion, including production of defensive hormones such as salicylic acid
(SA). C4 is a protein encoded by Tomato yellow leaf curl virus (TYLCV) that is essential for infectivity, but of
which the molecular function remains obscure. Our results indicate that C4 localizes in two distinct subcellular
compartments, namely plasma membrane (PM)/plasmodesmata (PD) and chloroplasts. This double localization
correlates with the presence in C4 of two targeting signals: an N-myristoylation motif required for PM
localization, and a chloroplast transit peptide. Interestingly, we have found that PM-localized C4 can suppress
the cell-to-cell movement of RNAi by targeting two plant receptor-like kinases, namely BAM1 and BAM2, at PD.
On the other hand, chloroplast-localized C4 interferes with retrograde signaling, suppressing activation of SA
biosynthesis upon pathogen challenge. Therefore, C4 plays a dual role in the suppression of plant defences to
promote the viral infection; the study of the underlying virulence mechanisms is shedding light on the
regulation of these plant processes. Our results illustrate how subcellular compartmentalization of pathogen
effectors can underlie functional diversity, leading to multifunctionality, and how these proteins can be used as
probes for plant functions.
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Eukaryotic cells determine cell shape and growth direction through spatiotemporal regulation of RhoGTPases, small molecular switches that drive processes as diverse as vesicle trafficking or modulation
of cytoskeleton and cell wall components. In tip-growing plant cells, such as pollen tubes and root
hairs, Rho-GTPases of plants (ROPs) play a pivotal role by locally activating the growth machinery at a
select site at the plasma membrane. While numerous components of the growth machinery have
been elucidated in the past, it remains largely unknown how ROPs mark the future site of polar
growth and how all components are initially assembled and temporally interconnected to initiate
growth.
Using the Arabidopsis root as a developmental time axis of cell differentiation, we systematically
mapped the localization of fluorescently labeled components of the growth machinery and compiled
a timeline of their targeted deployment during the formation of the root hair initiation domain
(RHID). RHID formation occurs in temporally separate phases, with an initiation phase, characterized
by the polar association of ROPs and their regulators, followed by the bulging phase with bulk protein
recruitment and activation of polar outgrowth. We identified markers that associate with the RHID
prior to ROP2, indicating putative roles in RHID initiation and/or ROP recruitment. In loss-of-function
mutants for these candidates, polar ROP2 localization and, consequently, root hair initiation was
impaired. Upon overexpression of selected markers, ectopic polar domains formed at the plasma
membrane that recruited ROP2. Our approach thus provides a spatiotemporal protein map of the
different phases of root hair formation and identified a putative landmark for Rho-GTPase
recruitment during the establishment of the new growth axis.
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Post-translational regulation of metabolic enzymes allows instant reprogramming of metabolic activities and
elicitation of chemical defences in stress exposed plants. In cruciferous species, exposure to pathogens or pests
leads to modification and degradation of glucosinolates, which are abundant Sulphur-rich secondary
compounds that yield deterring degradation products commonly known as the “mustard bomb”. While the
transcriptional regulation governing the biosynthesis and modification of glucosinolates has become relatively
well understood, post-translational mechanisms underlying rapid structural modification of glucosinolates have
drawn less attention. We find that protein phosphatase 2A regulatory subunit B’γ (PP2A-B’γ) negatively
regulates cellular trans-methylation capacity and controls the formation of 4-methoxy-indol-3-yl-methyl
glucosinolate (4MO-I3M) in Arabidopsis leaves. We also identify a physically interacting protein kinasephosphatase pair that exerts counteracting effects on the activated methyl cycle, which is responsible for the
maintenance of trans-methylation capacity in stress-exposed leaves. These findings highlight the key role of
post-translational regulation in secondary metabolism and provide a previously unrecognized perspective for
metabolic engineering of glucosinolate metabolism in cruciferous plants.
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Multicellular organisms rely upon the movement of signal molecules across cells, tissues and organs to
communicate among distal sites. In plants, the translocation of phytohormones occurs through different
transport pathways and ensures effective spatial and temporal coordination of growth and development in
response to internal and environmental cues. For instance, localized tissue damage provoked by mechanical
wounding, herbivory or necrotrophic pathogens induce both proximal and distal defense responses, which are
regulated by the bioactive conjugate of jasmonic acid (JA) JA-isoleucine. We have formerly shown that JA or JAprecursors produced after wounding translocate from damaged shoots to unwounded Arabidopsis roots.
However, our current understanding of jasmonates’ transport is still largely incomplete. Here, we investigated
which JA species translocate to undamaged roots following shoot wounding. By coupling grafting experiments
to hormone profiling and by closely monitoring tissue regeneration during graft formation, we detected the
mobile JA species mediating shoot-to-root coordination of defense responses. Our findings extend previous
knowledge on the transport of jasmonates and pave the way to identify the molecular mechanisms of their
transport in vascular plants.
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[635] NUCLEAR PROTEIN RCD1 ON THE CROSSROADS OF MITOCHONDRIAL AND CHLOROPLASTIC
SIGNALLING PATHWAYS
Alexey Shapiguzov1, Julia Vainonen1, Kerri Hunter1, Arjun Tiwari2, Sari Järvi2, Helena Tossavainen3, Maarit
Hellman3, Fayezeh Arabi4, Nina Sipari1, Lauri Nikkanen2, Katrien Van Der Kelen5, Julia Krasensky-Wrzaczek1,
Jarkko Salojärvi1, Mikael Brosché1, Markku Keinänen6, Esa Tyystjärvi2, Eevi Rintamäki2, Bert de Rybel5, Alisdair
Fernie4, Frank van Breusegem5, Michael Wrzaczek1, Perttu Permi3, Eva-Mari Aro2, Jaakko Kangasjärvi1
1
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Signalling by reactive oxygen species (ROS) plays decisive roles in plant stress responses and development.
Arabidopsis RCD1 protein is a nuclear-localized transcriptional co-regulator involved in at least two ROSsignalling pathways. With its C-terminal RST domain it specifically binds and inhibits activity of ANAC013 and
ANAC017 transcription factors. These transcription factors are the mediators of mitochondrial ROS signalling,
which induce transcription of the so-called mitochondrial disfunction stimulon (MDS). Accordingly, expression
of MDS genes is increased in the rcd1 mutant. Redox states of RCD1 cysteines are sensitive to ROS generated
by the chloroplasts. Chloroplastic ROS production leads to fast oxidation of RCD1 thiols and to formation of
thiol-bound RCD1 oligomers. We hypothesize that through this redox regulation of RCD1 chloroplastic ROS
influence expression of MDS genes and thus mitochondrial functions. Moreover, our studies reveal that
expression of MDS also affects electron transfer in the chloroplasts. This occurs through an inter-organellar
electron transfer pathway that includes mitochondrial alternative oxidases (AOXs) and the malate shuttle. This
pathway likely affects partitioning of electrons generated by photosynthesis at the electron-acceptor side of
Photosystem I. Directing of these electrons to mitochondria where they are scavenged by AOXs creates an
electron sink for photosynthesis, which competes with the ROS-generating electron flow to molecular oxygen.
Thus, the described molecular mechanism affects cellular ROS signalling pathways and adjusts energy
metabolism by balancing distribution of reducing power between the two types of energy organelles.
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[638] EVOLUTION OF THE DUF26-CONTAINING GENE FAMILY IN PLANTS
Aleksia Vaattovaara1, Sitaram Rajaraman1, Omid Safronov1, Markéta Luklová1, Jaakko Kangasjärvi1, Ari
Löytynoja1, Jarkko Salojärvi1, Michael Wrzaczek1
1

University of Helsinki, Helsinki, Finland

Linking gene family expansions to the functional evolution of proteins is an interesting challenge in
evolutionary biology and plant physiology alike. Plants contain a large number of receptor-like protein kinases
(RLKs) to be able to respond to changes in their environment. The cysteine-rich receptor-like protein kinases
(CRKs) are distinguished from the other RLKs based on their extracellular region which typically contains two
DUF26 (domain of unknown function 26; stress-antifung domain, PF01657) domains. The DUF26 domain
contains the conserved cysteine motif C-8X-C-2X-C and is also found in two groups of receptor-like proteins,
the plasmodesmata-localized proteins (PDLPs) and the cysteine-rich receptor-like secreted proteins (CRRSPs).
In order to understand the evolution of the DUF26 genes, we identified gene models containing the DUF26
domain from 32 algal and plant genomes. Manually curated DUF26 protein sequences were used for
construction of phylogenetic trees and analysis of domain composition rearrangements and duplication
mechanisms.
The DUF26 domain was found only in land plants based on the protein sequence motif. Our data suggests that
genes containing one DUF26 domain appeared for the first time in liverworts and two DUF26 domains in
lycophytes. Intriguingly, in genes with two DUF26 domains, the first and the second domain have differentiated
into specific forms with unique sequence context surrounding the conserved cysteines. There is also
considerable variation within DUF26 domains between the different phylogenetic subgroups. This variation
likely has functional and structural importance. In Angiosperms, in particular CRKs have expanded as the result
of tandem duplications in different lineages. This might be linked to the roles of CRKs in stress adaptation.
While CRKs, PDLPs and CRRSPs share a common ancestor they underwent different domain rearrangements
and expansions including exchange of kinase domains and secondary evolution of CRRSPs from CRKs.
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[645] SEQUENCING OF SPO11-1-OLIGONUCLEOTIDES IN H2A.Z DEPOSITION MUTANT IN
ARABIDOPSIS
Kyuha Choi1, Juhyun Kim1, Jaeil Kim1, Jihye Park1, Hanul Kim1, Enjin Jeon1
1
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Meiotic recombination is initiated by a widely conserved SPO11 transesterase-mediated DSBs. The meiotic DSB
landscapes vary among species and depend on either specific DNA sequence or chromatin structure. By
sequencing Arabidopsis SPO11-1-oligonucleitides we found that meiotic DSB frequency and distribution are
quantitatively correlated with chromatin accessibility. Consistently, DNA methylation and H3K9 dimthylation
inhibit meiotic DSB formation around hetetochromatic pericentromeres and centromeres. However, how
chromatin remodeling factors including SWR1-complex influence the meiotic DSBs remain elusive in
Arabidopsis. We mapped a high-profile DSB landscape in arp6 mutant, defective in H2A.Z deposition. The ATPdependent SWR1 chromatin remodeling shapes meiotic DSB pattern around gene promoters and terminators.
Our results provide an insight into how meiotic recombination initiation is finely controlled by SWR1 chromatin
remodeling complex.
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[659] JOINT FORCE:A PLASMA MEMBRANE-CYTOSKELETON NEXUS INVOLVING THE KINESINSEPARASE COMPLEX(KISC) LINKING PROTEOLYSIS WITH PLANT DEVELOPMENT
Chen Liu1, Panagiotis Nikolaou Moschou2
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The cytoskeleton, the ubiquitin-proteasome system (UPS) and specific domains at the plasma membrane play a
key role in integrating exogenous cues to a cellular response. How this integration is achieved and transduced
is a still lingering question with important ramifications for the regulation of plant development. We previously
discovered the microtubule-based kinesin-separase complex (KISC), comprising three microtubule motors of a
plant-specific subclade of the kinesin 14 subfamily kinesin (Kin) 7.3-clade and the evolutionarily conserved
protease separase (Moschou et al., 2016; Liu and Moschou, 2017). The KISC modulates development by largely
unknown mechanisms that involve remodeling of microtubules and proteolysis of as yet unidentified
substrates which culminate in activation of phytohormone signaling (Liu et al., 2017). Here, we unveil a
molecular mechanism for KISC functions. Through an integrated interactomics approach that includes affinity
pull-downs (tandem-affinity purifications and GFP-trapping coupled with mass-spectrometry) and yeast twohybrid assays, we identified KISC effectors in Arabidopsis. These effectors include components of plasma
membrane microdomains, regulators of cytoskeleton and UPS. High-resolution live cell imaging of a Kin7.3mNeon translational fusion in Arabidopsis roots, revealed that KISC components serve as bridges between the
cytoskeleton and plasma membrane microdomains, which are enriched in signaling components. Accordingly,
KISC depletion in loss-of-function mutants or interference with KISC function using dominant negative mutants
leads to defects reminiscent of UPS signaling mutants with narrow and twisted cotyledons and leaves, aberrant
venation patterns, and abnormal shoot development. We propose that KISC coordinates a previously unknown
signaling nexus that involves membranous microdomains, UPS, and microtubules to regulate plant
development.
References
1.Liu C et al., 2017. New Phytol. doi: 10.1111/nph.14501
2.Liu C et al., 2017. bioRxiv. doi: 10.1101/140962.
3.Moschou PN et al. 2016. Dev. Cell 37: 350 doi: 10.1016/j.devcel.2016.04.015
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[663] DYNAMIC INTERPLAY BETWEEN PHOSPHORYLATION AND UBIQUITINATION DURING PLANT
RECEPTOR KINASE-MEDIATED IMMUNITY
Maria Derkacheva1, Shushu Jiang1 2, Paul Derbyshire1, Lena Stransfeld1, Frank Menke1, Cyril Zipfel1
1
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The first layer of plant immunity is mediated by the recognition of conserved microbial features known as
pathogen-associated molecular patterns (PAMPs) by plasma membrane-localized pattern recognition receptors
(PRRs). It leads to PAMP-triggered immunity (PTI) that restricts the multiplication of most potential pathogens.
An immediate downstream substrate of activated PRR complexes is the cytoplasmic kinase BIK1, which
regulates PTI signalling triggered by several PAMPs. However, the BIK1 downstream targets are mostly
unknown. Here, we report the identification and characterization of an E3 ubiquitin ligase, named CBSP36, as a
novel candidate BIK1 substrate protein (CBSP). CBSP36 is part of a dynamic complex with the PRRs FLS2 and
EFR and their co-receptor BAK1, and it interacts with and is phosphorylated by BIK1. Our genetic data suggest
that CBSP36 acts as a positive regulator of PTI triggered by multiple PAMPs. These data suggest that CBSP36
may either poly-ubiquitinate negative regulator(s) of PTI leading to its/their subsequent proteasomal
degradation, or, alternatively, that it may activate positive regulator(s) of PTI through different type of
ubiquitination marks. We will present these data, as well as our efforts to identify CBSP36 substrates, and to
understand the role of BIK1-mediated phosphorylation on CBSP36 function during plant immunity.
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[668] SPECIFIC UBIQUITIN LINKAGES MAY REGULATE PLANT IMMUNITY
Beatriz Orosa1, Steven Spoel1
1
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Building, Edinburgh, United Kingdom
Ubiquitination, the covalent attachment of ubiquitin molecules to proteins, is a crucial mechanism for rapid
regulation of cell signalling in eukaryotic cells. Recent studies indicate that ubiquitination plays a major role in
response and adaptation to biotic and abiotic stressors such us drought, salinity, temperature or pathogens.
Ubiquitin can form various homo- and heterotypic polymers on substrate proteins. To date, eight different
types of ubiquitin chain linkages have been identified, and the identity and length of the chain can determine
the consequences for the ubiquitin-modified target protein, ranging from degradation to functional
modifications.
In order to understand how different ubiquitin linkages regulate stress response to pathogens, we performed
pull downs with immobilised ubiquitin-binding domains to identify and study ubiquitin chains and target
proteins in response to the immune hormone salicylic acid (SA) and infection by the bacterial leaf pathogen
Pseudomonas syringae. Our results show that in response to SA and pathogen infection, plant cells increase the
levels of ubiquitinated proteins and that the ubiquitin-proteasome system (UPS) degrades ubiquitinated
proteins as part of the immune response. Interestingly, only certain ubiquitin linkage types, including linear
chains, accumulated in response to SA and pathogens, suggesting these are specifically associated with
immune responses. However, various other ubiquitin linkage types accumulated upon inhibition of the
proteasome, implying the presence of hybrid ubiquitin linkages or activation of alternative non-proteolytic
ubiquitination pathways. In conclusion, our results indicate that specific ubiquitin chain linkages and the
ubiquitin-proteasome system may play important roles in establishing successful immune responses.
Elucidating the ubiquitinated protein targets and associated ubiquitin chain topologies will provide a deeper
understanding of how post-translational modification by ubiquitin acts as a master regulator of immune
responses.
Yes
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[669] A KINESIN PROTEIN REN9 LINKS THE ER TO MICROTUBULES FOR GENERATION OF FINE ER IN
GROWING ROOT HAIR CELLS
Mi Zhang1, Xingyun Qi1, Jiaqi Sun1, Hugo Zheng1
1
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The endoplasmic reticulum (ER), a large and dynamic membrane-bound network found in eukaryotic cells,
plays important functions in protein and lipid biosynthesis and Ca2+ homeostasis during cell growth. Due to the
fine and dense structure of the ER, little is known regarding to the detailed mechanism of ER shaping during
polarized cell growth. RHD3 encodes an ER-shaping protein, and root hairs in rhd3 are short and wavy. Using
rhd3 as a model, we identified an rhd3 enhancer9 that shows short and curly root hairs. REN9 encoded a
Kinesin like protein. By monitoring YFP-RabA2a (labelling secretory vesicles) and YFP-CLSD3 (labelling plasma
membrane targeting) in growing root hairs, we revealed that the enhancer effect in root hair growth between
ren9 and rhd3 arises from defective target of secretion. REN9 is localized to the plus end of microtubules in the
growing front of root hair cells. It is known that the ER and microtubules interplays in tip growth of root hairs.
Interestingly, in rhd3 and ren9, the microtubule (MT) and the ER morphology are defective, this defective in
synthetically enhanced in rhd3 ren9. We found that REN9-GFP and RFP-RHD3 co-move in growing front during
the growth of root hair cells. Furthermore, in the ren9 mutant, defective morphology and reduced motility of
YFP-RHD3 was detected, in the meantime, the distribution and move direction of REN9-GFP were affected in
rhd3 as well. Collectively, we hypothesize that, REN9 interplays with RHD3 to link the ER to microtubules for
the generation of a fine ER in tip growth of root hairs.
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[671] DATA INTEGRATION FOR INFERENCE OF GENE REGULATORY NETWORKS
Maja Ilievska1, Ajay Kumar2, Jarkko Salojärvi1 3
1
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A gene regulatory network (GRN) describes the interactions between transcription factors and their target
genes, and as such GRNs represent the complex regulatory interactions underlying specific biological
processes, for example how plants respond to environmental changes. Various computational methods have
been used for estimating GRNs in Arabidopsis thaliana. However, due to the large number of regulators and
their complex interactions, the gene regulatory inference still presents challenges. Information of the known
genetic interactions can be included to prioritize genes and enhance the predictive power of the inference
algorithm. In this work, we have predicted the strength of functional interactions of protein-coding genes in
Arabidopsis, based on integration of multiple data sources, including protein-protein interaction, sequence
similarity, gene ontology (GO) information, gain and loss of function mutant phenotypes, expression
quantitative trait loci, transcription factor binding profiles, and abstracts from NCBI PubMed database. Each
data source gives an interaction score for a given gene pair. All distinct data sources were integrated using
target kernel alignment to maximize the similarity between the predicted interaction scores and the target set
of interactions consisting of gene pairs that share pathway annotations and GO biological process annotations.
Area under the receiver operating characteristic curve, the true positive rate vs the false positive rate, was
used to evaluate the performance of the methods. Our method shows considerable performance improvement
when compared to several state-of-the-art functional gene networks constructed by data integration. Finally,
we demonstrate how the inferred gene interaction scores can be used as prior information for tissue-specific
gene regulatory inference with RNA sequencing data.
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[677] COMMONALITIES AND DIVERGENCES BETWEEN THE ARABIDOPSIS AND PETUNIA CIRCADIAN
CLOCK
Julia Weiss1, Marta Isabel Terry1, Fernando Perez-Sanz1, María Victoria Díaz-Galián1, Victoria Ruiz-Hernández1 2,
Pedro Javier Navarro3, Marcos Egea-Cortines1
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The plant circadian clock has been extensively studied in Arabidopsis and is formed by genes whose expression
patterns match morning, midday and night. The morning genes comprise PSEUDORESPONSE REGULATOR 9, 7,
5 and 3 (PRR9), PRR7, PRR5, and PRR3. The midday set has three genes, TIMING OF CAB 1 (TOC1), LATE
ELONGATED HYPOCOTYL (LHY) and CIRCADIAN CLOCK ASSOCIATED 1 (CCA1). The evening group is formed by
EARLY FLOWERING 3 (ELF3), (ELF4) and LUX ARRHYTHMO (LUX). The gene ZEITLUPE (ZTL) targets PRR5 and
TOC1 for degradation in the dark, while GIGANTEA (GI) that plays several roles in protein localization. We have
analyzed the genetic structure of the Petunia circadian clock and found that a set of genes are duplicated in
several Solanaceae including PRR7, PRR5, ELF3, ELF4 and GI, while PRR9, PRR3 or ZTL remain as a single copy.
Knockdown in Petunia x hybrida of the PhZTL by iRNA causes a down-regulation of PhGi1, PhGi2 and PhLHY in
petals, strong late flowering phenotype in winter and a decrease in overall plant and floral size. Scent, a
circadian-regulated trait is also affected with a significant change in the overall scent profile. A detailed analysis
of growth using artificial vision systems showed that the decrease in stem length was probably caused by a
shorter period of growth as growth rates do not differ between transgenic and non-transgenic lines. In contrast
floral growth speed was 32% slower in iRNA:PhZTL compared to non-transgenic siblings. Our results show that
the general functions of ZTL are conserved between distant species. Furthermore, the plant circadian clock
plays a key role in organ growth that is interpreted in a tissue specific manner, supporting the emerging
hypothesis of an organ-specific clock structure.
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[682] MODULATION OF ASYMMETRIC DIVISION DIVERSITY THROUGH CYTOKININ AND SPEECHLESS
REGULATORY INTERACTIONS

Anne Vaten1, Cara Soyars2, Paul Tarr3, Zachary Nimchuk2, Dominique Bergmann1 4
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Coordinated growth of organs requires communication among cells within and between tissues. In plants, leaf
growth is largely dictated by the epidermis; here, asymmetric and self-renewing divisions of the stomatal
lineage precursors create two essential cell types—pavement cells and guard cells. Guard cells form stomata,
conserved structures allowing gas-exchange between the plant and its environment. Proportions of epidermal
cell types are affected by surrounding environmental conditions, making stomatal lineage an excellent system
to study mechanisms allowing flexibility in growth and development. Stomatal lineage precursors are transient
and stem-cell like cells called meristemoids. Every meristemoid division regenerates the meristemoid itself and
produces a larger cell called stomatal lineage ground cell (SLGC). SLGCs can continue asymmetric divisions and
produce secondary stomatal lineages or differentiate to pavement cells. The transcription factor SPEECHLESS
(SPCH) is the prime regulator of stomatal lineage divisions, but whether and how it is influenced by external
cues to provide flexible development is largely unknown. By using reverse genetics, pharmacological
techniques and high-resolution time-lapse imaging, I have identified phytohormone cytokinin (CK) as a
regulator of cell division competence in the stomatal lineage. Functional analysis of CK signaling pathway
revealed that CK is required for full SLGC division potential and thus, decreased CK levels or signaling leads to
reduced stomatal numbers. My data shows that CK signaling regulates SPCH expression and SPCH in turn,
represses CK effect locally by upregulating negative regulators of CK pathway. Domains of low CK signaling are
created by cell-type specific activity of two type-A ARABIDOPSIS RESPONSE REGULATORs (ARR)s, ARR16 and
ARR17, and two secreted peptides, CLE9 and CLE10, leading to repression of SLGC division competence. A
regulatory feedback loop formed by CK signaling and SPCH allows modulation of stomatal lineage division
potential and thus, can customize epidermal cell-type composition and modify leaf growth.
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[685] FUNCTIONAL ANALYSIS OF ARABIDOPSIS THALIANA CYSTEINE-RICH RECEPTOR-LIKE KINASE
CRK2
Sachie Kimura1, Nghia Le Tri1, Kerri Hunter1, Anne Rokka2, Michael Wrzaczek1
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The role of reactive oxygen species (ROS) has shifted in recent years from toxic by-product to important
signaling molecule. ROS production is a frequent result of receptor-like kinases (RLKs) signaling in a multitude
of cellular processes. However, many of components for ROS perception, signal transmission and specificity of
downstream responses remain unknown.
The cysteine-rich receptor-like kinases (CRKs) form one of the largest groups of RLKs in plants. The
distinguishing feature of CRKs is their extracellular domain which carries two copies of the domain of the
unknown function 26 (DUF26, also known stress-antifung PF01657) containing three strictly conserved cysteine
residues (C-8X-C-2X-C). Comprehensive phenotypic analysis of T-DNA insertion mutants for the Arabidopsis
thaliana CRK protein family has revealed that CRK2 is involved in the regulation of pathogen-associated
molecular pattern (PAMP)-induced ROS production. The plant NADPH oxidase respiratory burst oxidase
homolog D (RBOHD), a major component of PAMP-induced ROS production, is synergistically activated by Ca2+
and protein phosphorylation. These results suggest that CRK2 could regulate ROS-producing activity of RBOHD.
We use CRK2-YFP/crk2 transgenic plant lines and human embryonic kidney (HEK) 293T cells to investigate the
effect of CRK2 on RBOHD-derived ROS production. In addition, we analyze protein-protein interaction between
RBOHD and CRK2 in vitro and in planta. In vitro kinase assay and MS analysis results suggest that CRK2 directly
phosphorylates RBOHD and controls its ROS-producing activity.
Taken together, our results support a role for the CRK2 as a direct interactor and regulator of RBOHD
controlling ROS production activity during early defense response.”
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[696] A NEW APPROACH TO STUDY CYTO-NUCLEAR INTERACTIONS IN ARABIDOPSIS THALIANA
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Plant cells contain mitochondrial and chloroplast genomes (the plasmotype), for which natural variation is
available. Assessing the functional and phenotypic relevance of variation in the plasmotype is challenging due
to the difficulty in separating out nuclear genetic variation. Haploid inducer lines can function as efficient
plasmotype donors in crosses and may facilitate the rapid generation of new nuclear-organellar combinations
(cybrids). Here we evaluate the use of such cybrids in studying natural plasmotypic variation. We generated a
cybrid diallele comprising all possible plasmotype-nucleotype combinations of seven Arabidopsis thaliana
accessions. We validate our approach by whole genome sequencing and verify that haploidization does not
lastingly affect plant phenotypes. Using phenomics, metabolomics and transcriptomics we then quantify how
system-wide epistasis results from plasmotype variation, the magnitude and frequency of which increases with
environmental stress. Interestingly, our data suggest that nucleotypes and plasmotypes differ in their likeliness
to show detectable epistatic effects, suggesting that there are clear differences in combining ability. This is the
first study in showing the exact genetic contribution of the plasmotype to the phenotype, as we were able to
generate perfect cybrids. Hence we conclude that producing cybrids through haploid inducer lines is an
efficient method to study the plasmotype-nucleotype interaction.
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[711] MULTIPLE SALICYLIC ACID PATHWAY COMPONENTS ARE REQUIRED FOR ARABIDOPSIS SHADE
AVOIDANCE
Kazunari Nozue1, Upendra Devisetty1, Saradadevi Lekkala1, Patricia Müller-Moulé1, Aurélie Bak2, Clare Casteel2,
Julin Maloof1
1
2

University of California, Davis, Plant Biology, Davis, USA
University of California, Davis, Plant Pathology, Davis, USA

Plants have sophisticated mechanisms for sensing neighbor shade and responding through enhanced
elongation and physiological changes to maximize their ability to compete for light. The shade avoidance
response affects many different organs and growth stages, yet the signaling pathways underlying this response
have mostly been studied in seedlings. To understand the signaling pathways operating in older plants, we
analyzed a gene expression time course of adult shade avoidance in wild-type and shade avoidance mutants.
With this data we established a signaling cascade of hormone action during wild-type response to shade and
used mutants to determine how genetic perturbation affects the cascade. We found pervasive misregulation of
salicylic acid genes in many mutants, suggesting salicylic acid signaling to be an important shade avoidance
growth regulator. Supporting our hypothesis, several salicylic acid pathway mutants reduced shade-induced
and basal growth. The effect of these mutants on shade avoidance was specific to petiole elongation; neither
hypocotyl nor flowering time responses were altered, thereby defining important stage-specific differences in
the downstream shade avoidance signaling pathway. Shade treatment did not change salicylic acid levels,
indicating salicylic acid mediation of shade avoidance is not dependent on modulation of salicylic acid levels.
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Energy organelle function and signalling
Organizers Olivier Van Aken (Lund University, Sweden) and Alexey Shapiguzov (University of Helsinki, Finland)
Progress in plant biology and advance in research technologies have opened up a new era of integrative studies
in plants. Today it is becoming clear that despite a certain level of autonomy of mitochondria and chloroplasts,
the functions of these organelles are interacting in complex ways. Not only do they act in concert to carry out
metabolism and energy household, they jointly orchestrate the adaptation and development of a plant.
Furthermore, mitochondrial and chloroplast feedback signalling to the nucleus, known as retrograde signalling,
is involved in key transcriptional reprogramming events associated with plant morphogenesis, defence against
pathogens, and cell death. How processes occurring in the energy organelles are perceived and interpreted by
the nuclear gene expression apparatus, how different signals merge together and how they yield in certain
adaptive and developmental outcomes is the subject of this workshop.
Speakers

INTRODUCING THE SPONSOR COMPANY PHOTON SYSTEMS INSTRUMENTS AND THEIR RESEARCH
EQUIPMENT
Alexey Shapiguzov
University of Helsinki, Finland

HOW THE ORGANELLES COMMUNICATE TO PREPARE THE PLANT FOR FREEZING TEMPERATURES
Peter Kindgren
University of Copenhagen, Denmark

MEMBRANE-BOUND NAC TRANSCRIPTION FACTORS MODULATE RETROGRADE REGULATION OF
OXIDATIVE STRESS RESPONSES
Inge De Clercq
VIB Ghent, Ghent University, Belgium

DE NOVO EVOLUTION OF MITOCHONDRIAL PROTEINS AND INCORPORATION INTO SIGNALLING
NETWORKS IN PLANTS
Olivier Van Aken
Lund University, Sweden

ROLE OF CHLOROPLAST DYNAMICS IN PLANT IMMUNE RESPONSES
Eunsook Park
Seoul National University, Rep. of South Korea

IS EDITING A WAY TO CONTROL GENE EXPRESSION IN ORGANELLES?
Bernard Gutmann University of Western Australia, Australia
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Workshop: Reach-out with the Arabidopsis Movie and Symphonic Score
Why should I join? Because you can contribute or just to hear fun story how art interacts with science
Presenter: Sander van der Krol
Lab. of Plant Physiology, Wageningen University
In this workshop we want to inform you on the Arabidopsis Movie and Symphonic Score project. This
project was started by scientists but has been taken over by three professional artist to make a
composition produced by the life and times of Arabidopsis.
We are collecting clips of Arabidopsis growth, intracellular movement etc. and these clips are used for
a musical-movie about the life of Arabidopsis, showing different dynamic aspects of Arabidopsis
growth and development. Each of the clips serves as a direct input for a musical instrument, which
will be assembled by a professional composer into a score that will accompany the movie. You may
have assembled dynamic data on the life of Arabidopsis in your own research and we would like to
use these with your permission as inputs for the composition. Dynamic data may illustrate different
Arabidopsis dynamics and can be from molecular to subcellular level, up to whole plant or population
level.
During the workshop I will present the history of the concept, how it has been taken over by three
driven artists with a genuine interest to break the barrier between scientist, public and art. There will
be a brief demonstration of musical conversion Arabidopsis clock gene expression, information on the
project time line and the long term goal of ‘grow your own Plant Symphony’. Most important I will
tell you how your own research may contribute and become permanent part of the Arabidopsis
symphony. Looking forward to see you there!
The Artists: Sound artist Tom Kortbeek has extensive experience to convert moving images in
different ways to music, and he will use each clip to convert to some musical line for individual
instruments. Assembly of the different (plant generated) musical lines will be by composer Dr. Falk
Hübner at Utrecht Conservatory and video compilation will be by video-artist Tanja Busking.
Project financing: Bank Giro Lottery Fund, Dutch Creative Industries Fund, Research School
Experimental Plant Science The Netherlands. Laboratory of Plant Physiology, Wageningen University,
The Netherlands. Further financial support of the project is still welcome. For this we can give in
return mentioning of your contribution in the Arabidopsis Movie and Symphonic Score.
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Construction of Gene Regulatory Networks
Organizer: Wen-Hsiung Li
Academia Sinica, Taiwan and University of Chicago, USA
A gene regulatory network (GRN) is a collection of regulatory interactions between transcription factors (TFs)
and their target genes. Constructing GRNs used to be highly challenging, but recently there have been major
advances in experimental and computational methodologies. In particular, the development of the DNA
Affinity Purification Sequencing (DAP-seq) method has made it much simpler to determine transcription factor
binding sites (TFBSs). This method will be presented by Carol Huang, an author of the method. Another
important task in GRN construction is the determination of TF target genes. Computational and experimental
methods for pursuing this task will be presented in the second talk. In the past two years several tools have
been developed that can generate GRNs from expression and binding data (GENIST, TF2Network, SeqEnrich,
Expresso, and others). The third speaker, Nicholas J. Provart, will discuss tools for visualizing GRNs and will
explain data integration and visualization requirements for GRNs. In addition, there will be a short talk on two
TFs that jointly regulate root elongation and the expression of cell growth genes and a short talk on a HD-Zip
class I TF that modulates growth and development in Arabidopsis.

EFFICIENT MAPPING OF GENOME-WIDE REGULATORY ELEMENTS BY DAP-SEQ
Carol Huang
New York University, USA
Comprehensive identification of transcription factor (TF) sequence preferences, binding affinities and genomic
targets is essential for building and analyzing transcriptional regulatory networks. Several in vivo and in vitro
methods have been used extensively in the Arabidopsis community, including chromatin immunoprecipitation
sequencing (ChIP-seq), assays for accessible chromatin, Protein Binding Microarrays (PBM), and systematic
evolution of ligands by exponential enrichment (SELEX). I will present an Illumina-based sequencing method for
rapid generation of genome-wide maps of TF binding sites in native genomic and methylomic context. This
method is called “DNA Affinity Purification Sequencing (DAP-seq). The execution of DAP-seq is straightforward:
naked genomic DNA fragments are passed over affinity-tagged TF bound to magnetic beads, washed, eluted
and sequenced. The sequencing reads are mapped to the reference genome to identify genome-wide binding
locations of the assayed TF from which sequence motifs may be derived. The protocol is fast, inexpensive,
readily scaled and implemented using common equipment in molecular biology laboratories. One person can
screen ~200 TFs in 1.5 days, and a single TF can be processed for around $25 including all steps. I will describe
the detailed DAP-seq protocol, a computational pipeline for data processing and quality control, and how DAPseq may complement other in vitro and in vivo methods in building GRNs.

HOW TO CONSTRUCT GENE REGULATORY NETWORKS?

Wen-Hsiung Li1,2, Chun-Ping Yu1, Yao-Ming Chang1, Hsin-Hung Lin1, Wen-Yu Liu1, and JinnyJy Lin1
1
Academia Sinica, Taiwan; 2University of Chicago, USA
Constructing the GRNs of an organism can obviously increase our understanding of the organization and
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processes of gene regulation in the organism. To do this, however, one needs first to collect a large number of
TF binding sites (TFBSs). Although many experimental methods such as DAP-seq, PBM and ChIP-seq have been
developed for determining the TFBSs of TFs, even in the human genome, the best studied higher organism,
<50% of the TFs have known TFBSs; for Arabidopsis thaliana the proportion is <40%. Therefore, more effort is
needed to identify TFBSs. I shall present bioinformatics methods for predicting TFBSs, which can complement
experimental methods. The next step is to identify TF target genes. This is actually a challenging task because
the presence of the TFBS of a TF on the promoter of a gene does not necessarily imply it is a true target gene of
the TF. Indeed, it requires additional support such as co-expression between the gene and the TF gene and the
conservation of the TFBS in related species. In addition, our study of the positional distribution of TFBSs in A.
thaliana showed that the distribution is nearly bell-shaped with a peak at 50 base pairs (bp) upstream of the
transcription start site (TSS) and 86% of the TFBSs are in the region from -1,000 bp to +200 bp with respect to
the TSS. I shall explain how to take these factors into consideration to identify TF target genes. After the
determination of the target genes of many TFs, the construction of GRNs becomes a simple bioinformatics task.

GRN INFERENCE TOOLS AND VISUALIZATION PACKAGES
Nicholas J. Provart
University of Toronto, Canada

In this talk, I will cover approaches for generating GRNs computationally, informed by biological data. For
instance, some groups are working to incorporate ATAC-seq data for interrogating chromatin accessibility to
help delineate cell-type-specific gene regulatory networks. There are recent indications too that DNA shape
plays a big role in transcription factor binding, in addition to nucleotide composition itself. Several groups have
published methods in the past couple of years for inferring or exploring gene regulatory networks in
Arabidopsis based on large gene expression and binding compendia, including GRACE, GENIST, TF2Network,
Expresso, TransDetect, and SeqEnrich. I will compare and contrast these methods, and introduce a tool for
exploring networks generated by these methods.

TWO ER-ANCHORED TRANSCRIPTION FACTORS BZIP17 AND BZIP28 JOINTLY REGULATE ROOT
ELONGATION AND CELL GROWTH GENES EXPRESSION

June-Sik Kim1, Yuki Sakamoto2, Sachihiro Matsunaga2, Kazuko Yamaguchi-Shinozaki3, Kazuo Shinozaki1
1
RIKEN, Center for Sustainable Resource Science, Tsukuba, Japan, 2Tokyo University of Science, Faculty of
Science and Technology, Noda-shi, Japan, 3The University of Tokyo, Graduate School of Agriculture and Life
Science, Bunkyō-ku, Japan
The unfolded protein response (UPR) is a eukaryotic transcriptional regulatory network that is activated upon
the accumulation of malformed proteins in the endoplasmic reticulum (ER). In Arabidopsis thaliana, three bZIP
transcription factors modulate the UPR: bZIP17, bZIP28, and bZIP60. Although bZIP28 and bZIP60 have been
relatively well studied, the physiological and transcriptional roles of bZIP17 remain largely unknown. Here, we
generated a double knockout mutant of bZIP17 and bZIP28 to elucidate the function of bZIP17. The mutant
plant exhibited multiple developmental defects including markedly reduced root elongation and constantly
over-induced bZIP60 activity, indicating the essential roles of bZIP17 and bZIP28 in plant development and UPR
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modulation. Extended analysis of the transcriptomes of three double knockout mutants of bZIP17, bZIP28, and
bZIP60 revealed that bZIP28 and bZIP60 are the major activators of the canonical induced UPR. By contrast,
bZIP17 functions with bZIP28 to mediate the non-inducible expression of multiple genes involved in cell
growth, particularly to sustain their expression under stress conditions. Our study reveals pivotal roles of
bZIP17 in the plant UPR and vegetative development, with functional redundancy to bZIP28.

THE HD-ZIP CLASS I TRANSCRIPTION FACTOR JUB2 MODULATES GROWTH AND DEVELOPMENT BY
REGULATING JUNGBRUNNEN1 IN ARABIDOPSIS

Shuchao Dong and Salma Balazadeh
Max-Planck-Institute for Molecular Plant Physiology, University of Potsdam, Germany

An Arabidopsis NAC transcription factor (TF), JUB1 (At2g43000) has been previously characterized as a central
regulator of longevity and the interplay between growth and stress responses. Employing yeast-one-hybrid
(Y1H) assay and transcript analysis of transgenic lines, we identified an HD-Zip class I TF as potential upstream
regulators of JUB1, and we renamed it as JUB2. The goal of this project is to characterize biological functions of
JUB2 and unravel its gene regulatory networks. Overexpression of JUB2 resulted in GA (Gibberellin)-deficient
phenotypes such as compact rosette, shorter stem, impaired filament elongation, less siliques and delayed
senescence, similar to JUB1 overexpressors. Furthermore, JUB1 mutation largely rescued growth and
developmental defects of JUB2 overexpressor, indicating the phenotypes of JUB2OX were due to regulation of
JUB1. Additionally, overexpression of JUB2 or JUB1 significantly increased drought tolerance, while the double
mutant lines overexpressing JUB2 in jub1 knockdown mutant did not perform better than wild type upon
drought stress, which implies JUB2-JUB1 regulation is also involved in drought response. In an attempt to
identify JUB2 target genes through gene expression profiling by RNA-seq, we found GA2OXs as other candidate
targets positively regulated by JUB2. GA2OXs are GA 2-oxidase catalyzing bioactive GAs to inactive isoforms.
GAs measurement results showed that more bio-inactive GAs and less bioactive GAs were accumulated in
JUB2OX plants compared with wild type. Taken together, JUB2 might inhibit GA biosynthesis and signaling
pathway via regulation of JUB1 and GA2OXs, respectively.
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Publishing for Posterity: How to make your published data Findable,
Accessible, Interoperable and Reusable
Biology has become a data intensive discipline; researchers have to sift through the thousands of research
publications and petabytes of associated data published each year. To discover and manage all this information
requires the assistance of computers and databases. While we want to have ‘all the data’ available at our
fingertips for evaluation or incorporation into new analyses, few researchers understand how to format their
data or where to deposit their results for maximum reuse. When data are unavailable or published in ways that
are inaccessible, they are essentially lost to the community. In this workshop we will present the concepts
underlying the Findable, Accessible, Interoperable and Reusable (FAIR) data standards and some practical tools
and resources to help researchers ensure that their published data are FAIR. Specifically, we will address (1),
the importance of properly documenting biological reagents, experimental data and computational workflows
and making them easily discoverable and reusable and, (2) present some practical strategies, resources and
tools available for managing and disseminating research data and resources.

DATA MANAGEMENT AND BEST PRACTICE FOR PLANT SCIENCE
Geraint Parry
GARNet,School of Biosciences, Cardiff University
Plant research produces data in a profusion of types and scales, and in ever-increasing volume. In this talk I will
address the challenges and opportunities presented by data management and how researchers make efficient
and fruitful use of data management tools and strategies

DONATION OF RESOURCES TO THE STOCK CENTERS
Debbie Crist and Marcos Castellanos Uribe
Arabidopsis Biological Resource Center (DC), and the Nottingham Arabidopsis Stock Centre (MCU)
The Arabidopsis Biological Resource Center (ABRC), located at the Ohio State University, and the Nottingham
Arabidopsis Stock Centre (NASC), based at the University of Nottingham, collect, preserve, reproduce and
distribute diverse seed and other stocks of Arabidopsis thaliana and related species for research and education.
Both centers were established in the early 1990s with public funding. The current seed collection approaches
one million stocks, including insertion lines covering 28,937 genes and over 1,400 distinct natural accessions.
ABRC and NASC offer several advantages over alternative providers: they provide security and stability, as seed
stocks are preserved under the best possible conditions, they have no interest in or claims to intellectual
property, and they maintain and curate large numbers of stocks according to common standards.
ABRC is funded by the National Science Foundation (NSF), as well as by the community through stock and order
charges. NASC has traditionally been funded by the Biotechnology and Biological Sciences Research Council
(BBSRC) with a small proportion of operational costs also covered through user fees. This combination of
government funding and cost recovery represents a reasonable balance between community services provided
and financial support required. The usage of Arabidopsis resources has increased continuously since its
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inception. The number of seed and DNA stocks sent annually by each stock center is now over 100,000, a rate
that substantially exceeds anything imagined in the beginning. We believe ABRC’s and NASC’s current curation
and distribution activities, as well as funding strategies, represent a useful model that can be considered when
planning for similar resources to support research with other organisms.

ARAPHENO, A REPOSITORY FOR ARABIDOPSIS PHENOTYPE DATA
Arthur Korte
The Center for Computational and Theoretical Biology, University Würzburg

MAKING PUBLISHED DATA MORE ACCESSIBLE: A CURATOR’S PERSPECTIVE (OR HOW TO MAKE
YOUR PUBLISHED RESEARCH MORE VISIBLE IN TAIR)
Leonore Reiser
The Arabidopsis Information Resource, Phoenix Bioinformatics
The Arabidopsis Information Resource (TAIR) is a knowledgebase for the model plant Arabidopsis that has
provided up to date, manually curated information about Arabidopsis gene function to the community since
1999. In the process of curating the genome and literature we have identified some common problems with
published works that can make it difficult to integrate or lead to errors of integration. Most of these issues can
be easily addressed by authors and will improve the accuracy of curation, and ensure their research results are
included in TAIR.
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Introducing INDEPTH: Impact of Nuclear Domains on Gene Expression and
Plant Traits
This workshop will introduce the EU funded COST action entitled ‘Impact of Nuclear Domains On Gene
Expression and Plant Traits (INDEPTH)’. This broad collaboration brings together cell biologists, plant
physiologists and data management experts to address important questions that surround the analysis of
nucleus and chromatin domains in plants.
We will introduce INDEPTH and set the agenda for the next four years of research and collaboration. This will
involve outlining the activities of workgroups entitled Quantitative imaging and analysis of the plant nucleus in
3D (WG1), Transcriptional regulation through association of chromatin domains with nuclear compartments
(WG2), Structure of nuclear domains and the functional output for plant traits (WG3) and Storage, Data
management and integrative analysis (WG4).
We welcome anyone to attend who wishes to learn about this exciting collaboration and how they might get
involved with our activities.
Workshop Schedule
- Introduction and Overview of the INDEPTH Cost Action:
- Scientific goals of INDEPTH Action
- Highlight possible opportunities to interact with INDEPTH, via training schools and STSMs
- Extended Q+A regarding opportunities available to INDEPTH participants
Speakers
Stefanie Rosa
Swedish University of Agricultural Sciences, Sweden
Geraint Parry
GARNet, Cardiff University, United Kingdom
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Workshop: Beyond Arabidopsis: advantages and challenges of emerging
plant models
ON A TWO-WAY STREET BETWEEN ARABIDOPSIS AND TREES
Ykä Helariutta
Sainsbury Laboratory Cambridge University; University of Helsinki
Our group is interested in how vascular cambium functions to form wood. Our principal model has been the
procambial tissue of Arabidopsis root. For example, together with other laboratories we have uncovered the
key role for cytokinin signaling in procambial patterning. Subsequently, we have shown the important role of
cytokinin signaling in regulating cambial activity in Populus, thus translating the information from Arabidopsis
to a tree species. Recently we have started to work to the other direction. Birch (Betula) is an important
borderline genus between the taiga and tundra vegetation zones with several adaptations and ornamental
cultivars. We are using silver birch (B. pendula) as an emerging model for tree genetics. This is facilitated by the
possibility to induce flowering in this species after some 6 months, which makes the forward genetics approach
feasible. I will focus on our recent progress in establishing silver birch as a model for wood formation.
Longmann, K. A. and Wareing, P. F. (1959). Early induction of flowering in birch
seedlings. Nature 184, 2037-2038.
Salojärvi J, Smolander OP et al. (2017). Genome sequencing and population genomic analyses provide insights
into the adaptive landscape of silver birch. Nat Genet. 49: 904-912.
Stacey Harmer
University of California Davis
ABSTRACT TBC

TRANSLATION REGULATION IN TOMATO FRUIT: IT’S TIME TO RIPEN!
Javier Brumos, Jose Alonso and Anna Stepanova
Department of Plant and Microbial biology, North Carolina State University, Raleigh, NC 27695
The current population growth is rising food demand and convergent studies agree that food availability has to
increase by 70% in the next 30 years to meet the needs of the growing global population. Hence, increasing
worldwide food availability is becoming a major goal of the primary sector of the economy. One of the major
challenges of modern agricultural production is to minimize crop losses caused by over-ripening and
senescence. A better understanding of how the ripening process is regulated has the potential to reduce
spoilage and avoid food waste.
Gene expression changes during fruit ripening have been extensively studied at the transcriptional level,
however little is known about ripening-associated shifts in the efficiency of transcript translation. We
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hypothesize that a subset of transcripts displays ripening-associated changes in their translational efficiencies.
We employ Ribo-seq to monitor changes in transcript translation at a whole-genome scale and single-codon
resolution on different-stage tomato fruits. In parallel, previously characterized cis-regulatory elements that
are required and sufficient for the translational inhibition of gene expression in the presence of the ripening
hormone ethylene are being tested for their ability to control the timing of fruit softening.
This study will serve as a foundation for future in-depth analyses of novel translation regulation mechanisms
involved in fruit ripening and the potential implementation of these regulatory modules as a promising
biotechnological tool. The project will pave the path to developing new approaches for controlling fruit and
vegetable spoilage.

ARABIDOPSIS SEED RESEARCH TO MODIFY GERMINATION AND RESERVE ACCUMULATION IN CROP
GRAINS
Mariko Nonogaki1, Hiroyuki Nonogaki1
1
Oregon State University, Department of Horticulture, Corvallis, United States
Our understanding of the mechanisms of seed development and germination has been greatly advanced
through Arabidopsis research, which can be translated into crop species. We will present the outcomes of our
Arabidopsis seed research in the context of translational biology. We created chemically inducible lines for
nine-cis-epoxycarotenoid dioxygenase 6 (NCED6), an ABA biosynthesis gene, which were able to suppress
germination upon ligand treatment. This system was further advanced by the expression of sorghum NCED
with the wheat Early Methionine promoter, a seed-specific and ABA responsive promoter. This approach
triggered positive-feedback regulation and caused hyperdormancy without requiring chemical induction. These
findings offered a potential of technology development for the prevention of precocious germination, such as
preharvest sprouting in cereal crops and are being translated into wheat and barley in international
collaborations. RNA-seq using the NCED6-inducible lines identified DOGL4 (DOG1-LIKE4), a homolog of DELAY
OF GERMNATON1, as an ABA-inducible gene. Unlike DOG1, DOGL4 is not significantly involved in seed
dormancy. Instead, it acts as a major regulator of seed reserve accumulation. Now, this potential is being
examined in soybean in another international collaboration. The divergence between DOG1 and DOGL4 in
terms of the seed dormancy and maturation programs, which was found in this study, also contributes to basic
seed biology, demonstrating the synergy between basic and translational research.
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IDENTIFICATION AND CHARACTERIZATION OF WATER SENSING MECHANISMS ACROSS THE GREEN
LINEAGE
Josep Vilarrasa-Blasi1, Tamara Velosillo1, Robert Jinkerson1, 3, Friedrich Fauser1, 2, Michael Guzman1, Jackie
Onishi1, Martin Jonikas 1, 2, José Dinneny 1
1. Carnegie Institution for Science, Department of Plant Biology, Stanford, CA 94035 US.
2. Department of Molecular Biology, Princeton University, Princeton, NJ 08544 US.
3. Chemical & Environmental Engineering, UC Riverside, CA 92521 US.
Water is essential for all known forms of life. While osmo-sensing pathways have been defined in bacteria,
yeast and animals, how plants perceive water and orchestrate adaptive responses remains largely unknown.
We are using Chlamydomonas reinhardtii, a unicellular alga, which provides a simplified system within the
plant lineage and lacks certain life-cycle stages sensitive to osmo-regulation. We performed a transcriptomic
and phosphoproteomic analysis and uncovered the Chlamydomonas response to osmotic stress. By using a
genome-wide indexed mutant library that allows mutant identification following competitive growth assays,
we identified mutant phenotypes in different osmotic regimes including; NaCl, Mannitol, PEG and hypoosmotic
stress. A reverse-genetic approach to find conserved osmosignaling modules in the green lineage was
performed with Arabidopsis thaliana orthologous counterparts. We identified Knockout mutants for genes
encoding, a signal-transduction kinase, a potassium transport channel, a palmitoylation-related enzyme and
cytoskeleton related proteins with enhanced sensitivity to osmotic stress in both Chlamydomonas and
Arabidopsis. Finally, we will present initial characterization of these signaling pathways and their impact in
growth and survival. Altogether we show the power of using a unicellular alga to uncover osmo-sensory
pathways in the green kingdom.
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Workshop: Chemical Regulation in Plant Stress Tolerance
CHEMICAL COMPOUNDS AID PLANTS TO CLEAN MULTIPLE POLLUTES FROM THE ENVIRONMENT
Eri Adams, Ju Yeon Moon, Takae Miyazaki, Minwoo Han, and Ryoung Shin
RIKEN Center for Sustainable Resource Science, Yokohama, Japan
In order to establish efficient and transgenic-free phytoremediation system for radioactive cesium in eastern
Japan, small molecules which promote plants to accumulate cesium were investigated. Through the chemical
library screening, 14 chemicals were isolated as cesium accumulators in Arabidopsis. The treatment of these
candidate chemicals including methyl cysteinate, a derivative of cysteine resulted in increasing cesium
accumulation in Arabidopsis. In addition, the theoretical modelling suggested that many candidate chemicals
would bind to cesium ion as well as other cations. In the line with this notion, chemical candidates were also
tested whether their treatments led to other heavy metal accumulations in Arabidopsis. Some of candidate
chemicals help plants to accumulate other heavy metal cations as well. Our results suggest that chemical
compounds can be one of best supporter for the phytoremediation of unwanted metals from the environment.

IDENTIFYING NOVEL COMPONENTS IN ABIOTIC STRESS TOLERANCE
Triin Vahisalu1, Cezary Waszczak1, Maija Sierla1, Dmitry Yarmolinsky2, Olena Zamora2, Melanie Carmody1,
Marina Leal Gavarron1, Hannes Kollist2, Jaakko Kangasjärvi1
1
University of Helsinki, Helsinki, Finland, 2University of Tartu, Tartu, Estonia
The sessile lifestyle of plants requires that adverse environmental conditions are rapidly recognized and
responded to with adequate reactions. Understanding how plants adapt and survive unfavorable climate
conditions at the molecular level is of great interest at the time of rapidly growing world population and
climate change. Both biotic and abiotic stress factors induce ROS production in plants leading to the activation
of downstream signaling events. As ozone induces the production of ROS, it is an excellent tool to study plant
stress tolerance. We have conducted a large-scale forward genetics screen based on ozone sensitivity aiming to
identify both novel stomatal regulators and also components in stress tolerance. Mutants defective in stomatal
regualtion receive a higher ozone dose leading to leaf damage. Ozone sensitive mutants with normal stomatal
and cuticular function receive same ozone doze but are defective in ROS induced downstream signaling. Our
screen has identified ~50 novel mutants impaired in guard cell signaling and surprisingly only 2 mutants with
normal stomatal regulation and strong ozone sensitivity – oz.14 and oz.16. For both of the mutants mapping
populations have been created based on ozone sensitivity phenotype and SHOREmap results are available,
oz.14 and oz.26 do not carry mutations in already characterized proteins. Subcellular localization and
expression patterns of OZ.14 and OZ.26 will be addressed. Additionally, responses to other biotic and abiotic
stresses will be targeted.
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ISOLEUCIC ACID ENHANCES SA-RELATED AND SA-INDEPENDENT DEFENSE RESPONSES
Sibylle Bauer1, Rafal Maksym1, Andrea Ghiradrdo2, Birgit Geist1, Birgit Lange1, Dereje Mekonnen1, Wei Zhang1 3,
Toni Schäffner1
1
Institute of Biochemical Plant Pathology, Neuherberg, Germany, 2Research Unit Environmental Simulation,
Neuherberg, Germany, 3Sichuan University of Science and Engineering, Sichuan, China
The branched-chain amino acid-related isoleucic acid (ILA) has been suggested as a novel modulator in plant
pathogen defense of Arabidopsis thaliana (von Saint Paul et al., 2011; Noutoshi et al., 2012). ILA was detected
in all plant species tested, whereas the chemically closely related, isomeric leucic acid (LA) and the related valic
acid were only sporadically found. Thus we hypothesize that ILA could play a specific, conserved role in plant
stress and defense. Here, we show distinct and differential effects of ILA on plant stress responses. A sensitive
GC-MS analysis allowed separating and quantifying ILA and the isomeric LA in Arabidopsis. ILA levels decreased
when comparing young vs. older leaves, while LA content was rising. ILA differentially changed in response to
pathogen infection as well; it was reduced, while LA stayed unaffected upon Pseudomonas syringae infection.
Using exogenous ILA application, its effects on plant stress responses were further examined; importantly, ILA
itself does not act as a bacteriostatic agent. ILA synergistically activated SA-responsive gene expression in a
UGT76B1-dependent manner and it enhanced resistance towards Pseudomonas syringae infection. These
observations are in line with a potential ILA-dependent repression of SA glucosylation and, hence, activation of
the SA response, since ILA competitively inhibits the glucosylation of SA by UGT76B1 in vitro. However, ILA also
showed SA-independent effects. ROS (reactive oxygen species) were induced by ILA in wild-type plants as well
as in SA-depleted nahGsid2 and ugt67b1nahGsid2 mutant lines. In contrast, LA did not show an impact on ROS
production. ILA also inhibited root growth in an SA-independent manner, since nahGsid2 was as sensitive as
the wild type. Thus, ILA may specifically affect stress responses and development at different levels (i) by
interfering with UGT76B1-dependent SA glucosylation and (ii) by effects independent of SA.

DYNAMICS OF INTRACELLULAR SUGAR PARTITIONING AND ROLE OF SUGARS FOR PLANT COLD
TOLERANCE
Isabel Keller1, Cristina Martins Rodrigues1, Azkia Khan1, Wolfgang Zierer2, Benjamin Pommerrenig1, H. Ekkehard
Neuhaus1
1
University of Kaiserslautern, Kaiserslautern, Germany, 2FAU Erlangen-Nuremberg, Erlangen, Germany
We are analysing the effect of altered intracellular sugar compartmentation on the plant cold tolerance. Cold
stress is a severe and still rising problem for increased agricultural demands, especially under a changing world
climate where unforeseen sudden temperature changes cause major yield loss of crops due to damages of the
vegetative or generative tissues. Therefore, it is of high agricultural importance to understand a plants
behaviour upon onset of cold stress and during cold acclimation periods for identifying suitable targets for
SMART breeding or GMO approaches that aim at the generation of crops with higher cold tolerance. The major
protective mechanism of higher plants against low temperatures is the accumulation of compatible solutes,
especially soluble sugars. High sugar levels do not only have membrane protective properties and prevent plant
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cells from freezing; they also interact with sugar signalling and plant stress pathways and, therefore, have a role
regulating metabolic plant responses. For the freeze-protective efficiency of sugars and their interaction with
stress pathways, both the tissue-specific and the subcellular distribution of different sugar species are highly
relevant. Here we used Arabidopsis thaliana mutant plants with altered subcellular sugar transport activities as
tools to dissect the contribution of different sugar species in a specific cellular compartment (cytosol, vacuole,
and plastid) for the cold response. Until now, we recorded subcellular localization of various tonoplast localized
(TSTs, ERDLs, SUCs) or plastid localized (MEX, VGT) sugar transport proteins and electrolyte leakage and solute
accumulation data from respective knock out and / or overexpressor plants. First results state, that an altered
sugar composition of the vacuolar lumen, especially when containing higher amounts of glucose, results in a
cryoprotective effect.

OMICS APPROACH TO DISSECT THE ACETIC ACID MEDIATED DROUGHT TOLERANCE IN ARABIDOPSIS
THALIANA PLANTS
Khurram Bashir1, Sultana Rasheed1, Jong-Myong Kim1, Akihiro Matsui1, Maho Tanaka1, Miyako Kusano1, 2, Yuuri
Tsuboi1, Jun Kikuchi1,3,4, Miki Fujita1, Kazuo Shinozaki1, Motoaki Seki1,5,6,7
1
RIKEN Center for Sustainable Resource Sciences, Yokohama, Japan. 2University of Tsukuba, Tsukuba, Japan.
3
Graduate School of Medical Life Science, Yokohama City University. 4Nagoya University, Nagoya, Japan. 5Kihara
Institute for Biological Research, Yokohama City University, Yokohama, Japan. 6CREST, JST, Kawaguchi, Japan.
7
RIKEN Cluster for Pioneering Research, Wako, Japan
Drought stress causes significant losses to crop production and is considered a serious problem for crop
production. Acetic acid improves drought stress tolerance through jasmonate synthesis and enrichment of
histone H4 acetylation, influencing the priming of the jasmonate signaling pathway. To further understand the
acetic acid mediated drought stress tolerance, transcriptome analysis by microarray, metabolome analysis by
GC-MS and NMR analysis were performed after treating plants with 10mM acetic acid. Microarray analysis
indicated that acetic acid treatment triggers the up-regulation of fermentation related genes particularly in root
tissue. Metabolomic analysis revealed the reprograming of metabolome in response to acetic acid treatment in
root and shoot tissue. NMR analysis followed by 13C labeled acetic acid treatment revealed that acetic acid
significantly alters the metabolome and seems to utilize the acetic acid as energy source through
gluconeogenesis to improve the metabolism which may help plants to cope with drought stress. The upregulation of alcohol dehydrogenase 1 gene (ADH1) by drought stress and acetic acid treatment suggested that
ethanol treatment might also confer drought tolerance. The application of ethanol enhanced survival ratio
under drought stress treatment and it would also be discussed briefly.
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Workshop: Findable, Accessible, Interoperable and Reusable, aca. FAIR,
Arabidopsis phenotyping data?
STANDARDS FOR DISTRIBUTED PLANT PHENOTYPING DATA INTEGRATION: FROM CROP AND
FOREST TREES TO MODEL SPECIES.
Cyril Pommier1
1
French National Institute for Agricultural Research (INRA), France
The management of Plant Phenotyping data, highly heterogenous by nature, is very challenging, especially
when following the FAIR principles (Findable, Accessible, Interoperable, Resusable) to enable long term
reusability. The integration and consolidation of a single dataset like a phenotyping network is already a
complicated task. It is even more complex when trying to link different datasets together to perform a new
analysis. Indeed, the first challenge is about data and metadata which must be very well described, with all
elements of the dataset unambiguously identified. The second challenge is technical, with the need of formats
and solution suitable for those (meta)data which must remain computer and human friendly for years. The
Minimal Information About Plant Phenotyping Experiment (MIAPPE) [1] data standard have been built to
answer those challenges and is implemented in production databases like PHIS, data repositories like GnpIS or
eDale, file formats like ISA Tab, and in the Breeding API web service [2]. We will review those implementations
and their benefits, show its current adoption state and detail the future plans for phenotyping data standard.
[1] Ćwiek-Kupczyńska H, Altmann T, Arend D, Arnaud E, Chen D, Cornut G, Fiorani F, Frohmberg W, Junker A,
Klukas C, Lange M, Mazurek C, Nafissi A, Neveu P, van Oeveren J, Pommier C, Poorter H, Rocca-Serra P,
Sansone S-A, Scholz U, van Schriek M, Seren Ü, Usadel B, Weise S, Kersey P, Krajewski P. 2016. Measures for
interoperability of phenotypic data: minimum information requirements and formatting. Plant Methods. doi:
10.1186/s13007-016-0144-4.
[2] http://www.brapi.org

INTEGRATING PLANT PHENOTYPING IN EUROPE
Roland Pieruschka1, Sven Fahrner1, Uli Schurr1
1
Forschungszentrum Jülich, Germany
Quantitative analysis of structure and function of plants has become a major bottleneck in research and
applied use of plants. Approaches targeting relevant traits are needed to quantitatively address key processes
and understand the dynamic interactions between genetic constitution, molecular and biochemical processes
with physiological responses leading to the development of phenotypes. To address this bottleneck a close
interaction within the community is required.
The talk will illustrate the role of plant phenotyping networks, summarize the recent activities and provide an
outlook for future ones. Within Europe the COST action (FA1306: The quest for tolerant varieties - Phenotyping
at plant and cellular level) has wstablished a important discussion between scientists with expertise on divers
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topics related to plant phenotyping. The recently funded EU project EPPN2020 enables practical access to plant
phenotyping facilities in Europe and fosters essential steps to develop and implement phenotyping piplines.
The ESFRI listed project EMPHASIS aims at long-term sustainable development of the plant phenotyping
infrastructure in Europe. Finally, the International Plant Phenotyping Network, a non-profit association
integrates the plant phenotyping community as a global communication hub.

GENE DISCOVERY USING HIGH-THROUGHPUT PHENOTYPING UNDER CONSTANT AND FLUCTUATING
GROWTH CONDITIONS
Rhonda C. Meyer1, Astrid Junker1, Marc Heuermann1, Kathleen Weigelt-Fischer1, Dominic Knoch1, Daniel
Arend1, Matthias Lange1, Uwe Scholz1, Thomas Altmann1
1
Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Germany
Plants adapt their growth and metabolism to survive in an often rapidly changing environment. We want to
identify genes that determine vegetative plant growth in response to fluctuating light conditions. Growth
related parameters were recorded in 382 Arabidopsis accessions at different developmental time points using
the IPK automated phenotyping facility for small plants (Junker et al. 2015). This system comprises a multisensor setup which enables the quantitative assessment of the dynamics of a huge number of plant traits
ranging from architectural and biomass-related traits (e.g. plant height, projected leaf area) to physiological
traits (colour-related traits, CHL fluorescence-related traits). The integrated analysis of phenomics and
genomics data (250K SNP array) of the Arabidopsis accessions allowed to perform genome-wide association
studies which led to the identification of significant fluctuating light-specific as well as developmental stagespecific marker-trait associations.
The phenotyping workflows and all connected processes (including protocols for plant growth, imaging and
image analysis) are linked to a FAIR data management system with all raw and result data being stored in a
relational database and linked to a standardized metadata description in an in-house laboratory information
management system (Arend et al. 2016a presents an Arabidopsis phenomics dataset including a MIAPPE
conform metadata documentation). This in turn is connected to the e!Dal/PGP data publication infrastructure
(Arend et al. 2014, 2016b) which ensures the availability of and enables the sustainable access to imaging
datasets as the key criteria in the scientific value chain.
An example of a PGP-published phenotyping experiment from high-throughput plant phenotyping platforms at
IPK: http://dx.doi.org/10.5447/IPK/2016/7
Junker A, Muraya MM, Weigelt-Fischer K et al. (2015). Front. Plant Sci. 5, 770.
Arend D et al. (2016a). Scientific Data 3, 160055.
Arend D et al. (2014). BMC Bioinformatics 15, 214-226.
Arend D et al. (2016b). Database 2016, 14.
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PLANT PHENOTYPING: HAPPILY EVER AFTER WITH DATA MANAGEMENT USING PIPPA
Stijn Dhondt1,2*, Raphael Abbeloos1,2, Dirk Inzé1,2
1
Department of Plant Systems Biology, VIB, Technologiepark 927, 9052 Gent, Belgium
2
Department of Plant Biotechnology and Bioinformatics, Ghent University, Technologiepark 927, 9052 Gent,
Belgium.
While digital phenotyping claimed his central role in many plant research projects, phenotypic data is being
produced at high speed and at high quantity. High throughput phenotyping platforms continuously generate
plant images with several modalities. Nowadays, the same system can acquire RGB, thermal infrared,
fluorescence and hyperspectral images and stores both environmental and weighing and irrigation data. The
next hurdle is to be able to properly manage the high amount of raw and derived data. At VIB we developed
PIPPA as a central database and web interface with image and data visualization and analysis functionality.
Several automated WIWAM phenotyping platforms, ranging from an XY table for controlled irrigation and
imaging of Arabidopsis to more croporiented systems, have been integrated with PIPPA. The interface allows
scientists to setup and analyse their own experiments, while keeping all data together in a structured database.
The database takes care of the data management and integration, linking images, metadata, environmental
data, and image analysis and measurement results. As the software package is developed as a web interface,
the tool is available on every computer within the department. Preprocessing of images, such as cropping, can
be automated and image analysis is performed by starting a task on the server or computer cluster, for fast
processing. The analysis framework is designed to support the integration of external image analysis scripts.
Furthermore, environmental measurements, weighing and irrigation output, the experimental design, and
image analysis results can all be graphically visualized within PIPPA, bringing the plant phenotyping results to
your fingertips. Current and future developments focus on the interoperability of image processing tools and
the public accessibility of raw phenotypic data to enable community based 'big data' analysis initiatives.
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Workshop: Microscopy methods for multiscale functional imaging in
Arabidopsis
IN TOTO TIME RESOLVED FUNCTIONAL IMAGING USING LIGHT SHEET IMAGING
Alexis Maizel
Center for Organismal Studies (COS), Universität Heidelberg, 69120 Heidelberg, Germany
Light sheet fluorescence microscopes (LSFM) use two optical axis, one to focus a very thin light sheet that
traverses the specimen and a second one, orthogonal to the first, to detect the emitted fluorescence using a
camera. By this arrangement there is no out of focus signal, no pinhole is required, the whole image is captured
at once and sample bleaching is kept at a minimum. LSFMs allow unsurpassed acquisition speed of time-lapse
3D microscopy at excellent signal-to-noise ratio.
Over the last 10 years, LSFM has emerged has the technique of choice for the in toto investigation of
development and cell biological processes over time in intact specimens. In this workshop, I will highlight the
key elements to apply LSFM for live Arabidopsis imaging and provide an overview of examples of applications
of LSFM for Arabidopsis research.

PROTEIN INTERACTIONS AND COMPLEX COMPOSITIONS MEASURED BY IN VIVO MULTIPARAMETER
FLIM & ANISOTROPY IMAGING
Yvonne Stahl
Heinrich Heine University, Germany
The investigation of protein interactions in living plant tissue has become increasingly important in recent
years. A high spatial and temporal resolution for the observation of in vivo protein interactions is needed in
order to follow changes e.g. of plant receptor or transcription factor interactions and the formation of their
complexes over time. In vivo fluorescence or Förster resonance energy transfer (FRET) measurements allow for
detailed analyses of interacting proteins in their natural environment at a subcellular level. Especially FRETFLIM (fluorescence lifetime imaging microscopy) measurements provide an extremely powerful and reliable
tool meeting the demands for investigating in vivo protein interactions quantitatively and with high subcellular
resolution and precision.
Moreover, the use of Multiparameter Fluorescence Imaging Spectroscopy (MFIS), e.g. the measurement of
fluorescent lifetime and fluorescent anisotropy at the same time in every pixel of the acquired image allows for
the differentiation of homomeric and heteromeric protein complexes. The application of the above-mentioned
techniques will be demonstrated on current projects related to stem cell maintenance in Arabidopsis.
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PLANTS ON CHIPS – MICROFLUIDIC DEVICES FOR LIVE IMAGING OF ORGAN DEVELOPMENT AND
ROOT-ENVIRONMENT INTERACTIONS
Guido Grossmann
Center for Organismal Studies (COS), Universität Heidelberg, 69120 Heidelberg, Germany
CellNetworks-Cluster of Excellence, Universität Heidelberg, 69120 Heidelberg, Germany
Plant roots grow in highly heterogeneous environments where they need to locally adapt their architecture to
optimally absorb nutrients and water, interact with pathogenic and symbiotic microbes, and cope with diverse
abiotic stress conditions. My lab is interested in robustness of cellular processes and plastic adaptation of
development under changing environmental conditions. In addition to temporal change, also spatial
heterogeneity is a hallmark of root environments, yet introducing complex conditions into experimental setups
is challenging.
To enable microscopic studies of root-environment interactions, we are developing RootChips, integrated
microfluidic perfusion and imaging platforms that combine on-chip root cultivation, microscopic access and
precise control over the root microenvironment. Here I will summarize recent developments in the field to
control the root microenvironment using microfluidics. I will also present our latest efforts to investigate how
roots perceive environmental complexity, respond to local stimuli and develop under asymmetric conditions.

FUNCTIONAL DEEP IMAGING USING 2-PHOTON MICROSCOPY
Joop Vermeer
Department of Plant and Microbial Biology, University of Zürich, Switzerland
Intercellular communication is central for the development of an organism. It is mediated by biochemical
gradients as well as physical forces that collectively regulate differentiation and development. Lateral root
formation is a developmental process in which the integration of chemical signals and physical forces is
evident. My lab is interested into the role of cellular communication during organ formation. In particular, we
are studying the interaction between the xylem pole pericycle and its direct neighbour the endodermis, which
we have shown is crucial for lateral root formation.
To this end we are combining functional genomics with live cell imaging of cellular dynamics with in the
pericycle and endodermis during this process. To be able to image these deep-lying cell layers of a prolonged
period of time, we are using 2-photon microscopy. Here I will present some of the benefit and drawbacks of
this technique and will show our latest results regarding the role of the cytoskeleton during lateral root
initiation.
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UNRAVELING THE MECHANISMS BEHIND SHOOT APICAL MERISTEM MAINTENANCE BY COUPLING
CONFOCAL TIME-LAPSE IMAGING WITH ATOMIC FORCE MICROSCOPY
Léa Rambaud-Lavigne
Laboratory of Reproduction and Development of Plants (RDP), Lyon, France
Stem cells are established in the shoot apical meristem during early embryogenesis and remain there for the
entire life of the plant. It is still elusive how this stem cell pool is maintained despite lateral organogenesis and
variable environmental cues. Live time-lapse imaging using confocal microscopy has been used for a decade to
track morphogenesis as well as cell identity, which can be traced with fluorescent proteins. Additionally, atomic
force microscopy has become a powerful tool to draw accurate topography of a sample and to compute its
mechanical properties, such as elastic modulus, which quantifies how stiff the sample is. In this talk, I will show
how confocal time-lapse imaging and atomic force microscopy can be combined to integrate genetic identities
with mechanical properties. This approach opens the way for research on the links between cell identity and
cell mechanics.

LIVE-CELL CONFOCAL IMAGING OF CELL CYCLE PROGRESSION IN DEVELOPING PLANTS
Bénédicte Desvoyes
Centro de Biología Molecular Severo Ochoa, CSIC-UAM, Madrid, Spain
To get insight into the coordination of the different processes that influence organ development it is important
to identify cells in a non-invasive manner progressing through the different phases of the cell cycle. We have
used synthetic biology procedures to express simultaneously in a single plant and from a single locus,
fluorescently-labelled proteins that unambiguously identify cells in G1, S/G2 and G2/M. (1) As a G1 marker, we
used a CFP-labelled prereplication complex protein that is loaded in early G1 and rapidly degraded soon after Sphase initiation in a proteasome-dependent manner. (2) S-phase cells are followed by the incorporation of a
canonical histone H3.1-mCherry, which is maintained through mitosis in actively dividing cells and excluded
late in G2 in cells undergoing their last mitotic cycle. (3) Finally, G2/M cells are labelled with CYCB1;1-Venus,
with a maximum in late G2 and degraded by the APC in anaphase. The combination of these three markers in a
single organism allows monitoring all the cell cycle phases using live-cell confocal imaging. It constitutes an
important tool to study cell cycle regulation during growth in wild type and mutant backgrounds, or in
response to internal and external signals.
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Workshop: Modeling of Plant Metabolic Networks
UPDATES ABOUT CONSTRAINT-BASED MODELING IN PLANTS AND CROPS: CHALLENGES AND
OPPORTUNITIES
Zoran Nikoloski
Bioinformatics, Institute of Biochemistry and Biology, University of Potsdam, Potsdam, Germany
With the advent of technologies and approaches for rapid and comprehensive phenotyping, it is ever more
relevant to integrate the diverse phenotypic data across scales with modeling approaches which allow
predicting the behavior of model plants and crops under future environments. Recent years have seen
numerous developments in fine-grained modeling of cellular processes, from transcription and signaling to
metabolism, and coarse-grained modeling of plant organs as well as interactions between plants and other
organisms. Underlying these developments are approaches which are rooted in the need to make use of the
ever-increasing amount of data, while facing the challenges of accounting for more realistic modeling
constraints. Here, we provide an update of how scaffold models of plant metabolism can be exploited by these
recent computational approaches that allow integration of large-scale data across scales. We will focus on
extensions of constraint-based modeling approaches that have contributed to the understanding of the
interplay between metabolic processes, the consideration of multi-cellular organs, and the design of
intervention strategies.

DEVELOPING GENOME-SCALE WHOLE-PLANT MODELS FOR SWITCHGRASS (PANICUM VIRGATUM)
AND POPLAR (POPULUS DELTOIDES)
Debolina Sarkar and Costas Maranas
Pennsylvania State University, USA
The present work describes genome-scale reconstructions in Populus deltoides and Panicum virgatum. The
initial P. deltoides scaffold model was constructed using the PoplarCyc database [1] and BLAST-matched
Arabidopsis proteins. Due to the paucity of intracellular localizations for poplar proteins, a constraint-based
method was developed which predicts localization scores for unannotated reactions by maximizing the flux
through known reactions while parsimoniously filling-in network gaps to ensure the production of biomass
precursors. ~53% of the predicted localizations were found to match with the BRENDA database for organisms
other than P. deltoides and A. thaliana. For instance, 3-hydroxyacyl-CoA dehydrogenase was localized to the
peroxisome, as seen in plants where the 𝛽-oxidation cycle is present only in the peroxisome [2]. The GSM now
accounts for 3586 metabolites and 3099 reactions and is being used to construct a whole-plant model
encompassing the leaf, stem, and root tissues. The envisioned model will capture carbon and nitrogen flows
between tissues as a function of growth cycle and sequester biomass in tissue-specific ratios. The model will be
used to explore pathways carrying the biggest lever on processes such as growth, nitrogen utilization,
feedstock degradability, and lignin valorization.
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Similarly, the metabolic model for Panicum virgatum accounts for over 2500 metabolites and 3400 reactions.
Although there are differences between switchgrass and maize, both are members of the Panicoideae
subfamily and employ C4 carbon fixation. Therefore, we used MaizeGrow and an earlier maize leaf model [3] as
a reference and performed pBLAST to search for homology genes in the source model [4]. SwitchgrassCyc was
used to incorporate additional reactions and gene associations such as the NAD-malic enzyme [5]. Transcript
data [6] was used to localize reactions in mesophyll and bundle sheath cells. We describe how the model is
expanded into the root, stalk, and leaf tissues, using representative data for biomass growth [7,8]. The
resulting model is used to determine the metabolic changes that occur between various growth conditions,
pinpoint tissue-specific bottlenecks, and to identify key genes responsible for traits such as yield, feedstock
composition, and metabolic tradeoffs between target phenotypes.
[1]
Zhang P, Dreher K, Karthikeyan A, Chi A, Pujar A, Caspi R, et al. Creation of a Genome-Wide Metabolic
Pathway Database for Populus trichocarpa Using a New Approach for Reconstruction and Curation of
Metabolic Pathways for Plants. PLANT Physiol 2010. doi:10.1104/pp.110.157396.
[2]
Poirier Y, Antonenkov VD, Glumoff T, Hiltunen JK. Peroxisomal β-oxidation-A metabolic pathway with
multiple functions. Biochim Biophys Acta - Mol Cell Res 2006. doi:10.1016/j.bbamcr.2006.08.034.
[3]
Simons M, Saha R, Amiour N, Kumar A, Guillard L, Clement G, et al. Assessing the Metabolic Impact of
Nitrogen Availability Using a Compartmentalized Maize Leaf Genome-Scale Model. PLANT Physiol 2014.
doi:10.1104/pp.114.245787.
[4]
Mueller TJ, Berla BM, Pakrasi HB, Maranas CD. Rapid construction of metabolic models for a family of
Cyanobacteria using a multiple source annotation workflow. BMC Syst Biol 2013;7:142.
doi:10.1186/1752-0509-7-142.
[5]
Christin P-A, Salamin N, Kellogg EA, Vicentini A, Besnard G. Integrating Phylogeny into Studies of C4
Variation in the Grasses. PLANT Physiol 2009. doi:10.1104/pp.108.128553.
[6]
Rao X, Lu N, Li G, Nakashima J, Tang Y, Dixon RA. Comparative cell-specific transcriptomics reveals
differentiation of C4photosynthesis pathways in switchgrass and other C4lineages. J Exp Bot 2016.
doi:10.1093/jxb/erv553.
[7]
Serba DD, Daverdin G, Bouton JH, Devos KM, Brummer CE, Saha MC. Quantitative Trait Loci (QTL)
Underlying Biomass Yield and Plant Height in Switchgrass. BioEnergy Res 2014. doi:10.1007/s12155-0149523-8.
[8]
Madakadze IC, Stewart K, Peterson PR, Coulman BE, Smith DL, Zhou X. Switchgrass biomass and
chemical composition for biofuel in eastern Canada. Agron J 1999. doi:10.2134/agronj1999.914696x.
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CONSTRAINT-BASED MODELLING IN DEVELOPING FRUITS TO ESTIMATE FLUXES IN PRIMARY
METABOLISM
Sophie Colombiéa, Christine Nazaretb, Léa Rocha, Bertrand Beauvoita,c and Yves Gibona
a
INRA UMR1332 Biologie du Fruit et Pathologie, 71 av E. Bourlaux, 33140 Villenave d’Ornon, France
b IMB, ENSTBB-Institut Polytechnique de Bordeaux, 351 Cours de la Liberation, 33400 Talence, France.
c Univ. Bordeaux, 146 rue Léo-Saignat, F-33076 Bordeaux Cedex, France.
To better understand how metabolism influences cell growth and quality, a systems biology approach centred
on fruit development is used. Mathematical modelling of metabolism is particularly promising as it enables the
characterisation of the behaviour of complex metabolic systems. In plant biology, tomato is a model organism
to study the development of fleshly fruit including ripening initiation. Constraint-based modelling like flux
balance analysis (FBA) allows the prediction of metabolic steady-state fluxes by applying mass balance
constraints to a stoichiometric model. Modelling fluxes through the metabolic pathways, which supply cofactors
and constituents for biomass synthesis, provides an active depiction of metabolic phenotypes.
We focused on primary metabolism, which provides energy and biosynthetic precursors to support fruit growth
and ripening, essential for the quality of fruit and its biomass. We developed a knowledge-based stoichiometric
model describing the central metabolism of heterotrophic plant cells in order to estimate metabolic fluxes
during tomato fruit development. Reactions describing energy metabolism with the plant cytochromic
respiration and its bypasses (alternative oxidase and uncoupling proteins) have been carefully described in
order to balance both redox and energy cofactors. A dataset including structural and metabolic traits has been
used as constraint to calculate fluxes on a daily basis throughout the tomato fruit development. Solved with
data from plants cultivated under environmental stress conditions (water limitation and shading) modifying the
fruit carbon content, the model showed an unexpected output as a peak of CO2 release and a simultaneous
dissipation of excess energy at the onset of ripening (about 40 days post anthesis) that coincides with the
occurrence of the respiration climacteric. The amount of starch stored during fruit growth appeared to be
crucial. More exactly we pointed out the unbalanced carbon allocation with the sharp slowdown of
accumulation (for syntheses and storage) and the beginning of degradation from starch and cell wall
polysaccharides. Recently, nine fruit species (peach, apple, kiwifruit, clementine, strawberry, pepper, cucumber,
grapevine and eggplant) with contrasted biomass compositions, growth rates and climacteric behaviour have
been analysed to apply the same modelling approach. A large range of fruit traits such as growth dynamics,
climacteric status, maturation duration, phloem-transported sugars and starch storage level are being collected.
Results obtained so far indicate large differences in biomass composition between species at early stages of
development that are even increased at ripening. This dataset will be used to perform constraint-based
modelling in order to get a better understanding of the metabolic bases of fruit diversity.
Colombié S., Beauvoit B., Nazaret C., Bénard C., Vercambre G., Le Gall S., Biais B., Cabasson C., Maucourt M.,
Bernillon S., Moing A., Dieuaide-Noubhani M., Mazat J.-P., Gibon Y. (2017). Constraint-based modelling in
tomato fruit revealed a peak coinciding with the respiration climacteric. New Phytologist, 213, 1726-1739
Colombié, S., Nazaret, C., Bénard, C., Biais, B., Mengin, V., Solé, M., Fouillen, L., Dieuaide Noubhani, M., Mazat,
J.-P., Beauvoit, B., Gibon, Y. (2015). Modelling central metabolic fluxes by constraint-based optimization reveals
metabolic reprogramming of developing Solanum lycopersicum (tomato) fruit. Plant Journal, 81 (1), 24-39.
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Beauvoit, B., Belouah, B., Capko, C., Colombié, S., Dai, Z., Génard, M., Moing, A., Roch, L., Vercambre, G., Gibon,
Y., Bertin N., and Gautier, H. Primary metabolism into perspective for better fruits. Annals of Botany,
https://doi.org/10.1093/aob/mcy057.

METABOLITE RESPONSES OF ARABIDOPSIS THALIANA RCD1 TO PARAQUAT REFLECT HIGH
TOLERANCE TO CHLOROPLASTIC OXIDATIVE STRESS DUE TO ALTERED PRIMARY METABOLISM AND
ENHANCED ANTIOXIDANT DEFENSE
Nina Sipari1, Jenna Lihavainen1, Alexey Shapiguzov2, Jaakko Kangasjärvi2, Markku Keinänen3
1
Viikki Metabolomics Unit, University of Helsinki, Faculty of Biological and Environmental Sciences, Helsinki,
Finland, 2University of Helsinki, Faculty of Biological and Environmental Sciences, Helsinki, Finland, 3University
of Eastern Finland, Department of Environmental and Biological Sciences, Helsinki, Finland
The ozone-sensitive rcd1 (radical-induced cell death1) mutant of Arabidopsis thaliana is defect in the
containment of programmed cell death and its many phenotypes include altered hormonal signalling, early
senescence and high tolerance to paraquat. In plant cell, paraquat interrupts photosynthetic electron transport
chain (ETC) inducing the generation of ROS and depletion of NADPH. To study the biochemical features and the
mechanisms of paraquat tolerance of rcd1 we performed untargeted metabolite profiling of Col-0 (wild type)
and rcd1 plants in light, after prolonged darkness and after paraquat treatment.
Primary and secondary metabolite profiles differed greatly between wild type and rcd1 plants. The levels of
several carbohydrates and amino acids as well as metabolites connected to nucleotide metabolism and
senescence were high in rcd1. Rcd1 accumulated 3-hydroxy-3-methylglutaric acid, a marker for plant
senescence and a typical indicator of mitochondrial dysfunction in animal studies. Altered conversion of
xanthine to urate and redox state of ascorbate and glutathione indicated redox imbalance in rcd1. The
metabolite responses to extended darkness were mainly similar, but the responses to paraquat differed
between the plant lines. Unlike wild type plants, rcd1 did not show symptoms of oxidative stress in
mitochondria and NADPH/NADH depletion in paraquat treatment. However, the accumulation of 2isopropylmalate, an indicator of oxidative stress in chloroplast, suggested that paraquat reached its site of
action in both lines. The levels of antioxidants (tocopherols, glutathione) were initially higher in rcd1 than in
wild type and their levels hardly changed in response to paraquat. This indicates that the available scavenging
mechanisms in rcd1 may be sufficient to avoid the negative effects of ROS under paraquat-induced oxidative
stress.
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Workshop: Stress and CO2 perception and signaling in guard cells
CONVERGENCE MECHANISM OF CO2- AND ABSCISIC ACID-TRIGGERED STOMATAL CLOSURE AND
IDENTIFICATION OF AN INTRACELLULAR CO2 SENSING MECHANISM IN GUARD CELLS
Julian Schroeder1, Po-Kai Hsu1, Jingbo Zhang1, Shintaro Munemasa2, Yohei Takahashi1, Rainer Waadt3, Nuo
Wang4, Yinglong Miao4, Andrew Mccammon4, Felix Hauser1, Wouter-Jan Rappel5
1
, Division of Biological Sciences, University of California, San Diego, United States, 2, Graduate School of
Environmental and Life Science, Okayama University, Okayama, Japan, 3, Centre for Organismal Studies, Plant
Developmental Biology, Ruprecht-Karls-University of Heidelberg, Heidelberg, Germany, 4, Department of
Chemistry and Biochemistry, University of California, San Diego, United States, 5, Physics Department,
University of California, San Diego, United States
Plants control CO2 exchange and water loss in response to endogenous and environmental stimuli via stomatal
pores. Atmospheric [CO2] elevation and the plant hormone abscisic acid (ABA) trigger stomatal closure via
regulation of ion channels in guard cells. However it remains a matter of debate whether [CO2]-triggered
stomatal closure is mediated via a rapid rise in guard cell ABA concentration and how these pathways
converge. To address these questions, stomatal CO2 responses were analyzed in ABA synthesis mutants and
ABA receptor mutants. Furthermore, biochemical and patch clamp analyses of guard cell CO2 and ABA
signaling were analyzed. Moreover, newly developed real-time ABA FRET nano-reporter expressing plants were
generated to determine whether CO2 elevation causes rapid ABA concentration changes in guard cells. Taken
together these interdisciplinary analyses point to a new unexpected understanding of how CO2 signaling and
ABA signaling both close stomata.
Our previous research has suggested that bicarbonate (HCO3-) can directly up-regulate reconstituted SLAC1
channel activity in situ. However, whether this HCO3- regulation is relevant in planta remains unknown. Here
we computationally predict candidate bicarbonate-binding sites within SLAC1 through long-timescale Gaussian
accelerated molecular dynamics (GaMD) simulations. Mutations of two predicted bicarbonate-interacting
residues abolished the enhancement of SLAC1 anion channel activity by CO2/HCO3-, while SLAC1 activation by
other stimuli remained intact. Gas exchange and patch clamp experiments with complemented slac1 mutant
plants expressing mutated SLAC1 proteins revealed that in planta one of these SLAC1 residues is required for
the stomatal CO2 response, but not other responses. These findings suggest that SLAC1 not only mediates anion
efflux from guard cells, but also that SLAC1 could contribute to CO2/HCO3- sensing in guard cells. Results from
this research provide important insights into how plants respond to daily Ci changes and the continuing
atmospheric rise in atmospheric [CO2].
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SPECIFICITY OF ROS SIGNALLING IN GUARD CELLS
Deirdre McLachlan1, Dominique Arnaud2, Michael Deeks2, Nicholas Smirnoff2, Alistair Hetherington1
1
University of Bristol, School of Biological Sciences, Bristol, United Kingdom, 2University of Exeter, Biosciences,
Exeter, United Kingdom
Generation of ROS (reactive oxygen species) is an important part of the signal transduction chain for guard cell
responses to abiotic and biotic stresses. NADPH oxidases, of which there are 10 in Arabidopsis, are responsible
for much of this ROS generation. To date, only two of these, RBOHD and RBOHF, have been implicated in
signalling stomatal closure. The full extent of the specificity and redundancy of these two RBOHs has yet to be
determined, for instance RBOHD appears to be solely involved in pathogen-induced stomatal closure while
ABA-induced stomatal closure appears to be largely mediated by RBOHF, but with some contribution from
RBOHD. We have investigated inhibition of stomatal opening, in response to a range of treatments, in various
Arabidopsis mutants. Additionally, we have characterised these responses further by using roGFP2-Orp1 to
investigate the dynamics of H2O2 changes in real time. This allows differing spatiotemporal dynamics
associated with specific stimuli to be elucidated. We have found stimulus specific ROS signatures at subcellular
locations. Together, these data contribute to building a fuller picture of how specificity is achieved in ROS
signalling and how signals are integrated to allow optimum control of stomatal aperture.

FORWARD GENETICS SCREEN REVEALS A CRUCIAL ROLE OF FUCOSE BIOSYNTHESIS IS STOMATAL
CLOSURE.
Cezary Waszczak1, Triin Vahisalu1, Maija Sierla1, Dmitry Yarmolinsky2, Olena Zamora2, Melanie Carmody1, Julia
Palorinne1, Hannes Kollist2, Jaakko Kangasjärvi1
1
University of Helsinki, Faculty of Biological and Environmental Sciences, Helsinki, Finland, 2University of Tartu,
Institute of Technology, Tartu, Estonia
Guard cells control the size of stomatal pores to control plant gas exchange that aims at balancing the loss of
water with the uptake of CO2. Exposure to multiple environmental factors activates guard cell signaling leading
to stomatal closure, therefore, guard cells determine the water use efficiency and stress tolerance. In response
to the majority of stimuli, accumulation of reactive oxygen species (ROS) in the apoplast of guard cells, is both,
necessary, and sufficient, to initiate the process of stomatal closure. Thus, the exposure to external sources of
ROS, such as ozone (O3), serves as an efficient tool to study stomatal function. Response to ozone triggers rapid
stomatal closure that prevents the entry of ozone into the plant. Plants impaired in stomatal closure receive
high doses of ozone, ultimately leading to leaf damage. On the basis of this mechanism we have conducted a
broad forward genetics screen aiming at identification of novel stomatal regulators. Next to the ozone
susceptibility, for the most prominent mutants we have performed detailed gas exchange-based assays to
investigate stomatal responses to a variety of stimuli. Additionally, targeted sequencing of genomic regions
encoding known stomatal regulators has been performed to avoid potential re-discoveries. The screen yielded
~50 mutants impaired in guard cell signaling. The causative mutations in two of them were mapped to a
genomic region encoding MURUS1 (MUR1), an enzyme catalyzing the first committing step in de-novo fucose
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biosynthesis pathway. Plants lacking MUR1 were unresponsive to the majority of stomata-closing stimuli while
the stomatal opening process appeared functional. Through a further genetic analysis we provide an insight
into the role of fucose biosynthesis in guard cell function.

EUKARYOTIC LIPID METABOLIC PATHWAY IS ESSENTIAL FOR FUNCTIONAL CHLOROPLASTS AND CO2
AND LIGHT RESPONSES IN STOMATAL GUARD CELLS
Juntaro Negi1, Shintaro Munemasa2, Boseok Song1, Ryosuke Tadakuma1, Mayumi Fujita1, Tamar AzoulayShemer2, Cawas Engineer2, Kensuke Kusumi1, Ikuo Nishida3, Julian Schroeder2, Koh Iba1
1
Kyushu University, Department of Biology, 2University of California at San Diego, 3Saitama University
Stomatal guard cells develop unique chloroplasts in land plant species. However, the developmental
mechanisms and function of chloroplasts in guard cells remain unclear. In higher plants, chloroplast membrane
lipids are synthesized via two pathways: the prokaryotic and the eukaryotic pathways. Here we report the
central contribution of endoplastic reticulum (ER)-derived chloroplast lipids, which are synthesized through the
eukaryotic lipid metabolic pathway in the development of functional guard cell chloroplasts. We gained insight
into this pathway by isolating and examining an Arabidopsis mutant, gles1 (green less stomata 1), which has
achlorophyllous stomata and impaired stomatal responses to CO2 and light. The GLES1 gene encodes a small
glycine-rich protein, a putative regulatory component of the trigalactosyldiacylglycerol protein complex that
mediates the ER-to-chloroplast lipid transport via the eukaryotic pathway. Lipidomic analysis reveals that in
wild type, the prokaryotic pathway is dysfunctional specifically in guard cells, whereas in gles1 guard cells, the
eukaryotic pathway is also abrogated. CO2-induced stomatal closing and activation of guard cell S-type anion
channels that drive stomatal movements are disrupted in gles1 guard cells. In conclusion, the eukaryotic lipid
pathway is essential for guard-cell chloroplasts to develop CO2 and light signal sensing machinery.

GUARD CELL CO2 SIGNALING FOR MODULATING TRANSPIRATION
Kadri Tõldsepp1, Yana Sindarovska1, Hanna Hõrak1, Kaspar Koolmeister1, Yuh-Shuh Wang1, Chunh-Yueh Yeh1,
Liina Jakobson1, Mikael Brosche2, Hannes Kollist1 1
1
Institute of Technology, University of Tartu, Tartu, Estonia, 2Division of Plant Biology, Department of
Biosciences, Helsinki, Finland
Adjustments of stomatal aperture in response to changing environmental conditions control gas-exchange
between plant and the atmosphere. The plant hormone abscisic acid (ABA) and elevated CO2 are triggers of
stomatal closure. There are only few regulators that impair the stomatal response to elevated CO2, but not to
ABA. Such are invaluable in unraveling the molecular mechanisms of early CO2 signal transduction in guard
cells. Recently, mutations in the Mitogen-Activated Protein (MAP) kinase, MPK12, have been shown to partially
impair CO2-induced stomatal closure. Here we show that mpk12 plants, in which MPK4 is silenced specifically in
guard cells (mpk12 mpk4GC double mutant), completely lack CO2-induced stomatal responses and have
severely impaired activation of guard cell S-type anion channels in response to CO2/bicarbonate. However,
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ABA-induced stomatal closure, S-type anion channel activation and marker gene expression remain intact in
the mpk12 mpk4GC double mutant. These findings suggest that MPK12 and MPK4 act very early in CO2
signaling, upstream of, or parallel to the convergence of CO2 and ABA signal transduction. The activities of
MPK4 and MPK12 protein kinases were not directly modulated by bicarbonate in vitro, suggesting that they are
not direct CO2/bicarbonate sensors. These data suggest a model for guard cell CO2 signaling where MPK12- and
MPK4-dependent inhibition of HT1 is a major molecular control point of CO2-induced stomatal regulation.
Identification of the MPKs/HT1 mechanism is an important step in providing molecular tools that can be used
to modulate water flux in a CO2-enriched atmosphere, while maintaining responsiveness to other
environmental factors.
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Workshop: Communicating Science in the Age of Fake News: Broadening
Your Impact
THE PUBLIC ENGAGEMENT IMPERATIVE
Ottoline Leyser
Sainsbury Laboratory Cambridge University, Cambridge CB2 1LR, United Kingdom
The popular conception of science creates barriers between science and society. Science is considered to be
the domain of boffins, who are simultaneously super-human because they are extremely smart, and subhuman because they are entirely rational using only pure logic to make progress. We, as scientists, quite often
reinforce these notions by assuming that what we do is too difficult to explain to other audiences, and by
glossing over the creative, imaginative and intuitive aspects of the ways we work. This mythological view of
science is extremely damaging since it discourages many who do not think of themselves as boffins from
studying science, and it instills and perpetuates mistrust in science among important stakeholders. It is
essential to dispel these myths. Public engagement provides one effective route to do this. The main goals for
engagement are therefore twofold. Firstly, it is extremely valuable for scientists simply to meet people and be
human, rather than some kind of Einstein figure. Secondly, it is important to emphasise why you are asking the
questions you are asking, and how you are going about answering them. These aspects are far more important
to convey than the details of what you have discovered. Science as a voyage of discovering is both very human
and very engaging. It brings people in, rather than pushing them away with a wall of complicated terminology.
The public engagement activities we have developed at SLCU have these goals at their heart. For example, we
often have activities for visitors such as working out the ABC model for floral organ patterning using Lego.

REACHING OUT TO K-12
Anna N. Stepanova and Jose M. Alonso
North Carolina State University, Program in Genetics, Department of Plant and Microbial Biology, Raleigh, NC, USA
With generous support of the National Science Foundation (US NSF), the Alonso-Stepanova laboratory has developed
a bilingual (English and Spanish) set of experimental modules in plant biology for kids, plants4kids.org. Since 2011 our
group is running monthly hands-on demonstrations at the North Carolina Museum of Natural Sciences and at local
elementary schools. Currently, our Plants4Kids program consists of 14 experimental modules designed specifically for
young children (ages 5 to 12). By providing step-by-step bilingual directions for performing easy and inexpensive (and,
most of the time, free) experiments, we hope to include children coming from lower-income families that often have
very limited resources and/or poor English language skills. Our goal is to stimulate interest in science among young
people and to make basic science accessible to the underrepresented Hispanic and Latino communities. To date, our
Plants4Kids program has reached thousands of children over the course of more than one hundred live 2-8 hour long
demonstrations. Kids return to our museum booth to share their personal experiences in plant biology inspired by our
earlier demonstrations and teachers invite us back to their classrooms. All personnel in the Alonso-Stepanova group
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regularly participate in the Plants4Kids activities and we have been able to attract additional assistants (North Carolina
State University graduate and undergraduate students and local high school volunteers) to come out and speak with us
to the public about plant biology and experimental research. To reach out to a slightly older audience (middle and high
school students), we have been making short educational YouTube videos that explain fundamental concepts in plant
biology and beyond. NCSU graduate students have been instrumental in developing and producing several of these
videos, embracing the opportunity to earn extra credit and translate what they are learning in higher-level graduate
courses into more basic concepts accessible to the general public.

OVERCOMING THE LANGUAGE BARRIER WITH FASCINATING PLANTS
Karen Sims-Huopaniemi
University of Helsinki, Finland
The Finnish plant science community is highly international with over 50% of doctoral students, post-docs and group
leaders coming from countries other than Finland. Communicating plant science to the general public in a foreign
language has proved to be somewhat challenging with many different forms of language barriers to overcome!
However, with the help of several Finnish colleagues, whose translation skills were truly put to the test, Fascination of
Plants has successfully organised a multitude of events for the public each year from 2012. Most successful have been
our photography competitions with hundreds of entries received each year. A panel of experts select the best 25 and
these entries have been exhibited in various locations throughout Helsinki with members of the public voting for their
favourite. Photographers have donated their pictures to winners of a draw, awarded at a ceremony held at the
University of Helsinki. Other events have utilised the University botanic gardens country-wide with themed open days,
public lectures, guided tours and discussion forum. Raising awareness and interest in plant science from an early age
through the school network from day-care to high school is an important task for all plant scientists. Over the past few
years, interactive workshops with science teachers have highlighted the interest in hands-on experiments in the
classroom. A package of experiments, quizzes and puzzles developed at the University of Helsinki by doctoral students
and other plant scientists is now regularly used at primary and secondary schools throughout Finland.

THE 2BLADES FOUNDATION
H. Peter van Esse
The 2Blades Foundation, Illinois, USA
The 2Blades Foundation is a non-profit that aims to move important discoveries to combat plant diseases away from
the lab bench and into the field. In our outreach activities our first aim is to convey the importance of plant diseases
and the impact they have on the lives of people. This is critical because plant diseases are often an invisible problem in
wealthy nations, while these diseases have a disproportionate impact on many issues that most people care about.
For example, food security and protection against plant diseases are intimately linked in many parts of the world. In
addition, plant diseases impact food safety and outbreaks can cause unexpected spikes in food prices. Many plant
diseases have an impact on the environment due to the need for extensive chemical control to protect crops. Other
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plant diseases have an impact as invasive species. The second activity is to inform the general public, policy makers
and farmers that may not have access to the latest information on the benefits of technology in agriculture. We
communicate that appropriate technology is available and can be deployed to improve agricultural output and the
lives of people around the world. In all our efforts, we use social media and a well thought out web design in which we
use infographics and videos on Youtube to convey our message. All these activities support our main line of
communication, which are our programs that demonstrate the impact that can be achieved when important
discoveries and innovations in plant science are crafted into effective solutions for commercial and smallholder
farmers.
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Workshop: Seeing the invisible – young researchers presenting fluorescent
based sensors as potent analytical tools
VISUALIZATION OF SIGNALING MOLECULES USING GENETICALLY ENCODED FLUORESCENT
INDICATORS
Rainer Waadt1
1
Centre for Organismal Studies, Plant Developmental Biology, Heidelberg, Germany
Plants use diverse signaling molecules to translate environmental signals into chemical signals that mediate
adaptive growth and developmental responses to achieve a successful life cycle. Local and temporal
concentration changes of signaling molecules can thereby play distinctive roles in modulating downstream
response patterns. To better understand how environmental signals are translated into plant growth and
developmental responses, it is important to measure the involved signaling molecules in intact plants.
Genetically encoded fluorescent indicators (GEFIs) are ideal tools for the visualization of small molecules in
vivo. We use GEFIs to monitor cytoplasmic changes of abscisic acid (ABA), calcium, the cellular redox state or
reactive oxygen species (ROS) and pH in Arabidopsis. Through the simultaneous expression of two GEFIs at the
same time, we are now able to perform correlative analyses to determine the dynamic relationships of at least
two signaling molecules.
Our data indicate that ABA does not induce calcium signals in roots. In response to auxin and ATP, we observe
calcium signals in roots that locally correlate with cytoplasmic acidification. Finally, we observe strong
correlation between calcium and cellular redox changes in response to hydrogen peroxide (H2O2) but not in
response to salt stress or wounding.
The GEFI-based simultaneous visualization of two signaling molecules opens new possibilities to study the
relationships between diverse signals. Using these tools, we can obtain deeper insights into how plants
integrate environmental changes and translate them into adequate adaptive responses.

IN VITRO AND IN VIVO IMAGING OF CALCIUM-SENSOR KINASE CONFORMATIONAL CHANGE USING
A FRET-BASED APPROACH
Anja Liese1, Bernadette Eichstädt1, Kai R. Konrad2, and Tina Romeis1
1
Dahlem Centre of Plant Sciences, Department of Plant Biochemistry, Freie Universität Berlin, Germany’
2
Julius-Von-Sachs Institute for Biosciences, Julius Maximilians Universität Würzburg, Germany
Calcium (Ca2+) is a universal signaling molecule which signature is often translated into phosphorylation
cascades. Calcium-dependent protein kinases (CDPKs), involved in abiotic and biotic stress responses as well as
plant development, bind direct Ca2+ and transduce Ca2+ signals in protein phosphorylation. Until now, a detailed
investigation of temporal and spatial activation of CDPKs in the context of plant stress signals has been
hampered by the lack of appropriate in vivo approaches. To overcome these constraints, we developed and
apply a novel FRET-based method: the calcium-binding regulatory domain of CDPKs is sandwiched between a
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donor- and an acceptor-fluorescence protein pair. In vitro characterization of two CDPKs from Arabidopsis
thaliana with distinct Ca2+-affinities demonstrates that Ca2+-dependency of conformational change correlates
with Ca2+-inducible kinase activation. Furthermore, in a life cell system, here the plant pollen tube, FRET
sensor-based imaging of the kinase conformational change monitors real time Ca2+-dependent activation
dynamics. Members of CDPK gene family strongly differ with respect to their Ca2+-dependency. Thus, the CPK
gene family may serve as a precedence case to study Ca2+ sensors with a wide range of sensitivities and will be
of interest to all scientists interested in Ca2+-dependent signaling.

UNCOVERING THE ROLE OF CYCLIC NUCLEOTIDE GATED ION CHANNEL 2 IN RESPONSES BEYOND
PLANT DEFENSE SIGNALLING
Sonhita Chakraborty1, Masatsugu Toyota2, Wolfgang Moeder1, Simon Gilroy3, Keiko Yoshioka1
1
University of Toronto, Department of Cells and Systems Biology, Toronto, Canada, 2Saitama University,
Graduate School of Science and Engineering, Saitama, Japan, 3University of Wisconsin, Department of Botany,
Madison, United States
Cyclic Nucleotide Gated Ion Channels (CNGCs) are non-selective cation channels that have been implicated in
regulating responses to both biotic and abiotic stresses in plants. CNGC2 specifically has been implicated in
plant immunity through the study of the autoimmune phenotypes exhibited by the null mutant, defense, no
death1 (dnd1). Furthermore, the Ca2+ hypersensitivity of dnd1 also implicates CNGC2 as a Ca2+ channel. To
understand CNGC2-mediated signalling, a few different approaches were taken. In our lab, repressor of
defense, no death1 (rdd1) was identified as the first novel suppresser of dnd1 (Chin et al. 2013). Additionally,
dnd1 also exhibits many developmental defects which lead us to examine the mutant from a developmental
perspective. Gravitropic root bending and auxin-signalling using the well-established DR5::GUS system was
used to assess if the developmental defects of dnd1 are associated with alterations in auxin signalling. Auxininduced Ca2+ influx was also examined using the fluorescence resonance energy transfer (FRET) based
genetically encoded Ca2+ indicator yellow chameleon nano 65. Our data suggests that not only does dnd1
exhibit alterations in auxin signalling, including loss of sensitivity to exogenous auxin and altered auxin-related
phenotypes, dnd1 also exhibits impaired auxin-induced Ca2+ signalling. Interestingly, rdd1 not only suppresses
the well-known autoimmune phenotypes associated with dnd1, but it also supresses some of the
aforementioned auxin-related defects of dnd1. The data accumulated so far suggests that CNGC2 is likely
involved in processes beyond defence signalling including growth and development and auxin signalling. More
data connecting CNGC2-mediated Ca2+ signalling and auxin responses through the study of rdd1 and the rephenotyping of dnd1 as a developmental mutant will be presented.

CLE40 ACTIVATED DOWNSTREAM SIGNALING CASCADE IN THE ROOT MERISTEM
Maike Breiden1, Vilde Olsson2, Melinka A. Butenko2, Rüdiger Simon1
1
Heinrich-Heine-University Düsseldorf, Institute for Developmental Genetics, Düsseldorf, Germany,
2
Department of Biosciences, Section for Genetics and Evolutionary Biology (EVOGENE) , Oslo, Norway
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Communication between plant cells and their biotic environment is largely dependent on the function of
plasma membrane localised receptor-like kinases (RLKs). One of the major players in this communication within
root meristems are secreted peptides, including CLAVATA3/EMBRYO SURROUNDING REGION40 (CLE40).
Mutations in CLE40 lead to multiple growth defects, reduced pathogen protection and a strong growth
retardation upon increased temperatures. In the distal root meristem, CLE40 acts through the RLK
ARABIDOPSIS CRINKLY4 (ACR4) and the LRR-RLK CLAVATA1 (CLV1) to promote cell differentiation. In the
proximal meristem, CLE40 signalling requires the LRR-RLP CLAVATA2 (CLV2) and the membrane localized
pseudokinase CORYNE (CRN) and serves to inhibit cell differentiation. The molecular components that act
immediately downstream of the CLE40-activated receptors are not yet known, but we discovered, using a red
genetically encoded calcium indicator (R-GECO1), that active CLE40 signalling triggers the release of
intracellular Ca2+. Using live cell imaging of Ca2+ transients in the root of loss of function mutants in the
proposed signaling cascades together with genetically encoded Ca2+ indicators (e. g. R-GECO1) should give
more insight into the cascade´s architecture. Ca2+ transients can be triggered by G-protein activation. Interplay
of CLV1 and G-protein subunits was shown, because mutations in Gα and Gβ subunits resemble clv1-like
mutant phenotypes in maize. The expression patterns of selected G-protein subunits are analyzed using
reporter lines expressing the GUS or YFP reporter genes under the control of the G-protein promotors. The
possible activation of kinase cascades or other after CLE40p treatment is addressed by using
phosphoproteomics upon CLE40 treatment.
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Workshop: Vascular Development
LIMITED WATER AVAILABILITY AFFECTS XYLEM DEVELOPMENT IN THE ARABIDOPSIS ROOT
Prashanth Ramachandran1, Frauke Augstein1, Annelie Carlsbecker1
1
Uppsala University, Dept. of Organismal Biology, Physiological Botany, Uppsala , Sweden
Plants take up water and mineral nutrients by their roots for further transport via the xylem to the shoot.
Under conditions of reduced water availability, stomata close rapidly and growth may be reduced. However, if
the water transporting tissue itself is affected has largely been overlooked. Recently, we reported that the
xylem in the roots of Arabidopsis seedlings responds to water limiting conditions by forming more protoxylem
(cells with spiral secondary cell wall thickenings) and reticulate instead of pitted metaxylem cells
(Ramachandran et al., Development, 145, 2018). Drought stress causes elevated ABA levels and, consistently,
application of ABA results in similar xylem phenotypes as water deficit. Inhibition of ABA signalling within the
vascular stele has no effect on xylem formation, but when ABA signalling is inhibited in the surrounding
endodermal cell layer the xylem becomes unresponsive to ABA and water deficit. Hence, ABA is normally
sensed in the endodermis although effects are detected in the stele, suggesting a mechanism that transmits
this signal to the stele. Previously, we have shown that miR165 acts non-cell autonomously to restrict
expression of class III HD-ZIP transcription factors (HD-ZIP III TFs) within the peripheral stele, and that this is
required for protoxylem formation (Carlsbecker et al., Nature, 465, 2010). We found that ABA affects the
expression levels of MIR165A in the endodermis. Under conditions of elevated ABA, more miR165 is produced,
and this is accompanied by reduced levels of certain HD-ZIP III TFs, resulting in more protoxylem strands. This
effect is already detectable by protoxylem markers within the root meristem. However, also xylem
differentiation appears affected by reduced or elevated ABA levels. We will present results on how ABA may
regulate MIR165A, and other factors, to modulate xylem formation, and how it affects xylem differentiation
and, thereby, potentially the transport of water.

CELL FATE DECISION DURING RADIAL PLANT GROWTH - MAKING A CASE FOR PHLOEM FORMATION
Thomas Greb1, Eva-Sophie Wallner1, Vadir López-Salmerón1, Virginie Jouannet1, Nina Tonn1
1
Centre for Organismal Studies, Developmental Physiology, Heidelberg, Germany
Body shaping in multicellular organisms depends on the activity of distinct stem cell niches coordinated over
long distances. Radial growth of plant shoots and roots is based on the tissue-forming properties of a group of
stem cells called the cambium, the activity of which leads to the production of water and sugar transporting
tissues (xylem and phloem). Here, we show that SUPPRESSOR OF MAX2 1-LIKE (SMXL) genes, associated with
the signaling of the plant hormone strigolactone (SL), are expressed in developing phloem cells along the entire
plant body. We demonstrate that, within the SMXL gene family, specifically SMXL3/4/5 deficiency results in
strong and general defects in phloem formation, altered sugar accumulation, and seedling lethality. By
comparing protein stabilities, we also show that SMXL3/4/5 proteins function differently to canonical SL
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signaling mediators, although being functionally interchangeable with those under low SL signaling conditions.
Genetic and physical interaction of SMXL proteins with proteins containing a PHD finger motif suggests that
chromatin remodeling is an essential feature of SMXL-dependent phloem specification. Our observations
reveal a fundamental mechanism of cell type specification and indicate that SMXL proteins are part of a
machinery of nuclear regulators initiating a distinct developmental program.

A HIGH-TEMPORAL-RESOLUTION GENE EXPRESSION ATLAS OF THE PHLOEM SIEVE ELEMENTS IN THE
ARABIDOPSIS ROOT
Jung-ok Heo1 2, Bernhard Blob2, Maria Angels de Luis Balaguer3, Winnie Lau4, Rosangela Sozzani3, Kenneth D.
Birnbaum5, Bertie Göttgens4, Ykä Helariutta1 2
1
University of Helsinki, Institute of Biotechnology/Department of Biological and Environmental Sciences,
Helsinki, Finland, 2The Sainsbury Laboratory, Plant Science Department, Cambridge, United Kingdom, 3North
Carolina State University, Plant and Microbial Biology Department, Raleigh, United States, 4Stem Cell Institute ,
Department of Haematology, Cambridge, United Kingdom, 5Center for Genomics and Systems Biology, New
York , United States
Conducting tissues of plant vasculature consist of phloem sieve elements (SEs) and xylem tracheary elements.
SEs are highly specialized tissue type responsible for the long distance transport of photosynthates and
developmental signals. In the root of Arabidopsis, there are approximately 25 cells from the stem cell to the
enucleating cell in a lineage of protophloem SE. Along the developmental gradient, self-renewal stem cells and
progenitors reside close to the quiescent centre of the root, in which consecutive asymmetric cell divisions take
place to give rise to procambium and meta-/proto-phloem sieve elements. Subsequently, cells in the
protophloem SE lineage enter a highly proliferative state. The following SE differentiation displays dynamic
cellular processes, such as sieve plate formation, organelle rearrangement, cytosolic degradation and
enucleation. A collection of fluorescent reporter lines that exhibit temporally distinct expression patterns has
been generated and subjected to fluorescence activated cell sorting (FACS). Transcriptomes of FACS-isolated
cell populations were analysed to identify new regulators of phloem development and to understand
differential gene expression over a developmental progression. In addition, we’ve collected a pool of 500 cells
individually for single cell RNA sequencing. Our single-cell transcriptomic data has been projected onto a
pseudo-time ordering to explore temporal gene expression dynamics. These datasets will be bases for the
inference of a phloem-specific gene regulatory network. Moreover, we have been modifying PLETHORA (PLT)
gradient, a global regulator of the root meristem zonation, specifically in the SEs to understand cell state
transitions. Our ectopic overexpression and inducible phloem-specific CRISPR-Cas9 data suggests PLT gradient
directs the temporal patterning of developing SE, and this appears to be partially through the repression of
enucleation pathway which is mediated by APL-NAC45/86-NENs.
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INTEGRATION OF BRASSINOSTEROID AND PHYTOSULFOKINE SIGNALLING CONTROLS VASCULAR
CELL FATE IN THE ARABIDOPSIS ROOT
Holzwart Eleonore1, Apolonio Ignacio Huerta1, Nina Glöckner2, Borja Garnelo Gómez1, Friederike Ladwig2, Klaus
Harter2, Sebastian Wolf3
1
Centre for Organismal Studies Heidelberg, 2ZMBP Tübingen, 3Centre for Organismal Studies Heidelberg,
Heidelberg, Germany
Plant growth depends to a large extent on the physico-chemical properties of the cell walls, which dynamically
adapt to internal and external cues. This adaptation involves feedback signalling, linking information on the
integrity of the wall with intracellular growth-regulating processes. However, very little is known about the
nature of these pathways and how signals are transduced to the cytosol. Recently, we have shown that
interference with the major cell wall polysaccharide pectin triggers activation of BR signalling, which in turn
orchestrates a compensatory response involving cell wall remodelling. In the absence of BR-mediated feedback
signalling, altered pectin modification severely compromises cellular integrity, ultimately resulting in cell
rupture. Through a forward genetic screen, a receptor-like protein (RLP44) was identified which mediates
integration between cell wall and BR signalling through association with the BR receptor protein, the receptorlike kinase BRI1. Here, we show that both BRI1 and RLP44 are required for root vascular cell fate maintenance,
as the respective mutants show ectopic xylem cells in procambial position. However, this phenotype is
unrelated to classical brassinosteroid signalling outputs. Instead, BRI1 is required for the expression and
function of its interaction partner RLP44, which, in turn, associates with the receptor for the peptide hormone
phytosulfokine (PSK). We show that PSK signalling is required for the maintenance of procambial cell identity
and is quantitatively controlled by RLP44, which promotes complex formation between the receptor for PSK
and its co-receptor. Mimicking the loss of RLP44, PSK-related mutants show ectopic xylem in the position of
procambium, whereas rlp44 can be rescued by exogenous PSK. Based on these findings, we propose that RLP44
controls cell fate by connecting BRI1 and PSK signalling, providing a mechanistic framework for the integration
of signalling mediated by the plethora of plant receptor-like kinases at the plasma membrane.

PIRIN2 SUPPRESSES NON-CELL-AUTONOMOUS LIGNIFICATION IN ARABIDOPSIS XYLEM
Bo Zhang1, Sacha Escamez1, Bernadette Sztojka1, Pal Csaba Miskolczi2, Ruben Vanholme3 4, Mattias
Hedenström5, Andras Gorzsas5, Yin Wang1, Nicolas Delhomme1, Rishikesh P. Bhalerao2, Wout Boerjan6 7,
Hannele Tuominen1
1
Umeå Plant Science Centre, Umeå University, Department of Plant Physiology, Umeå, Sweden, 2Umeå Plant
Science Centre, Swedish University of Agricultural Sciences, Department of Forest Genetics and Plant
Physiology, Umeå, Sweden, 3Ghent University, Department of Plant Biotechnology and Bioinformatics, Gent,
Belgium, 4VIB Center for Plant Systems Biology, Gent, Belgium, 5Umeå University, Department of Chemistry,
Umeå, Sweden, 6Ghent University, Department of Plant Biotechnology and Bioinformatics, Gent , Belgium, 7VIB
Center for Plant Systems Biology, Gent , Belgium
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PIRINs (PRN) are highly conserved cupin domain containing proteins, which have been implicated in numerous
biological processes, including transcriptional co-regulation in mammals, but that are not extensively studied in
plants. The PRN gene family was previously identified as a potential novel regulator of lignification in the
developing tracheary elements in Zinnia elegans cell cultures (Pesquet et al., 2013).
In Arabidopsis thaliana histochemical GUS assay revealed the very specific expression of the homologous
PIRIN2 (PRN2) in the xylem cells that were located next to xylem vessel elements. Cell wall chemistry analysis
of two prn2 knock-out mutants demonstrated slightly increased lignin content and a significant increase in the
ratio of the S- to the G-type lignin compared to the wild-type, which correlated with changes in expression of
lignin biosynthetic genes. Overproduction of PRN2 resulted in the opposite phenotype. Fourier transform
infrared spectroscopy and Raman microspectroscopy showed that PRN2 modulates cell wall chemistry of the
neighbouring vessel elements and fibers, hence contributing to their lignification in a non-cell-autonomous
manner. Interaction assays resulted in the identification of the chromatin modifying E3 ubiquitin ligase
HISTONE H2B MONOUBIQUITINATION2 (HUB2) as an interactor of PRN2. HUB2 is not expressed in vessel
elements, but Raman analysis revealed that HUB2 suppresses the accumulation of G-type lignin in the vessel
cell walls. Altogether, the results suggest that PRN2 regulates, together with HUB2, lignification in a non-cellautonomous fashion by regulating the expression of lignin biosynthetic genes.

ENDODERMIS REMODELING DURING LATERAL ROOT FORMATION IN ARABIDOPSIS THALIANA
Robertas Ursache1, Martha Thellmann2, Tonni Grube Andersen1, Joop Vermeer2, Niko Geldner1
1
University of Lausanne, Department of Plant Molecular Biology, Lausanne, Switzerland, 2University of Zürich,
Department of Plant and Microbial Biology, Zürich, Switzerland
Plants roots take up essential nutrients and block out unwanted compounds from the soil by using a selective
barrier in the roots known as the endodermis. Endodermis contains ring-shaped and lignin-based Casparian
strips that act as diffusion barriers. Later in development, endodermal cells suberize to produce 'patchy'
suberization that eventually leads to a zone of continuous suberin deposition. The two impermeable polymers,
lignin and suberin, affect paracellular and transcellular transport, respectively. Despite the chemically resistant
nature of these polymers, the plant must locally remodel them during lateral root formation, as well as to seal
the sites flanking lateral root primordia in order to prevent the infection by various pathogens. Using various
genetic tools (Vermeer et al., 2014), we have identified several auxin-induced and endodermis-enriched
candidate proteins which are important for endodermis remodelling during lateral root formation.
Furthermore, to study the changes in cell wall composition during lateral root formation, we have developed a
ClearSee-based toolbox in which a number of classical histological stains for lignin, suberin and other cell wall
components can be used together with fluorescent reporter lines (Ursache et al., 2018). We hope that our
ClearSee-adapted protocols will improve and speed up anatomical and developmental investigations in various
plant species.
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BRASSINOSTEROIDS-CONTROLLED LOCAL AUXIN HOMEOSTASIS IS ESSENTIAL FOR SECONDARY
XYLEM DEVELOPMENTS IN TOMATO
Jinsu Lee1, Hojin Ryu1
1
Chungbuk National University, Biology, CHEONGJU, Korea, Rep. of South
Brassinosteroids (BR) are plant steroid hormones playing crucial roles in diverse growth and developmental
processes in plant life cycles. The canonical BR signaling and its crosstalks with other signaling pathways are
involved in pleotropic regulation of plant growth and development. However, their biological roles in one of
the most important crops, tomato (Solanum lycopersicum), are largely unknown. Here, we performed
comparative physiological and in-silico analysis between cultivated wild-type tomato, BGA and a BR
biosynthetic mutant, micro-tom (MT). As previously reported, the BR-deficient MT tomato displayed stunt
growth phenotypes and we further revealed abnormal xylem development in tomato stem tissues. These BRdefective phenotypes were completely recovered by either exogenous epi-BL treatments or complementation
of BR biosythetic and signaling components. Conversely, impaired BR signaling pathways in tomato by
overexpressing SlGSK3s or knocking-out SlBRI1 with a CRISPR-Cas9 genome editing system were resulted in
more severe defects in the xylem developments. Using RNA-seq and bioinformatic analysis of a BR defected MT
tomato plant, we confirmed the correlation between BR signaling pathways and diverse development or stress
related gene networks. Furthermore, we successfully selected and analyzed a putative novel direct target gene
for the BR-mediated xylem development. The molecular functional studies of the novel target gene showed
that BR directly modulate auxin homeostasis during the xylem formation. In this study, we reveal BR-mediated
novel molecular networks for plant vascular developments and signaling integration with auxin in the
important crop tomato plant.

CELLS WITH XYLEM IDENTITY POSITION STEM CELL NICHE OF VASCULAR CAMBIUM
Ondrej Smetana1, Riikka Mäkilä1, Munan Lyu1, Ari Pekka Mähönen1
1
Institute of Biotechnology, HiLIFE, and the Faculty of Biological and Environmental Sciences, Viikki Plant
Science Centre, University of Helsinki, Helsinki, Finland
The entire plant body is formed by the activity of meristems where cell divisions take place. In the he heart of
each meristem is a stem cell niche sending signals that keep meristem undifferentiated. Vascular cambium is a
secondary meristem producing cells in radial direction and thus mediates thickening of plant organs. Despite
the fact that the cambium is producing large proportion of biomass on the Earth, the location and regulation of
the cambium stem cell niche is unknown. By combining cell lineage tracing with molecular genetics, we show
that cells with xylem identity position the stem cell niche of the root vascular cambium. Molecular studies
revealed that the stem cell niche is defined by local auxin maximum and consecutive expression of class III
homeodomain-leucine zipper (HD-ZIP III) family transcription factors. Conditional removal of components of
auxin signalling or HD-Zip IIIs lead to inhibition of secondary xylem formation and disorganization of the
cambium. Molecular marker analysis revealed that this disorganization was associated with loss of cambial
identity and eventually loss of phloem identity. Since lineage tracing revealed a common, bipolar stem cell for
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secondary xylem and phloem, cell non-autonomous requirement of HD-ZIP IIIs for phloem production confirms
their role as factors maintaining the stem cells.
Finally we tested through clonal activation which components defining the stem cell niche are sufficient to
induce vascular cambium in ectopic position. Taken together these data allowed us to identify a regulatory
framework for specification of the stem cell niche of vascular cambium.

AT-HOOK MOTIF NUCLEAR LOCALIZED PROTEINS IN THE XYLEM PATTERING OF ARABIDOPSIS
ROOT
Minji Seo1, Ji-Young Lee1
1
Seoul National University, Biological Science, Seoul, Korea, Rep. of South
Cell fate determination and differentiation is an important process in the development of multicellular
organisms. In plants, protein-protein interaction and intercellular movement of various regulatory proteins are
crucial for this. Previous research from our lab revealed that two novel factors, AT-HOOK MOTIF NUCLEAR
LOCALIZED PROTEIN 3 (AHL3) and AHL4 define xylem boundary in the Arabidopsis root apical meristem. The
interaction between these two putative transcription factors were found to be essential for xylem boundary,
however how they function through protein interaction has not been investigated. In this context, we
expanded yeast-2-hybrid assay to analyze the interaction between AHL3/4 and other AHL members. We found
that AHL3 and AHL4 proteins interact extensively with other AHL proteins that belong to the same clade of AHL
gene family as AHL3 and 4. Since some of these AHL proteins are expressed in a root stele enriched manner, we
further investigated whether these AHL members interacting with AHL3/4 are also involved in the xylem
boundary regulation. And, we found that single mutants of AHL1 AHL2 and AHL7 genes show the perturbation
in xylem boundaries like ahl3 and ahl4 mutants. These data collectively suggest that multiple AHL proteins
might define xylem boundary in both redundant and complementary manners by forming multimeric protein
complexes.
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[P1] ENHANCED FLOOD TOLERANCE IN TRANSGENIC ARABIDOPSIS THALIANA OVER-EXPRESSING
THE GENE ACC (AMINOCYCLOPROPANE 1 CARBOXYLIC ACID) OXIDASE
Niveditha Ramadoss1, Dinesh Gupta2, Brajesh Vaidya3, Nirmal Joshee3, Chhandak Basu1
1
California State University, Northridge, Biology, Northridge, United States
2
University of Washington , United States
3
Fort Valley State University , Fort Valley, United States
Floods are responsible for $30 billion loss of agricultural productivity worldwide. Floods are the most
anticipated disaster due to climate change and the frequency of their occurrence is said to increase
in the future. Our aim is to develop flood tolerant plants that can address the issue of crop loss due
to floods. Flooding is an abiotic stress that depletes the oxygen supply to plants. The major plant
hormone that helps to tolerate stress is ethylene. Ethylene protects plants from flood by developing
flood adaptive traits. But during flooding, plants cannot produce enough ethylene, as the precursor
ACC (aminocyclopropane-1-carboxylic acid) needs oxygen to be converted into ethylene. This
conversion is catalyzed by the enzyme ACC oxidase. Hence we hypothesize that, if ACC oxidase is
overexpressed in plant in its natural state, then enough ethylene will be produced for the plant to
develop flood adaptive traits before facing the flood situation. The ACC oxidase gene was
PCR(Polymerase chain reaction) amplified from Arabidopsis thaliana plants and cloned into a plant
expression vector pBINmgfp5-er. Arabidopsis plants were transformed by floral dipping. The
transformants were confirmed using regular PCR for presence of gene and quantitative PCR for gene
expression. Ethylene production was measured using gas chromatography. The results showed that
transgenic plants exhibited enhanced flood tolerance compared to their wild type counterparts.
Physiological analyses showed that transgenic plants had faster growth rate, thick and tall stems,
bigger stomata, swollen aerenchyma and reduced trichomes that keep the plant unaffected by
floods. Further studies are being done to study the transgenic’s protein expression.
This abstract was presented in CSU Annual Biotechnology Symposium, 2018
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[P2] HERBOXIDIENE TRIGGERS SPLICING REPRESSION AND ABIOTIC STRESS RESPONSES IN PLANT
Sahar Alshareef1, Yu Ling1, Haroon Butt1, Kiruthiga Mariappan1, Moussa Benhamed1, Magdy
Mahfouz1
1
King Abdullah University of Science and Technology, Division of Biological Sciences, Saudi Arabia
Background: Constitutive and alternative splicing of pre-mRNAs from multiexonic genes controls the
diversity of the proteome; these prcisely regulated processes also fine-tune responses to cues
related to growth, development, and stresses. Small-molecule inhibitors that perturb splicing provide
invaluable tools for use as chemical probes to uncover the molecular underpinnings of splicing
regulation and as potential anticancer compounds.
Results: Here, we show that herboxidiene (GEX1A) inhibits both constitutive and alternative splicing.
Moreover, GEX1A activates genome-wide transcriptional patterns involved in abiotic stress
responses in plants. GEX1A treatment -activated ABA-inducible promoters, and led to stomatal
closure. Interestingly, GEX1A and pladienolide B (PB) elicited similar cellular changes, including
alterations in the patterns of transcription and splicing, suggesting that these compounds might
target the same spliceosome complex in plant cells.
Conclusions: Our study establishes GEX1A as a potent splicing inhibitor in plants that can be used to
probe the assembly, dynamics, and molecular functions of the spliceosome and to study the
interplay between splicing stress and abiotic stresses, as well as having potential biotechnological
applications.
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[P3] 1-CYSTEINE PEROXIREDOXIN ANTIOXIDANT PER1 ENHANCES SEED LONGEVITY AND STRESS
TOLERANCE
Shangzhi Huang1, Huhui Chen1
1
Sun Yat-sen university, school of life science, Guangzhou, China
Seed longevity, the maintenance of viability during storage, is a major factor for conservation of
genetic resources and biodiversity. Seed longevity is an important trait of agriculture crop and is
impaired by reactive oxygen species (ROS) during seed desiccation, storage and germination (C. R.
Biol., 331, 2008 and 796). Seeds possess a wide range of systems (protection, detoxification, repair)
allowing them to survive during storage and to preserve a high germination ability. In many plants, 1cys peroxiredoxin (1-Cys Prx, also named PER1) is a seed-specific antioxidant which eliminates ROS
with cysteine residues. Here we identified and characterized a seed-specific PER1 protein from seeds
of sacred lotus (Nelumbo nucifera Gaertn.). Purified NnPER1 protein protects DNA against the
cleavage by ROS in the mixed-function oxidation system. The transcription and protein accumulation
of NnPER1 increased during seed desiccation and imbibition and under abiotic stress treatment.
Ectopic expression of NnPER1 in Arabidopsis enhanced the seed germination ability after controlled
deterioration treatment (CDT), indicating that NnPER1 improves seed longevity of transgenic plants.
Consistent with the function of NnPER1 on detoxifying ROS, we found that the level of ROS release
and lipid peroxidation was strikingly lower in transgenic seeds compared to wild-type with or without
CDT. Furthermore, transgenic Arabidopsis seeds ectopic-expressing NnPER1 displayed enhanced
tolerance to high temperature and abscisic acid (ABA), indicating that NnPER1 may participate in the
thermotolerance and ABA signaling pathway.
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[P4] GTR1 PARTICIPATES IN SALINITY-INDUCED JASMONATE SIGNALING
Hsin-Yi Kuo1, Ya-Yun Wang1
1
National Taiwan University, Institute of Life Science / Plant Biology, Taipei, Taiwan
Salinity stress cause severe loss of crop productivity and such loss will be a big problem for human
beings. Under salinity stress, jasmonate (JA) signaling is activate and helps plants to establish
tolerance against unfavorable environment. The Arabidopsis glucosinolate transporter 1
(GTR1/NPF2.10) belongs to nitrate transporter 1/peptide transporter family (NPF), and has been
reported to transport nitrate, glucosinolates, and jasmonoyl isoleucine (JA-Ile). In this study, the role
of GTR1 on JA signaling under salt stress is investigated. Data showed that the expression of GTR1 is
induced by salt and methyl jasmonate (MeJA) but not by abscisic acid (ABA). In addition, the JA-Ile
receptor, COI1, is required for the induction of GTR1 at later stage of salinity stress response. In gtr1
mutant, the inhibition of primary root growth was alleviated under treatment of NaCl or MeJA, and
the lateral root density was lesser than that of wild type. The induction of JA responsive genes was
inhibited in gtr1 mutant under salt stress while the expression of other salinity responsive genes
showed no significant difference between Col-0 and gtr1 mutant. These results suggest that GTR1
participates in the salt stress responses through promoting JA responses. Besides phenotypic
analysis, the two putative phosphorylation sites of GTR1 were analyzed for substrate transport
activity by Xenopus oocyte system. The results showed that GTR1 and all its phosphorylation
mimicries can transport JA-Ile and nitrate, and the phosphorylation on S635 can further promote the
JA-Ile transport activity. Due to the multi-substrate property and post-translational modification, the
detailed mechanisms of how GTR1 contributes to salt tolerance need further investigation.
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[P5] THE ROLES OF NRT1/PTR FAMILY (NPF) MEMBERS UNDER STRESSES IN ARABIDOPSIS
Ya-Yun Wang1 2, Hsin-Yi Kuo1 2, Guan-Yu Louh2
1
National Taiwan University, Department of Life Science, Taipei, Taiwan
2
National Taiwan University, Institute of Plant Biology, Taipei, Taiwan
The first NPF (nitrate transporter 1/peptide transporter family) member identified in plants is a
nitrate transporter in 1993. To date, the physiological functions of several NPF transporters have
been identified. Interestingly, those studies have shown that NPF proteins transport not only nitrate
and peptides but also phytohormones and glucosinolates. This substrate promiscuity suggests that
NPF genes play important roles in plant nutrition, development, hormone signaling, and stress
responses. Therefore NPF genes would be good candidates to improve the crop yield with the
increasing need for sustainable production of nutritious foods. However, the functions of NPF in
stress responses are not clear. In my lab, the mutants of Arabidopsis NPF genes were analyzed for
the responses to biotic and abiotic stresses. In the pathogenic test to Pseudomonas syringae (Pst)
DC3000, three NPF mutants showed more susceptible and one mutant showed more resistant
compared to wild type. Furthermore, two other NPF mutants were involved in salt and drought
responses, which result from JA signaling and stomatal movement. The underlying mechanisms will
be revealed by characterizing the basic properties of the selected NPF genes, such as substrate
specificity, transport kinetics, and protein localization, and by analyzing how the stress-induced
signaling is altered in the mutants. We are also interested in how these genes are regulated by
stresses. The transcriptional regulation will be analyzed by finding specific cis-elements, transcription
factors, or epigenetic modifications. Finally, we may manipulate the key points in the responsive
pathways to sustain the crop production.
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[P6] INTERACTION BETWEEN THE PERIPHERAL MEMBRANE PROTEIN EHB1 AND THE IRON
TRANSPORTER IRT1 INHIBITS ARABIDOPSIS IRON ACQUISITION
Imran Khan1, Regina Gratz1, Lara Genders1, Tzvetina Brumbarova1, Petra Bauer1, Rumen Ivanov1
1
Heinrich-Heine University, Institute of Botany, Düsseldorf, Germany
Being a key transition element employed in the biosphere, iron is crucial for the operation of living
organisms, however its cellular excess can be deleterious. Maintaining the fine balance of optimal
iron availability in Arabidopsis requires the precise operation of iron import through the principal
iron transporter, IRON-REGULATED TRANSPORTER1 (IRT1). Targeted inhibition of IRT1 can be of
critical importance for prevention of oxidative stress and promoting plant survival. We report the
identification of an IRT1 inhibitor, the peripheral membrane protein ENHANCED BENDING1 (EHB1).
EHB1 interacts with the cytoplasmically-exposed variable region of IRT1. We show that this
interaction is greatly enhanced in the presence of calcium. Using a combination of lipid overlay and
liposome-binding assays, we show that EHB1 specifically binds certain phosphoinositides. Genetic
and physiological analysis shows that EHB1 acts as a negative regulator of iron acquisition. This is
achieved through a direct and specific inhibition of IRT1’s capacity to import iron into the cell. Our
finding represents a major step in understanding plant iron acquisition, a process which underlies the
primary production of bioavailable iron for land ecosystems.
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[P7] ARABIDOPSIS THALIANA ABC TRANSPORTERS AND THEIR INVOLVEMENT IN THE STRESS
RESPONSE TO POLYCYCLIC AROMATIC HYDROCARBON EXPOSURE
Daniel Acuna, Adán Colón-Carmona
University of Massachusetts, Boston, Biology, Boston, United States
Plant’s sessile nature demands an ample battery of mechanisms that are capable of responding to
different environmental cues. Polycyclic aromatic hydrocarbons (PAHs) are organic pollutants that
are widespread due to anthropogenic activity. These pollutants have been shown to negatively
impact human and plant health. Besides the plant-bacteria synergy in the biodegradation of
xenobiotic compounds, phytoremediation heavily relies on contaminant uptake from the soil for its
sequestration and/or degradation. Given the pollutant’s nature, PAH mobilization inside the plant
may require specialized transporters to sequester them in specialized compartments, such as the
vacuole. To further determine the involvement of transporters in the movement of PAHs within and
out of cells, microarray data from Arabidopsis thaliana was used to identify ATP binding cassette
(ABC) transporters genes whose expressions were up or down regulated when plants were exposed
to the model PAHs phenanthrene and naphthalene. Microarray analyses revealed that two ABC
transporters, ABCG17 and ABCG37, were up-regulated; whereas three ABC transporters, ABCG32,
ABCG35 and ABCG40, were down-regulated. Although previous studies have proposed the
involvement of ABC transporters in the sequestering of PAHs to the vacuole, direct links of the
transporters to the PAH stress response are not well understood. Consequently, we will discuss
preliminary results on the role of ABC transporters in the uptake and mobilization of PAHs in
Arabidopsis.
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[P8] METABOLITE RESPONSES OF ARABIDOPSIS THALIANA RCD1 TO PARAQUAT REFLECT HIGH
TOLERANCE TO CHLOROPLASTIC OXIDATIVE STRESS DUE TO ALTERED PRIMARY METABOLISM AND
ENHANCED ANTIOXIDANT DEFENSE
Nina Sipari1, Jenna Lihavainen1, Alexey Shapiguzov2, Jaakko Kangasjärvi2, Markku Keinänen3
1
Viikki Metabolomics Unit, University of Helsinki, Faculty of Biological and Environmental Sciences,
Helsinki, Finland
2
University of Helsinki, Faculty of Biological and Environmental Sciences, Helsinki, Finland
3
University of Eastern Finland, Department of Environmental and Biological Sciences, Helsinki,
Finland
The ozone-sensitive rcd1 (radical-induced cell death1) mutant of Arabidopsis thaliana is defect in the
containment of programmed cell death and its many phenotypes include altered hormonal signalling,
early senescence and high tolerance to paraquat. In plant cell, paraquat interrupts photosynthetic
electron transport chain (ETC) inducing the generation of ROS and depletion of NADPH. To study the
biochemical features and the mechanisms of paraquat tolerance of rcd1 we performed untargeted
metabolite profiling of Col-0 (wild type) and rcd1 plants in light, after prolonged darkness and after
paraquat treatment.
Primary and secondary metabolite profiles differed greatly between wild type and rcd1 plants. The
levels of several carbohydrates and amino acids as well as metabolites connected to nucleotide
metabolism and senescence were high in rcd1. Rcd1 accumulated 3-hydroxy-3-methylglutaric acid, a
marker for plant senescence and a typical indicator of mitochondrial dysfunction in animal studies.
Altered conversion of xanthine to urate and redox state of ascorbate and glutathione indicated redox
imbalance in rcd1. The metabolite responses to extended darkness were mainly similar, but the
responses to paraquat differed between the plant lines. Unlike wild type plants, rcd1 did not show
symptoms of oxidative stress in mitochondria and NADPH/NADH depletion in paraquat treatment.
However, the accumulation of 2-isopropylmalate, an indicator of oxidative stress in chloroplast,
suggested that paraquat reached its site of action in both lines. The levels of antioxidants
(tocopherols, glutathione) were initially higher in rcd1 than in wild type and their levels hardly
changed in response to paraquat. This indicates that the available scavenging mechanisms in rcd1
may be sufficient to avoid the negative effects of ROS under paraquat-induced oxidative stress.
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[P9] TRANSCRIPTIONAL READ-THROUGH OF THE LONG NON-CODING RNA SVALKA GOVERNS
PLANT COLD ACCLIMATION
Peter Kindgren, Ryan Ard, Maxim Ivanov, Sebastian Marquardt
Copenhagen Plant Science Centre, Plant and Environmental Sciences, Frederiksberg, Denmark
Most DNA in the genomes of higher organisms does not encode proteins, yet much is transcribed by
RNA polymerase II (RNAPII) into long non-coding RNA (lncRNA). The biological significance of most
lncRNA is largely unclear. Here, we identify a lncRNA (SVALKA) in a cold-sensitive region of the
Arabidopsis genome. Mutations in SVALKA affect the timing of maximal CBF1 expression and freezing
tolerance. RNAPII read-through transcription of SVALKA results in a cryptic lncRNA overlapping CBF1
on the antisense strand, termed asCBF1. asCBF1 transcription is anti-correlated with CBF1
expression. Our molecular dissection reveals that CBF1 is suppressed by RNAPII collision stemming
from the SVALKA-asCBF1 lncRNA cascade. The SVK-asCBF1 cascade provides a mechanism to tightly
control CBF1 expression and timing that could be exploited to maximize freezing tolerance with
mitigated fitness costs. Inversion of the transcriptional direction of a lncRNA cascade relative to the
genes in a co-regulated cluster provides an elegant inbuilt negative feedback for cluster expression.
Our results provide a compelling example of local gene regulation by lncRNA transcription having a
profound impact on the ability of plants to appropriately acclimate to suboptimal environmental
conditions.
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[P10] ROLE OF A MITOGEN ACTIVATED PROTEIN KINASE CASCADE MODULE, MKK3-MPK6-MYC2 IN
SALT STRESS IN ARABIDOPSIS
Deepanjali Verma1, Siddhi Kashinath Jalmi1, Alok Krishna Sinha1
1
National Institute of Plant Genome Research (NIPGR), Plant Signaling, Delhi, India
Salinity is one of the most serious factors limiting the productivity of agricultural crops with adverse
effects on germination, plant vigour and crop yield. High salt represents a water deficit or osmotic
stress because of decreased osmotic potential in the soil solution. Understanding the effects of
salinity on plants may lead to the development of specific salt- tolerant species. Involvement of
MAPKs in salt stress regulation is still elusive. Although there are some reports which have shown
involvement of MKK2-MPK6/MPK4 cascade which work downstream to MEKK1 under cold and salt
stress conditions. Here, we identify a MAPK cascade, MKK3–MPK6, which is activated by salt stress in
Arabidopsis. Initial transcript analysis and phosphorylation studies gave us a clue of the involvement
of MPK6 in regulation of salt stress. As MKK3 is already a known upstream kinase to MPK6 in MYC2
mediated blue light and Jasmonic acid signaling, we went further to investigate the involvement of
MKK3-MPK6-MYC2 cascade in salt stress. The germination assay was performed by using single and
double mutants of MKK3, MPK6 and MYC2. The double mutants mpk6myc2 and mkk3myc2 not only
showed better germination but also governed more tolerance than their respective single mutants
and wild type in response to salt stress. In-vitro phosphorylation studies also demonstrated the
involvement of MKK3 upstream to MPK6 in response to salt stress, which was further confirmed by
western blotting. Less reduction of root length in double mutants suggested that additional mutation
of myc2 reduced salt induced root growth inhibition of mkk3 and mpk6 and it also demonstrated that
MYC2 functions downstream of MKK3 and MPK6 to regulate salt stress induced inhibition of root
growth. Further transcript and biochemical studies also corroborated with the speculation and
suggested possible involvement of the cascade by integration in the regulation of proline
biosynthesis.
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[P11] RNA CHAPERONE FUNCTION OF UNIVERSAL STRESS PROTEIN (ATUSP) GIVES COLD STRESS
TOLERANCE IN ARABIDOPSIS THALIANA
Yong Hun Chi, Changyu Lee, Phan Thi Kieu Anh, Seong Dong Wi, Seol Ki Paeng, Sang Yeol Lee
Gyeongsang National University, Division of Applied Life Science (BK21+ Program), PMBBRC, Jinju,
Korea, Rep. of South
To identify the functional roles of universal stress protein in Arabidopsis, AtUSP, we investigated its
physiological responses against environmental stresses by using the T-DNA inserted knock-out
(atusp) and its overexpression (AtUSP-OE) lines. From the experiments, we found that, in contrast to
atusp, AtUSP-OE lines gave an enhanced tolerance to plants against cold-stress. Since we found that
AtUSP is distributed both in nucleus and cytoplasm and cold-stress significantly affects RNA
metabolism, we investigated its RNA metabolism-related functions. From the study, we found that
AtUSP can bind nucleic acids including single/double stranded-DNA and luciferase mRNA analyzed in
agarose gels. And the protein showed a strong nucleic acid-melting activity. Also, expression of AtUSP
in RL211 E. coli containing a hairpin-loop structured RNA at the upstream of chloramphenicol
acetyltransferase (CAT) gene exhibited an anti-termination activity for CAT gene expression.
Furthermore, expression of AtUSP in cold-sensitive E. coli mutant (BX04) complemented the cold
sensitivity of the mutant cells. Since these properties are typical characteristics of RNA chaperones, it
can be concluded that AtUSP functions as a RNA chaperone in clod shock conditions. Thus, the
enhanced tolerance of Arabidopsis to cold-shock is mediated by the RNA chaperone function of
AtUSP.
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[P12] HY5 SUPPRESSES THE UNFOLDED PROTEIN RESPONSE IN ARABIDOPSIS
Seoung Woo Ryu, Eun Seon Lee, Joung Hun Park, Phan Thi Kieu Anh, Chang Ho Kang, Sang Yeol Lee
Gyeongsang National University, Jinju, Korea, Rep. of South
Light is crucial for plant growth and development. Convergence of light signaling with diverse stress
response helps plants keep healthy in ever changing environmental conditions. Various biotic and
abiotic stresses affect the endoplasmic reticulum (ER) protein folding capacity, thus trigger ER stress
in plants. Subsequently, the unfolded protein response (UPR), in which a set of molecular chaperones
is expressed, is initiated in the ER to attenuate this stress. The activation of UPR helps to recover ER
homeostasis by inducing the level of protein-folding chaperones such as binding protein (BiP3),
calreticulin (CRT), and protein disulfide isomerase (PDI). Although its underlying molecular
mechanism remains unknown, light is believed to be required for the ER stress response. In this
study, we demonstrate that light intensity enhances ER stress sensitivity in plant. Moreover,
mutation of the ELONGATED HYPOCOTYL 5 (HY5) imparts ER stress tolerance which correlates with
the higher expression of UPR genes in mutant plant lines. HY5 competes with basic leucine zipper 28
(bZIP28) to bind to the G-box–like element present in the ER stress response element (ERSE) and
suppress the expression of UPR genes. Under ER stress conditions, HY5 is regulated at protein level
via 26S proteasome degradation system. Taken together, we propose a molecular mechanism of
integration of the UPR and light signaling, mediated by HY5, which positively mediates light signaling,
but negatively regulates UPR gene expression
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[P13] A REGULATOR OF SEED DORMANCY, 1-CYS PEROXIREDOXIN HAS OXIDATION-DEPENDENT
FUNCTIONAL SWITCHING FROM A PEROXIDASE TO A MOLECULAR CHAPERONE
Changyu Lee1, Yong Hun Chi2, Bae Su Bin2, Seong Dong Wi2, Sang Yeol Lee2
1
Gyeongsang National University, Division of Applied Life Science (BK21 Plus), Jinju, Korea, Rep. of
South
2
Gyeongsang National University, Jinju, Korea, Rep. of South
Peroxiredoxins are antioxidative enzymes that catalyze the reduction of alkyl hydroperoxides to
alcohols and hydrogen peroxide to water. 1-Cys peroxiredoxins (1-Cys Prxs) perform important roles
during late seed development in plants. To characterize their biochemical functions in plants, a 1CysPrx gene was cloned from a Chinese cabbage cDNA library and designated as “C1C-Prx”. Glutamine
synthetase (GS) protection and hydrogen peroxide reduction assays indicated that C1C-Prx was
functionally active as a peroxidase. Also C1C-Prx prevented the thermal- or chemical-induced
aggregation of malate dehydrogenase and insulin. Hydrogen peroxide treatment changed the
mobility of C1C-Prx on a two-dimensional gel, which implies overoxidation of the conserved Cys
residue. Furthermore, after overoxidation, the chaperone activity of C1C-Prx increased
approximately two-fold, but its peroxidase activity decreased to the basal level of the reaction
mixture without enzyme. However, according to the structural analysis using far-UV circular
dichroism spectra, intrinsic tryptophan fluorescence spectra, and native-PAGE, overoxidation did not
lead to a conformational change in C1C-Prx. Therefore, our results suggest that 1-Cys Prxs function
not only to relieve oxidative stresses but also as molecular chaperones under severe conditions
during seed germination and plant development, and that overoxidation controls the functional
switching of 1-Cys-Prxs from peroxidases to molecular chaperones.
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[P14] UNIVERSAL STRESS PROTEIN ENHANCES PLANT TOLERANCE UNDER HEAT SHOCK AND
OXIDATIVE STRESS THROUGH THE REDOX-DEPENDENT CHAPERONE IN ARABIDOPSIS
Eun Seon Lee, Joung Hun Park, Seong Dong Wi, Sung sun Koo, Seol Ki Paeng, Sang Yeol Lee
Gyeongsang National University, Division of applied Life Science, Jinju, Korea, Rep. of South
Biochemical and molecular functions of Universal Stress Proteins (USPs) remain unidentified, though
a physiological functions of USPs is elucidated in many organisms from prokaryotes to eukaryotes.
Therefore the novel biochemical function of AtUSP (At3g53990) in Arabidopsis thaliana was
investigated in this study. AtUSP over-expressing plants showed a tolerant phenotype under the heat
shock and oxidative stress such as hydrogen peroxide (H2O2), compared with wild-type and atusp
knock-out plants. Phenotypic results confirm the crucial role of AtUSP in stress tolerance. AtUSP
protein was present in a low molecular weight (LMW) including monomers, dimers and trimers, and
high molecular weight (HMW) oligomeric complexes. Interestingly, the structure of AtUSP switched
from LMW species to HMW complexes in response to external stresses such as heat shock and
oxidative stress. Chaperone activity of AtUSP was significantly increased by heat shock and critically
regulated by the redox status and accompanied by structural switches of the protein. Overexpression of AtUSP enhanced a tolerance to heat shock and oxidative stress through redoxdependent chaperone activity accompanied by a structural switch from LMW to HMW.
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[P15] ARABIDOPSIS RIBOSOMAL P3 PROTEIN, ATP3B, PERFORMS AS BOTH PROTEIN AND RNA
CHAPERONE TO HIGH AND LOW TEMPERATURE CONDITIONS
Joung Hun Park, Eun Seon Lee, Seoung Woo Ryu, Yong Hun Chi, Chang Ho Kang, Sang Yeol Lee
Gyeongsang National University, Jinju, Korea, Rep. of South
The P3 proteins are plant-specific ribosomal P-proteins. To screen the heat-stable high-molecular
weight (HMW) complexes, we treated heat shock to Arabidopsis suspension cells and isolated
the AtP3B protein. When Fractions isolated by size exclusion chromatography (SEC) was
immunoblotted with SDS- and native- PAGE, we showed that AtP3B was present and stable as HMW
complex under high temperature condition. In addition, transcriptional level of AtP3B increases not
only at high temperatures but also at low temperatures. Recombinant AtP3B protein isolated in E.
coli showed both protein and RNA chaperone activity. Overexpression of AtP3B plants enhanced
tolerance to high- and low-temperature condition, on the other hand, knockdown plants of AtP3B by
RNA interference (RNAi) indicated sensitive phonotype to high- and low-temperature condition. In
conclusion, our results suggest that AtP3B proteins acts as protein and RNA chaperone at high- and
low- temperature conditions. These findings suggest novel molecular functions and in vivo roles of
acidic ribosomal P-proteins, thereby widen our knowledge of the protein production machinery.
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[P16] SALT HYPERSENSITIVE MUTANT 9, A NUCLEOLAR APUM23 PROTEIN, IS ESSENTIAL FOR SALT
SENSITIVITY IN ASSOCIATION WITH THE ABA SIGNALING PATHWAY IN ARABIDOPSIS
Wei-Chih Lin, Wan-Hsing Cheng
Academia Sinica, Plant and Microbial Biology, Taipei, Taiwan
Salt stress is one of the major abiotic stresses, which hampers plant growth, development, and
productivity. To better understand the regulatory mechanisms by which plants cope with salt stress,
we used genetic approaches to identify salt hypersensitive mutant 9 (sahy9), a new allele of apum23,
in Arabidopsis thaliana. The seedlings of sahy9/apum23 mutant displayed postgermination arrest
and then became bleached after prolonged culture under various salt stressors. It has been known
that APUM23 plays important roles in pre-rRNA processing and plant growth. However, the
regulatory mechanism by which the nucleolar APUM23 mediates salt response in plants is still
unknown. Transcriptomic and proteomic analyses of salt-treated sahy9/apum23 and wild-type
seedlings revealed differential expression of genes/proteins involves ABA biosynthesis and signalling,
abiotic stress responses, and ribosome biogenesis-related genes. Importantly, NCED3, ABI2, PP2CA,
and major ABA-responsive marker genes, such as RD20 and RD29B, were down-regulated at both the
transcript and protein levels in conjunction with lower contents of ABA and changes in the
expression of a subset of LEA proteins in sahy9/apum23 mutants under salt stress. Moreover, the
salt hypersensitivity of sahy9/apum23 was largely rescued by the exogenous application of ABA.
Collectively, these data suggest that the SAHY9/APUM23-mediated salt response is associated with
the ABA signaling pathway and its downstream stress responsive network.
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[P17] A ZEITLUPE-MEDIATED PROTEIN QUALITY CONTROL SYSTEM CONFERS THERMOSTABILITY ON
THE CIRCADIAN CLOCK IN ARABIDOPSIS
Kyung-Eun Gil, Jun-Ho Ha, Chung-Mo Park
Seoul National University, Department of Chemistry, Seoul, Korea, Rep. of South
Cellular proteins undergo denaturation and oxidative damages under heat stress, forming insoluble
aggregates that are toxic to cells. Plants possess versatile mechanisms by which denatured proteins
are either renatured or degraded through ubiquitin-proteasome pathways. Heat shock proteins
(HSPs) act as molecular chaperones that assist the renaturation and degradation processes.
However, how protein aggregates are cleared from plant cells is largely unknown. Here, we
demonstrated that heat-induced protein aggregates are removed by a protein quality control system
that includes the ZEITLUPE (ZTL) ubiquitin ligase, a component of the central oscillator in Arabidopsis.
ZTL-defective mutant exhibited reduced thermotolerance, which accompanies decline of
polyubiquitination but accumulation of protein aggregates. ZTL and its interacting partner HSP90
were cofractionated mainly with insoluble aggregates in heat-treated plants. Notably, the circadian
clock function was hypersensitive to heat in the mutant. We propose that the ZTL-mediated protein
quality control contributes to sustaining the thermostability of the clock.
(Abstract has been presented before)
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[P18] TWO AP2/ERF1-B TRANSCRIPTION FACTORS MODULATE THE COLD STRESS RESPONSE
Andreas Prescher1, Tobias Lortzing2, Anke Steppuhn2, Margarete Baier1
1
FU Berlin, Plant Physiology, Berlin, Germany
2
FU Berlin, Molecular Ecology, Berlin, Germany
Cold stress has various adverse effects on plant cells ranging from rigidified cell membranes and
reduced water and nutrient uptake to elevated electron pressure in the chloroplast electron
transport chain leading to an increased production of ROS (reactive oxygen species). Appropriate
responses need to be induced to withstand these conditions. These responses involve, among many
others, the increased production of ROS scavenging enzymes and enzymes modifying cell membrane
composition and stability.
We have identified two AP2/ERFI-b (APETALA2/ETHYLENE RESPONSE FACTORS) transcription factors
that modulate the expression of various cold regulated genes, including plastid APXs (ascorbate
peroxidases) in Arabidopsis thaliana. An RNAseq based transcriptome analysis comparing T-DNA
insertion lines of these two transcription factors with the wild type (Col-0) was conducted to
investigate their role in the regulation of the cold response and their function in cold priming. Our
results indicate functions in the regulation and cross talk within the JA (jasmonic acid) and ET
(ethylene) network. Upon cold treatment, wild type plants respond with a typical MYC2 (basic helixloop-helix transcription factor) dependent JA response. Contrary, one knock-out line shows a
combined JA and ET response with induction of transcription factors MYC2 and ERF1&59 (Ethylene
responsive factors 1 and 59) and their downstream targets. These two pathways usually inhibit each
other but are active in parallel in the knock-out line which indicates failed cross-talk between the JA
(MYC2) and JA-ET (ERF1&59) pathways.

Yes

151

[P19] COMPARING ABIOTIC CIS- AND TRANS- PRIMING IN ARABIDOPSIS THALIANA
Andras Bittner1, Bela Berking1, Jörn van Buer1, Tobias Lortzing2, Anke Steppuhn2, Margarete Baier1
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2
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Environmental conditions, such as light and temperature, fluctuate on a seasonal and daily basis. This
favors plants that are able to store and retrieve information of the past to prepare for re-occurring
stresses, a process which is defined as priming. We propose that the chloroplast antioxidant system
acts as a priming hub in abiotic stress signaling. The regulation of thylakoid bound ascorbate
peroxidase expression was identified as a memory component based on two cold phases (cis priming) separated by 5 days of recovery (van Buer et al., 2016).
Here we present the comparison of cold cis-priming and cold - high light priming combinations (trans
- priming) to reveal the specificity of the chloroplast antioxidant system during abiotic stress priming
in Arabidopsis thaliana. RNA-sequencing based transcriptome analysis and real-time transcript
analysis show that the previously described cold priming response is specific for cold cis- priming and
not induced in trans- priming after 5 days of recovery. The analysis demonstrated that cold-priming
alters the expression of a group of pathogenesis-related genes and light-induced heat shock proteins
during high light stress. Hormone contents, transcript abundances and photosynthetic parameters
were analyzed to reveal the mechanistics behind high light responses altered by cold priming.
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[P20] DETERMINING DOG1 PROTEIN FUNCTION IN RESPONSE TO DROUGHT
Aleksandra Kmera1, Ewa Krzywińska1, Arkadiusz Ciesielski1 2, Ruslan Yatusevich1, Szymon Świeżewski1
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Delay of germination 1 (DOG1) is a major quantitative trait locus (QTL) for seed dormancy in
Arabidopsis thaliana. Dormancy is an ability of the seed to prevent germination even under
favourable environmental conditions. Seeds of DOG1 mutants are unable to enter the dormant stage
and germinate immediately. However, how the DOG1 protein controls seed dormancy remains
unclear. Experimental data obtained in our group, and by others (Née, 2017), proves that DOG1 in
vivo interacts directly with a range of clade A protein phosphatases 2C (PP2C). Recently, we
described a novel unexpected role of DOG1 gene in response to drought in mature plants, which is
distinct from its function in seed dormancy regulation. Loss of DOG1 expression causes enhanced
drought sensitivity, while high-level DOG1 expression confers increased drought tolerance
(Yatusevich, 2017). This suggests that DOG1 protein may serve a conserved protective function
against water deficit both in seeds and in mature plants. The aim of my project is to unravel the
conserved molecular mechanism of action of DOG1 protein in response to drought stress in mature
plants and in dormancy establishment in seeds. My aim is to identify DOG1 protein interactors,
characterise it biochemical activity as well as a comprehensive description of phenotypic changes.
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[P21] DYNAMICS OF INTRACELLULAR SUGAR PARTITIONING AND ROLE OF SUGARS FOR PLANT
COLD TOLERANCE
Isabel Keller1, Cristina Martins Rodrigues1, Azkia Khan1, Wolfgang Zierer2, Benjamin Pommerrenig1, H.
Ekkehard Neuhaus1
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We are analysing the effect of altered intracellular sugar compartmentation on the plant cold
tolerance. Cold stress is a severe and still rising problem for increased agricultural demands,
especially under a changing world climate where unforeseen sudden temperature changes cause
major yield loss of crops due to damages of the vegetative or generative tissues. Therefore, it is of
high agricultural importance to understand a plants behaviour upon onset of cold stress and during
cold acclimation periods for identifying suitable targets for SMART breeding or GMO approaches that
aim at the generation of crops with higher cold tolerance. The major protective mechanism of higher
plants against low temperatures is the accumulation of compatible solutes, especially soluble sugars.
High sugar levels do not only have membrane protective properties and prevent plant cells from
freezing; they also interact with sugar signalling and plant stress pathways and, therefore, have a role
regulating metabolic plant responses. For the freeze-protective efficiency of sugars and their
interaction with stress pathways, both the tissue-specific and the subcellular distribution of different
sugar species are highly relevant. Here we used Arabidopsis thaliana mutant plants with altered
subcellular sugar transport activities as tools to dissect the contribution of different sugar species in a
specific cellular compartment (cytosol, vacuole, and plastid) for the cold response. Until now, we
recorded subcellular localization of various tonoplast localized (TSTs, ERDLs, SUCs) or plastid localized
(MEX, VGT) sugar transport proteins and electrolyte leakage and solute accumulation data from
respective knock out and / or overexpressor plants. First results state, that an altered sugar
composition of the vacuolar lumen, especially when containing higher amounts of glucose, results in
a cryoprotective effect.
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[P22] ANNEXIN 1-4 EXPRESSION IS AFFECTED BY THE OXIDOREDUCTIVE STATE OF THE CELL
Julia Rachowka1, Kacper Mańk2, Dorota Konopka-Postupolska1
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Annexins are cytoplasmic proteins involved in calcium signaling. Calcium ions confer to annexins the
ability to interact with the plasma membrane and other intracellular membranes. Some reports say
that annexins can even bind to outer chloroplast membrane. Annexins overexpression in plants
improves their tolerance to adverse environmental conditions by the modulation of chlorophyll
content, reactive oxygen species (ROS) scavenging and stress-responsive hormone abscisic acid
biosynthesis. Yet, little is known about the regulation of annexin expression in plants.
ROS are important secondary messengers in many growth and development processes. The balance
between processes of ROS generation and scavenging is necessary for the integration of cellular
physiology. Both temporary and permanent changes in the cell redox homeostasis results in
reprogramming of gene expression.
Here we show that stress triggered by high-light and hydrogen peroxide up-regulates the expression
of four annexins (ANN1-ANN4) that are present normally in vegetative tissues of Arabidopsis
thaliana. Moreover, in knock-out mutants of ANN1, the expression of ANN2-ANN4 is up-regulated,
which suggests the functional compensation between annexins. Additionally, for the first time we
show that light is the major regulator of annexin 1 expression, which is consistent with the presence
of characteristic motifs in its promoter region. Interestingly, in vtc1 mutants, which are deficient in
ascorbate biosynthesis, the expression of annexins is reduced. The vtc1 mutant shows the
redistribution of the intracellular antioxidative system in favor of the cytosol, where annexins are
present in non-stress conditions. These data together strongly suggests that the oxidoreductive state
of the cell regulates the expression of annexins 1-4.
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[P23] GENIC RESPONSE TO STRESSES ASSOCIATED WITH CLIMATE CHANGE IN BARLEY
Maitry Paul1, Marko Jääskeläinen2, Wei Chang2, Alan H Schulman2
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Global climate change has already had observable effects on the environment. Finland will see both
warmer and wetter weather and spring (pre-flowering) droughts due to lack of snow accumulation,
which will subject crops to stress from both too much and too little water, as well as heat. The
sequencing of the barley genome and its analysis, revealed that retrotransposons comprise 75% of
the genome and are the main source of genome expansion and reorganization in higher plants. They
are transposable elements that replicate by converting their transcribed RNA genome into cDNA,
which is then integrated back into the genome. The life cycle closely matches that of animal
retroviruses, which evolved from retrotransposons, and comprises phases of transcription,
translation, reverse transcription, and integration. Although often viewed as molecular parasites,
retrotransposons have been shown to influence neighboring gene expression and play a structural
and potential regulatory role in the centromere. Read-through from retrotransposon promoters is
known to strongly affect the expression of adjacent genes and drive genome evolution in response to
heat and drought stress, as well as irradiation. Stress may, therefore, lead to retrotransposon
replication and influence genic response to stress.
Perhaps the best-developed model system in which to study retrotransposon replication in plants is
the BARE family of elements in the barley genome. BARE is both abundant, replicationally active,
stress-activated and forms 15% of the barley genome. We have a set of transgenic lines containing
BARE LTR deletions that are grown under heat stress conditions. Transcriptomic analysis of different
transgenic lines and transient expression essays in barley protoplast are used to identify the role of
different LTR (long terminal repeat) regions in controlling expression. Expression of native BARE
elements is also checked simultaneously in the above condition. We found that BARE
retrotransposon activates in response to heat stress.
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[P24] SPECIFICITY OF ROS SIGNALLING IN GUARD CELLS
Deirdre McLachlan1, Dominique Arnaud2, Michael Deeks2, Nicholas Smirnoff2, Alistair Hetherington1
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Generation of ROS (reactive oxygen species) is an important part of the signal transduction chain for
guard cell responses to abiotic and biotic stresses. NADPH oxidases, of which there are 10 in
Arabidopsis, are responsible for much of this ROS generation. To date, only two of these, RBOHD and
RBOHF, have been implicated in signalling stomatal closure. The full extent of the specificity and
redundancy of these two RBOHs has yet to be determined, for instance RBOHD appears to be solely
involved in pathogen-induced stomatal closure while ABA-induced stomatal closure appears to be
largely mediated by RBOHF, but with some contribution from RBOHD. We have investigated
inhibition of stomatal opening, in response to a range of treatments, in various Arabidopsis mutants.
Additionally, we have characterised these responses further by using roGFP2-Orp1 to investigate the
dynamics of H2O2 changes in real time. This allows differing spatiotemporal dynamics associated with
specific stimuli to be elucidated. We have found stimulus specific ROS signatures at subcellular
locations. Together, these data contribute to building a fuller picture of how specificity is achieved in
ROS signalling and how signals are integrated to allow optimum control of stomatal aperture.
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[P25] THE RIBOSOMAL PROTEIN RPS17D GENE IS INVOLVED IN THE IRON DEFICIENCY RESPONSES
IN ARABIDOPSIS THALIANA
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Ribosomal proteins (RPs) are indispensable in protein synthesis, and considered as the ‘housekeeping
genes’. Yet, more studies showed that some RPs have regulatory roles. In our previous study, all
three genes, RPS17A, RPS17B and RPS17D from RPS17 family, were significantly down regulated in
Arabidopsis roots under Fe deficiency. Here, the RPS17D gene under iron deficiency was further
explored.
The RPS17D was one of the four members of RPS17 family, sharing high amino acid identities with
the other three ones (87-99%). Nevertheless, the 5’ regulatory regions of these genes only shared 5190% nucleotide sequence identity. The transcript abundances of RPS17D were always the highest
among the four genes in the all detected tissues (cauline leaf > flower > root > seedling > silique >
stem > rosette leaf). The color of the newly expanded leaves of the rps17d was yellower than wild
type plants under Fe deficiency, which was consistent with the significantly decreased SPAD value in
the mutant. However, the total Fe content didn’t show significant difference in the shoots between
mutant and wild type plants under Fe deficiency, although it was higher in the mutant roots.
Furthermore, mutation of RPS17D led to the downregulated expression of NAS1 (NICOTIANAMINE
SYNTHASE1) and YSL2 (YELLOW STRIPE-LIKE), two genes related to the long-distance transport of Fe,
after 7 days iron deficiency treatment, which probably partly contributed to the yellower color of the
newly expanded leaves. Together, compared to wild type plants, the rps17d mutant showed
increased sensitivity in response to iron deficiency, indicating some RPs might possess dual functions,
translation and regulation.
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[P26] OVER-EXPRESSION OF RHR1 ENHANCES ROOT HAIR ELONGATION UNDER PHOSPHATE
DEFICIENCY IN ARABIDOPSIS
Xue Caiwen1, Jie xue Huang1, Ping Lan1
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Phosphate (Pi) is an essential but limited macro-nutrient for plants due to its poor mobility in soil.
Cropgrowth and productivity are severely impaired by Pi deficiency. To cope with Pi shortage, plants
have evolved various adaptations, including the increased density and enhanced elongation of root
hair. RHR1 (Root Hair Related 1), a cell-wall associated receptor kinase, has been reported to be a
modulator of Arabidopsis root hair growth. While whether it is involved in the phosphate starvation
induced root hair elongation and its responses to different abiotic stresses remain to be investigated.
In this research, we interrogated functions of RHR1 under Pi starvation by constructing overexpressed transgenic lines driven by CaMV 35S promoter and extended the understanding of its
responses to several abiotic stresses. Results revealed that under phosphate deprivation (0 μM Pi)
the over-expression (OE) lines showed significantly longer root hairs compared to wild type plants,
and this difference became more remarkable with the prolongation of the phosphate deprivation
treatment. Consistent with root hair elongation, the expression levels of RERs (root-hair elongationrelated-genes) in the OE lines were notably higher than wild type plants, while expression levels of
PSIs (phosphate-starvation-induced-genes) showed the opposite responses. Moreover the ROS
activity which is necessary for the root hair growth was higher in the OE lines compared to wild type
plants. In addition, besides the phosphate, RHR1 was also induced by nitrogen and iron deficiency.
Taken together, RHR1 is involved in the modulation of phosphate starvation induced root hair
growth by activating RERs expressions and enhancing ROS activity, as well it might participate in the
negative feed back to phosphate deficiency responses. Meanwhile, RHR1 could be a potential
regulation node of the root hair growth under phosphate, nitrogen and iron starvation.
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[P27] FUCTIONAL CHARACTERIZATION OF AROBIDOPSIS PHL4 IN PLANT REPONSE TO PHOSPHATE
STARVATION
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1
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Plants have evolved an array of adaptive responses to cope with phosphate (Pi) starvation in their
growth environment. These responses, to a large extent, are controlled at the transcriptional level. In
Arabidopsis, PHR1, a member of the MYB-CC transcription factor family is regarded as a key
component of the central regulatory system controlling plant transcriptional responses to Pi
starvation. Its homologs in the MYB-CC family, PHL1 (PHR1-LIKE 1), PHL2, and perhaps also PHL3, act
redundantly with PHR1 to regulate plant Pi starvation responses. The functions of PHR1’s closest
homolog in this family, PHL4, however, have not been characterized yet due to the lack of its
corresponding mutant.
In this work, we generated two phl4 null mutants using CRISPR/Cas9 technique and investigated the
functions of PHL4 in plant responses to Pi starvation. The results indicated that the major
developmental, physiological, and molecular responses of the phl4 mutants to Pi starvation did not
significantly differ from the wild type. By comparing the phenotypes of phr1 single mutant and
phr1phl1 and phr1phll4 double mutants, we found that PHL4 also acts redundantly with PHR1 to
regulate plant Pi responses, but its functions are not as strong as PHL1. Furthermore, we found that
the overexpression of PHL4 suppresses plant development under both Pi sufficiency and deficiency
conditions. Taken together, we conclude that PHL4 plays only a minor role in the regulation of plant
responses to Pi starvation and is a negative regulator of plant development.

Yes

160

[P28] STRUCTURE-FUNCTION RELATIONSHIPS OF NHX ANTIPORTERS OF ARABIDOPSIS THALIANA
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The tonoplast-localized K+,Na+/H+ exchangers NHX1 and NHX2 of Arabidopsis mediate the
accumulation of K+ into the vacuole of cells, thereby increasing the osmotic potential, water uptake
and the turgor pressure necessary for cell expansion and growth, as well as for regulation of vacuolar
pH. However, little is known about how Arabidopsis thaliana NHX activity is regulated by intrinsic
structural features and by ancillary cytosolic factors. We conducted phylogenetic analysis and
computational modeling of the NHX1 protein that allowed us to identify essential structural domains
and amino acid residues putatively involved in ion transport, cation coordination, and pH sensing of
NHX1. Point-mutation alleles of these relevant residues were generated, and their impact on the
biochemical activity and pH dependence of NHX1 by functionality tests in yeast and in vitro ion
transport assays was studied. Computational and biochemical analyses also suggested the presence
of a calmodulin-binding domain comprising two α-helices at the C-termini of NHX1 and NHX2. We
demonstrated the importance of the putative calmodulin-binding domain in NHX1 activity by
functional analyses in S. cerevisiae, as well as the interaction of NHX1 with CalModulin-Like18
(CML18) by BiFC and Y2H. Our results evidence the fine-tuning of NHX1 and/or NHX2 activity in
response to developmental and environmental cues. In addition, we expect to unravel the
biochemical mechanisms for pH sensing and regulation of these critical K+ transporters of
Arabidopsis.
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A plant hormone abscisic acid (ABA) plays critical roles in response to drought stress in various ways;
gene induction, stomatal closure, morphological changes, senescence, and so on. Accumulation of
ABA under drought stress conditions is induced by gene induction of an NINE-CIS-EPOXYCAROTENOID
DIOXYGENASE 3 (NCED3) gene that encodes a key enzyme of ABA biosynthesis during drought stress.
The nced3 knockout mutant shows no accumulation of ABA during drought stress and drastically
reduced drought stress tolerance. However, detailed molecular mechanisms in which the NCED3
gene is activated in early response to drought stress are largely unknown.
We screened an Arabidopsis seed library expressing repression domain (SRDX)-fused transcription
factors to identify novel transcription regulators of the NCED3 gene during drought stress, and some
lines were identified which showed a sucrose-insensitive phenotype during germination (SISR;
Sucrose Insensitive lines expressing SRDX-fused transcription factors) like ABA-biosynthetic mutants.
Among them, SISR1-SRDX-overexpressing plants showed reduced drought stress tolerance with
suppressed gene induction of NCED3 under drought stress conditions. Transactivation assays using
Arabidopsis mesophyll protoplasts showed that transfection of the wild-type forms of SISR1 and its
family protein SISR1-like (SISR1L) activated the NCED3 promoter, and suggested that these proteins
should function as activators of the NCED3 gene. Moreover, electrophoretic mobility shift assays
(EMSAs) indicated that the SISR1 and SISR1L proteins directly bound to the NCED3 promoter in vitro.
Transgenic plants harboring β-glucuronidase (GUS) gene driven by the SISR1 and SISR1L promoters
suggested that the SISR1 and SISR1L were expressed in whole leaves and vascular tissues in shoots,
respectively. Now, we are analyzing the drought stress tolerance and expression levels of the NCED3
gene in knockout mutants of SISR1 and SISR1L.
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[P30] FORGETTER3 MEDIATES SOMATIC HEAT STRESS MEMORY IN ARABIDOPSIS
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Moderate heat stress primes a plant to acquire thermotolerance, which allows subsequent survival
of more severe heat stress conditions. Acquired thermotolerance is actively maintained over several
days (heat stress memory) and involves the sustained induction of a set of genes including HEAT
STRESS ASSOCIATED 32-kD PROTEIN (HSA32)1,2 during this phase. Taking advantage of a HSA32LUCIFERASE reporter line3, we identified forgetter3 (fgt3) as a mutant that is defective in the
maintenance of high HSA32::LUC expression levels. FGT3 codes for a member of the HEAT SHOCK
TRANSCRIPTION FACTOR (HSF) family and fgt3 mutants are specifically impaired in the physiological
heat stress memory, but not the initial acquisition of thermotolerance. Expression of FGT3 is induced
after heat stress. FGT3 mediates the sustained induction of HSA32 and other memory genes that
have similar expression patterns and this is likely caused by direct activation as FGT3 binds to
promoter elements of these genes. The HSF transcription factor HSFA2 was previously implicated in
heat stress memory4,5. HSFA2 mediates the deposition of histone H3 lysine 4 methylation and this
correlates with transcriptional memory at these loci. Interestingly, both HSFs do not display
functional redundancy and we will present data characterizing their complex interactions at the
genetic and molecular level. In summary, our work aims to unravel the molecular mechanism
underlying a model case of somatic stress memory and the involvement of chromatin modifications
in this process. Ultimately, understanding priming in response to heat stress will help to engineer
crop plants that are more resilient to increasing temperatures.
1: Charng et al., Plant Physiology 2006
2: Lämke and Bäurle, Genome Biology 2017
3: Brzezinka et al., eLife 2016
4: Lämke et al., EMBO 2016
5: Charng et al., Plant Physiology 2007
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[P31] REDOX AND HEAT-SHOCK DEPENDENT FUNCTIONAL SWITCHING OF A THIOREDOXIN
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We found that Arabidopsis NTRC, a heat-stable and plant-specific thioredoxin reductase protein,
exhibits multiple functions, acting as a disulfide reductase, foldase chaperone, and holdase
chaperone. Here we show overexpression of NTRC in Arabidopsis resulting in enhanced tolerance to
heat shock, whereas NTRC knockout mutant plants exhibit a temperature sensitive phenotype. To
investigate the underlying mechanism of this phenotype, we analyzed the protein's biochemical
properties and protein structure. NTRC assembles into homopolymeric structures of varying
complexity with functions as a disulfide reductase, a foldase chaperone, and as a holdase chaperone.
The multiple functions of NTRC are closely correlated with protein structure. Complexes of higher
molecular weight (HMW) showed stronger activity as a holdase chaperone, while low molecular
weight (LMW) species exhibited weaker holdase chaperone activity but stronger disulfide reductase
and foldase chaperone activities. Heat shock converted LMW proteins into HMW complexes. The
results suggest that the heat shock-mediated holdase chaperone function of NTRC is responsible for
the increased thermotolerance of Arabidopsis and the activity is significantly supported by NADPH.
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BAG (Bcl-2 athanogene) proteins are conserved in many eukaryotes and they have been suggested to
play an essential role in plant cell program cell death (PCD). Seven homologs of the BAG gene have
been identified in the Arabidopsis genome with the help of advanced bioinformatics tools during the
past decade; These genes are involved in pathogenic attack and abiotic stress conditions. In this
study, gene expression of members of the Arabidopsis BAG family under environmental stress was
analyzed using Botany Array Resource (BAR) expression browser tool, and in silico data was partially
confirmed by qRT-PCR analysis of selected stress- and hormone- treatment conditions related to
Environmental stress. Especially, induction of AtBAG6 gene by heat shock was confirmed by using
GUS reporter lines. The loss of the AtBAG6 gene has impaired plant basal resistance and increased
cell death in response to heat stress. To elucidate the regulatory mechanisms of BAG genes, we
analyzed ∼1-kbp promoter regions for the presence of stress-responsive elements. Finally our
profiling results revealed that the Arabidopsis BAG gene responds differentially to environmental
stresses under the control of specifically organized upstream of regulatory elements.
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Synechocystis salt-responsive gene 1 (sysr1) was engineered for expression in higher plants, and gene
construction was stably incorporated into tobacco plants. We investigated the role of Sysr1 [a
member of the alcohol dehydrogenase (ADH) superfamily] by examining the salt tolerance of sysr1overexpressing (sysr1-OX) tobacco plants using quantitative real-time polymerase chain reactions, gas
chromatography, mass spectrometry, and bioassays. The sysr1-OX plants exhibited considerably
increased ADH activity and tolerance to salt stress conditions. Additionally, the expression levels of
several stress-responsive genes were upregulated. Moreover, airborne signals from salt-stressed
sysr1-OX plants triggered salinity tolerance in neighboring wild-type (WT) plants. Therefore, Sysr1
enhanced the interconversion of aldehydes to alcohols, and this occurrence might affect the quality
of green leaf volatiles (GLVs) in sysr1-OX plants. Actually, the Z-3-hexenol level was approximately
twofold higher in sysr1-OX plants than in WT plants within 1–2 h of wounding. Furthermore, analyses
of WT plants treated with vaporized GLVs indicated that Z-3-hexenol was a stronger inducer of stressrelated gene expression and salt tolerance than E-2-hexenal. The results of the study suggested that
increased C6 alcohol (Z-3-hexenol) induced the expression of resistance genes, thereby enhancing
salt tolerance of transgenic plants. Our results revealed a role for ADH in salinity stress responses,
and the results provided a genetic engineering strategy that could improve the salt tolerance of
crops.
This study was published in Frontiers in plant science (November 2017 Volume 8 Article 1965).
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[P34] THERMO-TOLERANCE IN SACCHAROMYCES CEREVISIAE LED BY STRESS-INDUCED
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Guanosine triphosphatases (GTPases) work as biomolecular mediator during signal transduction
pathways that enable cells to respond to extracellular stimuli. Endoplasmic reticulum-to-Golgi
trafficking is madiated by Saccharomyces cerevisiae yeast protein two 1 protein (Ypt1p) is a
monomeric small GTPase. By size-exclusion chromatography, SDS-PAGE, and native PAGE, followed
by immunoblot analysis with an anti-Ypt1p antibody, we found that Ypt1p structurally shifted after
heat shock treatment. from low-molecular-weight (LMW) forms to high-molecular-weight (HMW)
complexes. Based on our results, Ypt1p showed dual functions both as a GTPase and a molecular
chaperone, and furthermore, heat shock induced a functional switch from that of a GTPase to a
molecular chaperone driven by the structural change from LMW to HMW forms. Subsequently, we
found, by using a galactose-inducible expression system, that conditional overexpression of YPT1 in
yeast cells enhanced the thermotolerance of cells by increasing the survival rate at 55°C by ∼60%,
compared with the control cells expressing YPT1 in the wild-type level. Altogether, our results
suggest that Ypt1p is involved in the cellular protection process under heat stress conditions. Also,
these findings provide new insight into the in vivo roles of small GTP-binding proteins and have an
impact on research and the investigation of human diseases.
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Cell walls need to maintain mechanical support of the cell during development and stress. Changes in
the mechanical forces at the interphase between plasma membrane and cell wall are monitored by
dedicated receptors, which activate cell wall integrity (CWI) signaling. This mechanical aspect of
stress signaling is largely unexplored territory.
We use the herbicide isoxaben (ISX) to inhibit cellulose synthesis in Arabidopsis seedlings. ISX
treatment causes loss of CWI in rapidly elongating cells, leading to ectopic lignification in the root
elongation zone and stress hormone accumulation.
Aim: The aim of this study is to find novel components of CWI signaling by taking advantage of
natural variation within Arabidopsis thaliana.
Methods: Genome-wide association study (GWAS) of Arabidopsis natural accessions for ISX-induced
root lignification and accumulation of stress hormone salicylic acid (SA). Root lignification was
assessed through detection of lignin autofluorescence and SA was measured with a high-throughput
method based on a bacterial biosensor.
Results: Both traits show large natural variation equal to variation seen between previously
published CWI signaling mutants and the corresponding wild type. However, several natural
accessions show strong responses only in one of the two studied traits, suggesting that these two
traits are not directly linked. The preliminary analyses of the GWAs suggest that lignification is
affected by a large number of loci with small effects, whereas SA accumulation is affected by fewer
loci with larger effects. Interestingly, several of the loci associated with ISX-induced lignin
accumulation include genes known to affect lignin biosynthesis, but the loci associated with ISXinduced SA accumulation do not include known components involved in SA biosynthesis or
accumulation.
Conclusion: GWAS for ISX-induced SA accumulation appears to be a promising approach in order to
find novel components of CWI signaling. Verification of candidate genes is ongoing.
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[P36] ACETATE-JASMONATE SIGNALLING NETWORK IS A NOVEL ESSENTIAL MECHANISM FOR
PLANT DROUGHT TOLERANCE
Jong-Myong Kim1, Taiko To2, Motoaki Seki3
1
Kanto Gakuin Univ. College of Science and Engineering, Department of Biosciences,, Yokohama,
Japan
2
Univ. of Tokyo, Dept. of Biological Science, Tokyo, Japan
3
RIKEN, Center for Sustainable Resource Science, Yokohama, Japan
The acetate-jasmonate signalling network is a novel essential mechanism for drought tolerance in
plants (Kim, J-.M. et al. Nature Plants 3, 17097 (2017)). In Arabidopsis, acetic acid is synthesized
through the dynamic metabolic flux conversion from pyruvate under drought conditions. Chromatin
regulation factor HDA6 directly regulates genes for acetate biosynthesis and functions as the ON/OFF
switch of this metabolic conversion from glycolysis to acetate biosynthesis pathway. Furthermore,
we determined the two-way functional mechanism of acetate for plant drought tolerance. The 1st
way is “Acetic acid treatment excites transient jasmonate biosynthesis and its signalling pathway”. By
genetic analyses using aos and coi1 mutants, it is determined that a jasmonate synthesis and
jasmonate signalling pathway are both essential for plant drought tolerance. The 2nd way is “Acetate
was used as a substrate for histone acetylation to prime the genome activity”. A large part of
jasmonate signalling pathway genes for drought response is involved in the jasmonate responsivegenes enriched histone acetylation by acetic acid treatment. Acetate promotes the two-way
regulation that jasmonate synthesis-signalling network and genome-wide histone acetylation. The
acetate-jasmonate signalling network for drought tolerance is highly conserved in plants, moss and
fungi, evolutionally. Exogenous acetic acid treatments can confer the remarkable drought tolerance
in Maize, Rapeseeds, Rice, Wheat and garden plants. Interestingly, the acetate-jasmonate signalling
network is independent mechanism in early phase of drought response and distinguished from ABA
pathway for drought response. We will discuss this new survival strategy that exploits an epigenetic
switch of metabolic flux conversion, hormone signalling and genome-wide histone acetylation to
adapt to drought in plants.
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[P37] IDENTIFICATION AND CHARACTERIZATION OF WATER SENSING MECHANISMS ACROSS THE
GREEN LINEAGE
Josep Vilarrasa-Blasi1, Tamara Velosillo1, Robert Jinkerson1 2, Frieder Fauser1, Michael Guzman1,
Jackie Onishi1, Martin Jonikas1 3, José Dinneny1 4
1
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2
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3
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Water is essential for all known forms of life. While osmo-sensing pathways have been defined in
bacteria, yeast and animals, how plants perceive water and orchestrate adaptive responses remains
largely unknown. We are using Chlamydomonas reinhardtii, a unicellular alga, which provides a
simplified system within the plant lineage and lacks certain life-cycle stages sensitive to osmoregulation. We performed a transcriptomic and phosphoproteomic analysis and uncovered the
Chlamydomonas response to osmotic stress. By using a genome-wide indexed mutant library that
allows mutant identification following competitive growth assays, we identified mutant phenotypes
in different osmotic regimes including; NaCl, Mannitol, PEG and hypoosmotic stress. A reversegenetic approach to find conserved osmosignaling modules in the green lineage was performed with
Arabidopsis thaliana orthologous counterparts. We identified Knockout mutants for genes encoding,
a signal-transduction kinase, a potassium transport channel, a palmitoylation-related enzyme and
cytoskeleton related proteins with enhanced sensitivity to osmotic stress in both Chlamydomonas
and Arabidopsis. Finally, we will present initial characterization of these signaling pathways and their
impact in growth and survival. Altogether we show the power of using a unicellular alga to uncover
osmo-sensory pathways in the green kingdom.
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[P38] ARABIDOPSIS RESPONSE TO BORON TOXICITY IS REGULATED BY HISTONE ACETYLATION
Felipe Aquea1 2
1
Universidad Adolfo Ibáñez, Laboratorio de Bioingeniería, Facultad de Ingeniería y Ciencias, Santiago,
Chile
2
Center for Applied Ecology and Sustainability , (CAPES), Santiago, Chile
Boron is an essential micronutrient for plant growth and development. Despite the great importance
of boron, only a narrow range of concentrations between deficiency and toxicity is considered
optimal. Toxic effects of boron might include inhibition of cell division, defects in cell wall
development, metabolic disruption, decrease of photosynthetic pigments and an increase in
accumulation of total soluble and insoluble sugars. Adaptation to environmental stress requires
genome-wide changes in gene expression. Histone modifications are involved in gene regulation, but
the role of histone modifications under boron stress is unknown. In this work, evidence that the
histone acetylation is involved in boron toxicity response in Arabidopsis thaliana is shown. The
histone acetyltransferase GCN5 loss-of-function plants are hypersensitive to boron toxicity, reducing
significantly the root growth and chlorophyll content. In addition, the yellowed leaves phenotype of
plants grown in higher boron concentration was reverted when plants were additionally treated with
Trichostatin A (TSA), a broad-spectrum histone deacetylase inhibitor, suggesting that TSA can
antagonize the toxic effect of boron in leaves. The role of histone acetylation in the boron toxicity
response was validate using mutant plants for the class I histone deacetylase. Environmental
stresses, such as boron toxicity, cause significant yield losses annually. Further studies on how
chromatin modifications are involved in plant stress response will contribute significantly to our
understanding of the molecular mechanisms underlying plant response to environmental stresses,
which may ultimately be applicable to improve agricultural productivity.
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[P39] EARLY RESPONSIVE TO DEHYDRATION (ERD)7 IS INVOLVED IN REGULATION OF MEMBRANE
LIPID COMPOSITION AND COLD TOLERANCE IN ARABIDOPSIS
Juan de Dios Barajas Lopez1, Hiroaki Fujii1
1
University of Turku, Biochemistry, Turku, Finland
Like all organisms, plants must adjust to environmental perturbation. Cells are separated from the
environment via the plasma membrane, which consists of a lipid bilayer. As well as the structural
basis for cell membranes, some lipids are used as signalling molecules. Thus, a lipid is one of the most
important biomolecules under environmental stress conditions such as low temperature. In this
project, we analysed the role of ERD7, which has been identified as a dehydration-induced gene, in
regulation of lipids. First, we produced an antibody that recognized ERD7. In addition to its mRNA,
the ERD7 protein accumulated under a cold condition as well as a dehydration condition. Since the
erd7 mutant did not show any phenotype, we produced a higher-order mutant that had mutations in
ERD7 and two homologs. The triple mutant was embryonic lethal, indicating that the ERD7 family is
essential for normal development. Then, we used a mutant lacking the homologous genes and one
allele of ERD7. The mutant showed morphological phenotypes including shorter petioles and smaller
leaves under normal growth conditions. In addition, the mutant was more sensitive to cold in the ion
leakage assay. Lipidomics analysis showed that lipid profiles in the mutant were different from those
in the wild type. Taken together, these results indicate that the ERD7 family is involved in regulation
of lipid compositions and important for stress responses as well as development.
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[P40] FINDING THE NEW ROUTE: GLUCOSE REGULATION OF ROOT SYSTEM ARCHITECTURE DURING
DROUGHT STRESS
Dhriti Singh1, Ashverya Laxmi1
1
National Institute of Plant Genome Research, New Delhi, India
Plants being sessile organisms frequently encounter various abiotic and biotic stress condition. These
stress conditions negatively affect plant growth and development. Drought is one of leading factors
responsible for global food production reduction. A better understanding of mechanisms underlying
drought stress and tolerance can help in this direction. Roots are the very first place where plants
encounter drought stress and it affects almost every parameter of root system architecture such as
primary root length, lateral root branching as well as root growth direction. Roots modulate their
growth to maximize their water and nutrient uptake under stress condition. Reports suggest that
root growth direction plays a vital role in plant response and tolerance under drought stress
conditions. Our lab has reported an essential role of Glucose (Glc) signaling in regulating almost every
parameter of root architecture including root directional growth through interaction with
phytohormones. In this study, we have observed that Glc can regulate root directional growth under
drought stress conditions. This Glc mediated root directional growth is involved in seedling response
and tolerance under stress condition. We have also studied the involvement of other phytohormones
in this Glc mediated regulation of root growth direction under stress conditions. Altogether, Glc
mediated change in root direction enhances the plasticity of root architecture and thus is an adaptive
feature under stress conditions.
Similar work has been presented in ICPDB-2017 conference
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[P41] GLUTATHIONE DEPENDENT ENZYMATIC AND NON ENZYMATIC PATHWAYS FOR
DEHYDROASCORBATE REDUCTION ARE CRUCIAL FOR ASCORBATE POOL SIZE REGULATION UNDER
HIGH LIGHT
Yusuke Terai1, Hiromi Ueno1, Mio Tanaka1, Takahisa Ogawa1, Frank Van Breusegem2, Takahiro
Ishikawa1, Takanori Maruta1
1
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Ascorbate is one of the most abundant soluble antioxidant in plant cells and, therefore, essential as
the redox buffer. Plant possess dehydroascorbate reductases (DHARs) that catalyze the reduction of
oxidized form of ascorbate (dehydroascorbate, DHA) into its reduced form using glutathione, as an
electron donor. Although the pKa value of glutathione thiol is relatively high (around 9.0), nonenzymatic DHA reduction by glutathione may be possible in plant cells. For this reason, the
physiological significance of DHARs in ascorbate recycling is still obscured. We herein produced an
Arabidopsis triple mutant lacking all three DHAR genes, dhar1 dhar2 dhar3, and a quadruple mutant
with additional vtc2-4 mutation that results in ascorbate deficiency. Measurements of ascorbate in
these mutants under low- or high-light conditions indicate that DHARs are dispensable when
ascorbate concentration is low to moderate, but they contribute, to some extent, for full
accumulation of ascorbate under high irradiance. No significant difference in ascorbate content and
redox state was observed in a comparison between wild type and pad2-1 mutant that contains about
20% of wild-type glutathione. However, when the pad2-1 mutation was introduced into dhar1 dhar2
dhar3, the resulting quadruple mutant contained much lower levels of ascorbate compared to their
parent lines under high irradiance and exhibited an increased sensitivity to the stress. Based on
these results, we conclude that glutathione-dependent enzymatic (DHAR) and non-enzymatic
pathways for DHA reduction play a crucial role in ascorbate recycling in a complementary way under
high irradiance. We are currently carrying out comprehensive analysis of monodehydroascorbate
reductases (MDARs) that form an alternative NADH-dependent pathway for ascorbate recycling.
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[P42] OVEREXPRESSION OF MATE9 IN ARABIDOPSIS PROVIDES LOW PHOSPHATE AND ALUMINIUM
TOLERANCE
Neha Upadhyay1, Sourav Datta1
1
Indian Institute of Science Education and Research, Bhauri, Biological Sciences, Bhopal, India
Aluminium toxicity and low phosphate availability in acidic soil is a major limitation to crop
production. In highly acidic soil, Al3+ ions dissolve from the clay minerals and target root apex region
inhibiting root growth and function. Phosphate forms insoluble complexes with cations on the
surface of soil particle that is unavailable to the plant leading to severe reduction in crop yield. There
is an urgent need to devise strategies to enhance low phosphate and aluminium tolerance in plants.
The exudation of organic acid mainly citrate from root represents a common natural mechanism to
tolerate low phosphate and aluminium stress. Citric acid effectively chelates Al3+ ion and thereby
reduces the toxic effect of Al3+ in the rhizosphere. Citrate exudation involves a membrane
transporter belonging to MATE (Multidrug and Toxic extrusion) family. We identified a mutant mate9
showing defects in root growth in phosphate sufficient and deficient conditions. The defective root
phenotype of mate9 could be rescued upon genomic complementation, suggesting the role of
MATE9 in overall root development. We found MATE9 is an Al inducible MATE transporter that is
highly expressed in roots and localizes on plasma membrane of root epidermal cell. MATE9 transcript
level is highly upregulated in plants grown under dual stress (low phosphate and high aluminium).
mate9 exhibits hypersensitivity to aluminium, enhanced ROS production, increased loss of plasma
membrane integrity and higher accumulation of Al3+ ion in the root apex region. Overexpression of
MATE9 using root hair specific (EXPANSIN7) and constitutive (35S) promoter enhances Al inducible
root citrate exudation and promotes root growth perhaps by external Al detoxification and enhanced
phosphate mobilization. Our study unravels the role of MATE9 transporter as a key player in overall
root development. Overexpression of MATE9 can potentially play dual role to provide low phosphate
and high aluminium tolerance.
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[P43] TRANSCRIPTION FACTOR BBX32 INTERACTION NETWORKS IN LIGHT STRESS SIGNALING
Huiting Jin1, Anne Rokka2, Philip Mullineaux3, Michael Wrzaczek1
1
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3
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Transcriptional regulation is important in regulating plant development and responses to
environmental stimuli. The Arabidopsis genome encodes approximately 1500 transcription factors
(TFs), and 40% of them are specific to plants. The B-BOX (BBX) proteins are zinc-finger TFs containing
a B-box domain. They play key roles in regulatory networks controlling growth and developmental
processes such as seedling photomorphogenesis, regulation of flowering, shade avoidance, and
responses to biotic and abiotic stresses. The B-box is divided into two distinct types, B-box1 and Bbox2, mainly based on the consensus sequence and the spacing of zinc-binding residues. The B-box
motif plays an essential role in transcriptional regulation and protein-protein interaction.
BBX32 is one of 32 members of the Arabidopsis B-Box proteins and encodes a 25 kDa protein
containing one complete B-box domain. BBX32 has a negative effect on photomorphogenesis and
flowering in long day photoperiod. BBX32 can interact with BBX21 to negatively regulate
photomorphogenesis, and interact with EMF1 and BBX4 to negatively regulate flowering under long
day photoperiod.
We investigate BBX32 protein-protein interaction networks in light stress. Evidence suggests that
light conditions affect BBX32 expression, localization and protein stability and we aim to test how
BBX32 protein-protein interactions change in response to light stimuli. The work will be carried out
using Arabidopsis thaliana ecotype Col-0 and the bbx32-1 mutant as well as transgenic plants
expressing epitope-tagged BBX32 for identification of protein complexes. The epitope-tagged BBX32
will allow enrichment of the protein complexes and subsequent mass spectrometric analysis of the
components. Specific amino acid residues can be crucially important for protein function. Therefore, I
introduce mutations into the B-Box of BBX32 (for example to prevent binding to DNA) and generate
transgenic plants and will use microscopy,IP, pull down and mass spectrometry to check protein
interaction.
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[P44] ROLE OF ARABIDOPSIS MEDIATOR SUB-UNITS IN RESPONSE TO SALT STRESS
Fazeelat Karamat1, Julia Shearman1, Vincent pujol1, Matilda Rentoft1, Jeanette Blomberg1, Stefan
Bjorklund1
1
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Salinity is a widespread and increasing challenge for sustained productivity of crops growing on
irrigated land, as well as in desert climates. Salinization of croplands could hinder the goal of
intensive agriculture to meet the demand of increasing population. One approach to overcome this
problem is to understand the mechanism of perception of environmental stress/cues (salt) by plants.
Mediator is a multi-subunit complex, which is essential for transcriptional regulation in eukaryotic
cells. It serves as an interface between promoter-bound transcription factors and RNA polymerase II
to transduce signals for activation and repression of genes in response to changes in the
environment, such as different types of stress. Studying the function of Mediator subunits under
various abiotic stresses is essential to further our knowledge of how the regulation of stress response
genes is controlled and coordinated. We have selected four Arabidopsis thaliana mediator subunit
mutants, med9, med16, med18 and cdk8/cdke1; one subunit as representative of each of the four
modules of Mediator. Each mutant and the corresponding wild type (Col-0) were studied to elucidate
the involvement of each subunit in the overall response to salt stress. Plants were grown under
short-day conditions for 5 weeks in hydroponic media conditions, then exposed to various
concentrations of NaCl followed by sampling at set durations. Optimization of NaCl concentration
conditions and time period was achieved based on preliminary results obtained through RT-qPCR
technique. To reveal differential gene expression patterns among wild type plants and selected
mutants on a global level, we have performed RNA sequencing. Differential gene expression patterns
and salt stress responses were evaluated for each genotype and results will be presented.
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[P45] GENETIC DIVERSITY FOR NITROGEN USE EFFICIENCY IN ARABIDOPSIS THALIANA
Rhonda Meyer1, Markus Kuhlmann1, Corina Gryczka1, Marc Heuermann1, Dominic Knoch1, Margarete
Müller1, Cathleen Neitsch1, Armin Schlereth2, Hardy Schön3, Kathleen Weigelt-Fischer1, Thomas
Altmann1
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Nitrogen availability in the soil is a major determinant of crop yield. While the application of fertiliser
can substantially increase the yield on poor soils, it also causes nitrate pollution of water resources
and high costs for farmers. Increasing the nitrogen use efficiency (NUE) in crop plants is a necessary
step to implement low input agricultural systems. We exploit the genetic diversity present in the
world-wide Arabidopsis thaliana population to study adaptive growth patterns and changes in gene
expression associated with limited nitrate availability. Two complementary populations of
Arabidopsis thaliana sampled existing natural diversity: 98 accessions selected on the basis of genetic
diversity and geographical origin, and a mixed population of RILs (mRILs) assembled from 9 crosses
involving 18 different parental accessions. As mRILs originate from recent crosses, they offer the
chance to uncover natural variation hidden in the accessions.
We show that the growth response to differing nitrate availability is highly variable in Arabidopsis
accessions. Analyses of vegetative shoot growth and root system architecture identified accessionspecific reaction modes to cope with limited nitrate availability. Transcription and epigenetic factors
were identified as important players in the adaption to limited nitrogen in a global gene expression
analysis. Five nitrate-responsive genes emerged as possible biomarkers for NUE in Arabidopsis. Most
striking in a genome-wide association study were eight marker-trait associations (MTAs) on
chromosome 1 in a region harbouring three genes encoding cysteine/histidine-rich C1 domain family
proteins in tandem orientation. We found differences in methylation in the promoter region of the
candidate genes in accessions with contrasting behaviour on nitrogen.
The plasticity of plant growth in response to differing nitrate availability in the substrate allows
access to a multitude of genetic factors which can be used as tools to modulate and adjust plant
systems to a wide range of soil conditions.
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[P46] THE INFLUENCE OF APOPLASTIC REACTIVE OXYGEN SPECIES HOMEOSTASIS ON THE CELL
CYCLE IN ARABIDOPSIS THALIANA UNDER AMMONIUM NUTRITION
Maria Burian1, Anna Podgórska1, Elwira Sliwinska2, Bożena Szal1
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The use of ammonium (NH4+) as the only source of nitrogen leads to plant growth inhibition known
as „ammonium syndrome”. Plant growth is a result of two major processes: cell expansion and cell
division. Changes in the plant cell cycle can be regulated by stress factors, leading to reactive oxygen
species (ROS) production, including ammonium nutrition (Podgórska et al. 2013). Apoplastic ROS
homeostasis as well as apoplastic ascorbate content have a great impact on the inhibition of cell
cycle, which is strictly correlated with cyclin dependent kinases (CDKs) activity. The purpose of this
study was to determine the influence of apoplastic ROS homeostasis on the cell cycle in Arabidopsis
thaliana under ammonium nutrition.
Plants grown under nitrogen (control) or ammonium nutrition for 2 and 8 weeks were used. The
content of H2O2 and ascorbate in apoplast were analyzed. Transcript levels of five CDKs, a cyclin, and
CDKs inhibitor were investigated. Obtained results revealed a higher concentration of H2O2 and
dehydroascorbate in apoplastic fluid in plants grown under ammonium nutrition. A significant
decrease of transcript levels of all CDKs and a cyclin in plants grown under ammonium nutrition were
observed. Under ammonium treatment less cells enter the M phase of cell cycle, which in turn
increase the proportion of cells of higher ploidy. Our results indicate that apoplastic ROS homeostasis
is involved in the inhibition of regulators influencing the cell cycle, which leads to the decrease of cell
cycle activity. The inhibition of cell divisions may be one of the reasons of the developmental
disorders in plants grown under ammonium nutrition.
Podgórska et al. (2013). Plant Cell Environ 36, 2034-2045.
This work was supported by grant 2014/13/B/NZ3/00847 from the National Science Centre (NCN,
Poland) given to B. Sz. and a DSM grant 501-D114-86-0115000-07 given to M. B.
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[P47] POST-TRANSLATIONAL REGULATION OF SULFOTRANSFERASE SOT12
Jesús Pascual Vázquez1, Maiju Tuovila1, Sara Alegre1, Moona Rahikainen1, Guido Durian1, Saijaliisa
Kangasjärvi1
1
Molecular Plant Biology, Department of Biochemistry, Turku, Finland
Organelle to nucleus signalling has emerged as a crucial process in plant stress responses, including
light acclimation. Main retrograde signalling pathways and their components have been described in
the last few years. However, there is still a gap in our knowledge regarding the regulation of these
pathways and their downstream effects, especially when it comes to post-translational regulation.
We have demonstrated that protein phosphatase 2A subunit B’γ (PP2A-B’γ) modulates light-induced
oxidative stress responses in Arabidopsis thaliana. Studies on protein interactions identified several
molecular targets for PP2A-B’γ. These include the sulfotransferase SOT12, which is a stress-inducible
enzyme that catalyzes the sulfonation of a variety of metabolites, such as salicylic acid,
brassinosteroids and flavonols. We find that SOT12 accumulates following oxidative stress induced
by short high fluence UV-B treatment and that SOT12 is involved in light acclimation and UV-Binduced oxidative stress responses. Future work will uncover the phosphoregulation of SOT12, its
effects on the activity of the enzyme and its relevance in abiotic stress responses.
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[P48] ELUCIDATION OF THE BIOCHEMICAL AND FUNCTIONAL PROPERTIES OF AN UNKNOWN
NOVEL PROTEIN FROM ARABIDOPSIS THALIANA
Selaelo Katlego Sehlabane-Abotseng1, Tshegofatsho Dikobe1, Dave Kawadza1, Ozeniel Ruzvidzo1,
Patience Chatukuta1
1
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Recently a BLAST search of the Arabidopsis genome using a 14-mer motif with specificity for ATP
binding and catalysis resulted in the identification an AC-like protein coded for by the At3g21465
gene. However, the AC-like protein has not yet been shown to possess any known putative AC
catalytic function but instead, it only appears to be transcriptionally up-regulated in response to
biotic stress factors. Therefore in an attempt to test and determine whether this putative protein
candidate has any functional AC activity, total mRNA of the 4-6 weeks old Arabidopsis thaliana plants
was extracted and used as a template for the complementary synthesis and amplification of a 384 bp
AC-like gene fragment via a specialized Reverse Transcriptase - (RT-PCR) system. The amplified
fragment was cloned into a pTrcHis2-TOPO expression vector and the resultant recombinant
expression vector transformed into chemically competent E. cloni EXPRESS BL21 (DE3) pLysS
expression host cells. Positive clones were determined by PCR and further validated by nucleotidespecific sequencing. The 18.0 kDa C-terminus His-tagged recombinant AC-like protein was then overexpressed following an induction with isopropyl-β-D-1-thiogalactopyranoside (1 mM, IPTG) and
purified over a Ni-NTA affinity matrix system. The endogenous and in vitro AC activities of the
resultant recombinant AC-like protein were then tested via a cAMP-linked enzyme immunoassaying
system while its inherent in vivo AC activity was also concurrently tested via a complementation
testing system using the cyaA SP850 mutant Escherichia coli cells. Results from these three
independent assays collectively indicated that the AC-like protein encoded for by the At3g21465
gene from A. thaliana possesses the endogenous, in vitro and in vivo AC activities, and thus
confirming it as a higher plant AC molecule with a possible cAMP-mediated signaling system.
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[P49] ARABIDOPSIS SERINE HYDROXYMETHYLTRANSFERASE ISOFORMS ARE ADAPTED FOR STRESS
RESPONSES
Rajinikanth Mohan1, Lukuo Lee1
1
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Serine Hydroxymethyltranserase (SHM) is an enzyme which is ubiquitously present in all organisms
and catalyzes the reversible interconversion of the amino acids, serine and glycine. This reaction can
produce a one carbon unit (methylene group) which can be used by the cell as building blocks to
produce amino acids, nucleic acids and lipids and other metabolites. Collectively, this process is
called one carbon (C1) metabolism. Humans have two genes for SHM, both of which are necessary
for C1 metabolism. The model plant, Arabidopsis, on the other hand, has seven genes for SHM. The
Arabidopsis SHM1 is adapted for a function in photorespiration. The functions of the other SHMs are
less clear. We profiled the SHM gene family of Arabidopsis through molecular and genetic analyses.
Phylogenetic analysis divided the Arabidopsis SHM gene family into four groups consistent with their
predicted subcellular localization, including cytosolic, mitochondrial, plastidic and putative nuclear
isoforms. While SHM1 was the predominantly expressed isoform in photosynthetic tissues, other
SHM genes displayed tissue-specific expression patterns. Moreover, the SHM genes were
differentially regulated in response to various plant hormones and to stresses. Consistent with their
induction, some shm mutants showed defects in osmotic stress tolerance. These results indicate that
the SHM gene family in Arabidopsis diversified to specialize in novel functions, possibly involving C1
metabolism.
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[P50] IDENTIFYING NOVEL COMPONENTS IN ABIOTIC STRESS TOLERANCE
Triin Vahisalu1, Cezary Waszczak1, Maija Sierla1, Dmitry Yarmolinsky2, Olena Zamora2, Melanie
Carmody1, Marina Leal Gavarron1, Hannes Kollist2, Jaakko Kangasjärvi1
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The sessile lifestyle of plants requires that adverse environmental conditions are rapidly recognized
and responded to with adequate reactions. Understanding how plants adapt and survive unfavorable
climate conditions at the molecular level is of great interest at the time of rapidly growing world
population and climate change. Both biotic and abiotic stress factors induce ROS production in plants
leading to the activation of downstream signaling events. As ozone induces the production of ROS, it
is an excellent tool to study plant stress tolerance. We have conducted a large-scale forward genetics
screen based on ozone sensitivity aiming to identify both novel stomatal regulators and also
components in stress tolerance. Mutants defective in stomatal regualtion receive a higher ozone
dose leading to leaf damage. Ozone sensitive mutants with normal stomatal and cuticular function
receive same ozone doze but are defective in ROS induced downstream signaling. Our screen has
identified ~50 novel mutants impaired in guard cell signaling and surprisingly only 2 mutants with
normal stomatal regulation and strong ozone sensitivity – oz.14 and oz.16. For both of the mutants
mapping populations have been created based on ozone sensitivity phenotype and SHOREmap
results are available, oz.14 and oz.26 do not carry mutations in already characterized proteins.
Subcellular localization and expression patterns of OZ.14 and OZ.26 will be addressed. Additionally,
responses to other biotic and abiotic stresses will be targeted.
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[P51] HOW A ZINC AND CADMIUM TRANSPORTER CAN CAUSE STERILITY IN ARABIDOPSIS? FOCUS
ON AHZIP6 A DUPLICATED GENE WITH PARTIALLY SPECIALIZED COPIES.
Julien Spielmann1, Victor Deblander1, Maxime Scheepers1, Patrick Motte1, Marc Hanikenne1
1
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To maintain metal homeostasis within physiological limits upon varying metal concentrations in soil,
plants have developed a complex network including metal uptake, chelation, trafficking, and storage
processes. In this network, transporters have a central role. To study the molecular basis of zinc
homeostasis in plants, we are using Arabidopsis halleri, a zinc- and cadmium-tolerant and zinchyperaccumulating species representing the extreme end of natural variation in terms of metal
homeostasis. Indeed, A. halleri stores high amount of metals in vacuoles of above-ground tissues
(>1% Zn or 0.01% Cd in shoot dry weight). Cross-species transcriptomic studies identified about thirty
metal homeostasis genes which are constitutively over-expressed in A. halleri compared to its nontolerant and non-hyperaccumulator sister species Arabidopsis thaliana and Arabidopsis lyrata.
Among them, AhZIP6 belongs to the Zrt-Irt-like protein family (ZIP) which encodes metal cation
transporters involved in cytoplasmic metal influx. It has been proposed that AhZIP6 contribute to zinc
translocation and shoot storage in A. halleri.
In this study, we aim to determine the origin of the AhZIP6 overexpression in A. halleri as well as its
expression profile and function. First, yeast experiments demonstrated that AhZIP6 is a zinc and
cadmium transporter. Moreover, qPCR indicated that ZIP6 is a two-copy gene in A. halleri which
explains, at least partially, the overexpression of AhZIP6. Promoter-reporter constructs showed the
same expression profile for both promoters in A. thaliana, however qRT-PCR indicated a partial
tissues specialisation of each copies. Furthermore, AhZIP6 overexpression in A. thaliana causes inter
alia a sterility phenotype. This will be further presented.
A part of this abstract have already been presented during the Biometals 2016
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[P52] MICRORNA164 REGULATED HEAT-INDUCED SENESCENCE TO MEDIATE THERMOTOLERANCES
OF PLANTS
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MicroRNAs (miRNAs) are considered as an integral part of plant stress regulatory networks. Under
long-term heat stress, expression of miR164 and its precursors were induced; conversely, expression
of miR164 targets, ANAC092, At3g129770, CUC1, CUC2, and NAC1, were repressed. Transgenic plants
overexpressing miR164 precursor c gene (164OE) and T-DNA insertion mutants of mir164a, mir164b,
and mir164c were used to study functions of miR164 in heat response. Expression of miR164 targets
was downregulated in 164OE plants, but their expression levels were upregulated in mir164a and
mir164b mutants. Under acquired heat shock stress and long-term heat stress, 164OE plants also
presented better theromotolerance abilities than wild type (WT). However, the mir164a and mir164b
mutants presented various degrees of heat-sensitive. The chlorophyll content, survival rate, and
rachis length in mir164a and mir164b mutants were also affected. Furthermore, 164OE plants
treated with long term heat stress presented greener and healthier than WT. It might indicate heatcaused senescence was delayed in 164OE plants. Expression of HSP21 and HSP17.6A was also
decreased in the mir164a and mir164b mutants compared to WT. Thus, miR164 regulated
expressions of ANAC092, CUC1, CUC2, and NAC1 to alter heat-caused senescence and HSPs
expression under long term heat stress. These phenomena might result in thermotolerance of plants.
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[P53] ARABIDOPSIS WILD -RELATIVES ADAPTED TO SALT REVEALS MODIFIED SALT STRESS
RESPONSE PATHWAYS
Kieu-Nga Tran1, Maheshi Dassanayake1, Dong-Ha Oh2
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Recent availability of genomes for naturally salt-adapted extremophyte wild-relatives of Arabidopsis
enables investigating how plants may have evolved modified or novel molecular networks to cope
with the salt stress which, in turn, will offer an opportunity to adopt naturally existing stress
response mechanism for the development of stress-resilient crops. Schrenkiella parvula and Eutrema
salsugineum, two of the most salt-tolerant species in Brassicaceae are used in the study. Schrenkiella
parvula, a native plant to the shores of the hypersaline lake Tuz in Turkey, can complete its life cycle
in the presence of high salt concentrations of Na+, K+, and Li+, that are lethal to most plants. Eutrema
salsugineum shows increased tolerance specific to Na+ and is found in coastal or saline soils in
temperate regions from China to Canada. Despite the different evolutionary paths and adaptive
strategies, the genomes of these three species show high macrosynteny and over ~70% of gene
models can be identified in orthologous groups. Using comparative transcriptomic approaches, I have
analyzed a time-dependent transcriptomic response to Na+ and Li+ stress; developed metabolomic
and ionomic profiles for each of the transcriptomic sample to obtain a molecular phenotype; and
assessed the physiological responses to stress Na+ and Li+ stress. I plan to present these results
summarized to identify the key pathways that are unique to each extremophyte as well as shared by
the two extremophytes and different from the canonical stress response pathways known to model
plants. Some of the stress responsive pathways in Arabidopsis that gets highly induced upon stress
are already expressed at high levels prior to the stress implying stress preparedness in the
extremophytes.
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[P54] IDENTIFICATION OF REGULATOR KINASES OF MRNA DECAY UNDER OSMOTIC STRESS
CONDITIONS IN ARABIDOPSIS.
Fumiyuki Soma1, Junro Mogami1, Yuta Sato1, Fuminori Takahashi2, Kazuo Shinozaki2, Kazuko
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Plants sense and adapt to osmotic stresses, such as drought and high salinity, to control growth and
development under the conditions. SnRK2s (SNF1-related protein kinase 2) play a critical role in
osmotic stress signaling in plants. We have previously reported that ABA-unresponsive subclass I
SnRK2s interacted with and phosphorylated a decapping activator VARICOSE (VCS) under osmotic
stress conditions. We also showed that the subclass I SnRK2s and VCS regulated mRNA decay under
osmotic stress conditions. These results indicated that the subclass I SnRK2 and VCS played an
important role in the osmotic stress signaling. However, results of the in gel kinase assay suggested
that protein kinase(s) other than subclass I SnRK2s could also phosphorylate VCS in response to
osmotic stress. In this study, MPK6 (Mitogen-activated protein kinase 6) was identified as a novel
factor that controls the phosphorylation of VCS in response to the osmotic stress. We showed that
MPK6 interacted with VCS in vivo. In vitro phosphorylation assays showed that MPK6 phosphorylated
VCS in response to osmotic stress. Notably, a mutant lacking all functional subclass I SnRK2s
(srk2abgh) and mpk6 showed severer growth retardation than the srk2abgh or mpk6 mutants under
osmotic stress conditions. These data indicated that both subclass I SnRK2s and MPK6
phosphorylated VCS and additively regulated plant growth under osmotic stress conditions. The
MPK6-mediated phosphorylation of VCS was thought to play an auxiliary role in the “subclass I
SnRK2-VCS signaling pathway.
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[P55] ATSERK GENE FAMILY IS INVOLVED WITH GERMINATION UNDER SALT STRESSED CONDITION
Yunmi Ha1, Dami Yang1, Kyoung Hee Nam1
1
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Since plants cannot escape from adverse surroundings, they have developed special mechanisms to
cope with environmental stresses, such as cold, high salinity, drought and deficiency of soil nutrients.
Expecially, high salinity by salt stress greatly restricts agrcultural potential of land. As salt causes the
problem of low water availbility, plant responses are similar to those for water defecit, which are
partly involved with ABA-dependent abiotic stress responses. In addition to ABA, plant specific
steroidal hormone, brassinosteroid (BRs) also affect salt-stress responses. Recently we reported that,
among many components that are related ABA or BR siganling, BAK1 is a common regulator of both
signalings for stomatal movement.Therefore, we extended our research to examine whether the
BAK1 and its homologs have potential to function in salt stress responses. BAK1 belongs to AtSERK
family containing 5 individual members. First we monitored the growth inhibition by salt in various
atserk mutants. Inhibition of root growth of seedlings by increasing concentration of salt was not
changed significanltly in atserk mutants comparing with wild type plants, although loss of chlorophyll
contents by salt treatment was exhibited greater in bak1 mutant than in wild type plants in adult
stage. However, we found that seed germination under salt was greatly affected by lack of AtSERK1
and BAK1/AtSERK3 genes, whereas the patterns of seed germination of atserk2 and atserk4 were
silimar to that of wild type plants. Treatment of brassinolide (BL), a bioactive BR, to the atserk1 and
bak1 mutant seeds germinating under salt-containing media suppressed inhibition of seed
germination by salt, resuling in enhanced seed germination. These results suggest that in salt
stressed condition, AtSERK1 and BAK1/AtSERK3 are involved with tolerance to salt stress for seed
germination rather than post-germinative growth in plants by activation of BR signaling.
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[P56] INVOLVEMENT OF ABA IN DETERMINING THE STEADY-STATE STOMATAL CONDUCTANCE AND
STOMATAL RESPONSE TO REDUCTION IN AIR HUMIDITY
Ebe Merilo1, Dmitry Yarmolinsky2, Pirko Jalakas2, Ingmar Tulva2, Bakhtier Rasulov2, Kalle Kilk2, Hannes
Kollist2
1
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Guard cells shrink and close stomatal pores when air humidity decreases, i.e. when the difference
between the vapor pressures of leaf and atmosphere (VPD) increases to reduce water loss. Evidence
on the role of abscisic acid (ABA) in VPD-induced stomatal closure is largely based on experiments
with ABA-related mutants that respond to VPD in some studies and not in others. Here, we analyzed
VPD-induced rapid changes in whole-plant stomatal conductance (gs) in Arabidopsis lines impaired in
ABA signaling or in all steps of the ABA biosynthetic pathway starting from zeaxanthin. We show that
ABA-deficient Arabidopsis lines as well as pea wilty and tomato flacca all had higher stomatal
conductance compared to wildtype plants. In Arabidopsis, the values of stomatal conductance of
mutants defective in various steps of ABA biosynthesis were significantly correlated with the leaf ABA
level of these mutants. All ABA-deficient lines closed their stomata rapidly and extensively in
response to high VPD, whereas ABA-insensitive ost1-3, defective in ABA-activated protein kinase,
showed impaired VPD-induced responses. Another strongly ABA-insensitive mutant defective in the
six ABA PYR/RCAR receptors, responded to changes in VPD in both directions strongly and
symmetrically, indicating that its VPD-induced closure could be passive hydraulic. Interestingly, ost13 plants gained VPD-induced stomatal closure, when they were priorly kept in conditions, which
induce stomatal opening. We discuss that the VPD-induced passive hydraulic stomatal closure may
be conditional on the initial pretreatment stomatal conductance. We also present VPD-induced
stomatal responses of Arabidopsis ABA-related mutants and Col-0, when the plants were grown
under soil water deficit.
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[P57] TRANSGENERATIONAL INDUCTION OF HEAT STRESS TOLERANCE IN ARABIDOPSIS THALIANA
Gaurav Zinta1, Hamada AbdElgawad1, Marios N Markakis1, Chris Volschenk1, Katrien Sprangers1, Ivan
J Janssens1, Han Asard1, Gerrit TS Beemster1
1
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The frequency and intensity of climate extremes is increasing. We tested whether, and how such
extremes induce transgenerational (adaptive) changes in plants. Arabidopsis (Col-0) plants (21 day
old) were exposed to extreme temperature (9 days, 38 °C). The most resistant individuals were
selected for three generations and compared to non-heat treated plants that were selected in
parallel (control-selected), to investigate adaptation mechanisms.
In control- and heat-selected plants, heat exposure inhibited seed production from the first selection
round on, but this effect was significantly less in the heat-selected lines. In heat-selected plants
photosynthesis parameters and primary metabolism were less affected by heat. They also showed
lower levels of lipid peroxidation, protein oxidation and electrolyte leakage, indicating lower levels of
oxidative stress. The latter is consistent with the antioxidant analysis, showing stronger increases in
the heat-selected lines. Genome-wide transcriptional profiling revealed the largest number of
differentially expressed genes in response to heat treatment in control-selected plants. The selection
effect was much smaller. Under heat exposure, heat-selected plants showed fewer differentially
expressed genes, consistent with the reduced physiological impact. Biological processes in which
differences in gene expression between heat-selected and control-selected plants, in response to
heat, were apparent, include the photosynthetic machinery, RNA and protein processing, beta
oxidation, mitochondrial respiration and protein translation. Interestingly, DNA methylation and
chromatin silencing related genes were downregulated by heat, that remain downregulated in the
next generation. Genome-wide methylome analysis (bi-sulphite sequencing) showed higher number
of methylation changes in response to heat stress than to 4 generations of selection.
Together the results demonstrate that extreme heat stress induces epigenetic adaptations, reducing
stress impact at multiple levels.
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[P58] ROS REGULATION OF GENE EXPRESSION AND CELL DEATH IN ARABIDOPSIS: FROM NATURAL
VARIATION TO MIRNAS
Luis Morales1, Johanna Leppälä1, Omid Safronov1, Mikael Brosché1
1
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Ozone (O3) is a phytotoxic air pollutant that enters the plant through stomata and activates cell death
programs leading to the development of lesions in sensitive plant species. However, O3 also triggers
the formation of reactive oxygen species (ROS) in the apoplast of plant cells which initiate signaling
events that help plants acclimate to stress. In our research, we use O3 as a tool to study general
mechanisms of ROS signaling, and its role in cell death, defense signaling and regulation of gene
expression. Here, different genomic tools, reverse genetics, bioinformatics, and physiological
measurements were used to identify novel roles for microRNAs (miRNAs) in O3-induced defense
signaling and cell death in Arabidopsis thaliana. Our genome-wide association study (GWAS)
identified single nucleotide polymorphisms in the nuclear cap-binding protein subunit CBP80/ABH1
associated with the O3 susceptibility observed across Arabidopsis accessions. ABH1 is involved in
miRNA biosynthesis pathway in plants, and in line with the GWAS, abh1 and mutants with impair
activity in other miRNA processing components, SERRATE (SE; se-2), and HASTY (HST; hst-3), show
increased cell death after O3 exposure. Furthermore, the O3 phenotype of these mutants is not
related to high stomatal conductance. Small RNA sequencing detected several miRNAs differentially
expressed by the O3 treatment in abh1, se-2 and hst-3 as compared to Col-0 wild-type. In addition,
RNA sequencing revealed that ABH1, SE and HST are required for the accumulation of hundreds of O3
induced transcripts. Finally, we identified members of the miR159 family as key regulators of O3
induced gene expression and cell death in Arabidopsis.
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[P59] TAKING A CLOSER LOOK AT TROPISMS: THE ROLE OF PHOSPHOLIPASE D ZETA 1 IN
REDIRECTING ROOT GROWTH
Ruud Korver1, Christa Testerink2
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A plant tropism is the change of growth direction towards or away from specific environmental
conditions. Despite many studies some elements of root tropisms remain poorly understood.
Phospholipase D zeta hydrolyzes glycerol-phospholipids to create the signaling lipid phosphatidic acid
(PA). PA is involved in endocytosis and important for the internalization of auxin carriers. Through
this internalization of auxin carriers the auxin distribution within the root is altered. Changes in the
local auxin concentration influences cell elongation, which in turn changes root growth direction.
Although the involvement of PLDζ2 in tropisms has been shown the underlying mechanism remains
to be elucidated. For PLDζ1 even less is known. Due to its homology to PLDζ2 we hypothesized
involvement of PLDζ1 in tropism responses. We investigated the putative role of PLDζ1 in the
internalization and/or re-localization of the auxin carriers and how this influences the response of
plant roots to tropism stimuli. Interestingly, we observed a cellular PIN2 localization phenotype in the
pldζ1 mutant during salt stress through confocal microscopy. In addition, we show that these cellular
changes result in altered tropism responses in the mutant. We are currently unravelling how PLDζ1s’
effect on membrane composition influences the response of plants to tropic stimuli. Understanding
the cellular mechanisms behind root tropisms will increase our understanding of how plants can
better cope with the ever-changing soil conditions.
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[P60] UNDERSTANDING THE CELLULAR BASIS FOR CELL WALL CONSTRUCTION AND REPAIR
Tamara Vellosillo1, Wei Feng1, José Dinneny2
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During growth and environmental stress, plant cells are required to maintain cell integrity despite changes in
their mechanical properties. Roots directly contact the outside environment and exhibit high sensitivity to
changes in salinity, a major agricultural issue. Roots exposed to high salt media exhibit a temporary arrest in
growth followed by acclimation and growth recovery. Recently in the lab, an essential role for the FERONIA
receptor-like kinase has been discovered in the maintenance of cell-wall integrity and the recovery of root
growth during the salt-stress response.
Now, we aim to elucidate how this environmental stress disrupt the growth potential of a cell and how sensory
systems involving FERONIA, and other possible proteins, coordinate dynamic changes in cell structure, through
vesicle trafficking, cytoskeletal dynamics and calcium-dependent signals, that finally allow growth to safely
resume. Specifically, we aim to understand at the cellular level how FERONIA regulates growth, cell wall
biosynthesis and mechanical properties during salt stress. We are using cell biology approaches, vesicle
trafficking and cell wall synthesis markers, to track the delivery of materials to the extracellular matrix; as well
as the analysis of cytoskeletal organization and dynamics during the growth recovery response. Furthermore,
to understand how FERONIA-dependent calcium signaling maintains cellular integrity and promotes growth
recovery, we will study the spatiotemporal dynamics of the calcium transients. Intracellular calcium transients
are going to be used as beacons of signaling activity to determine the correlation of the spikes to vesicle
trafficking and the delivery of cell wall components.
Additionally, we propose to use the newly identified protein, TRANVIA1, which is localized to the vesicle
trafficking pathway and involved in the secretion of cell wall-related proteins to the plasma membrane. We will
analyze the possible role of this protein in the cell wall reinforcement in response to salt stress.”
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[P61] DIFFERENTIAL FITNESS EFFECTS BETWEEN PSEUDOMONAS SYNTHETIC COMMUNITIES AND
ARABIDOPSIS THALIANA GENOTYPES
Or Shalev Skriptchak1, Talia Karasov1, Derek Lundberg1, Julian Regalado1, Detlef Weigel1
1
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The phyllosphere of wild Arabidopsis thaliana was found to be dominated by the genus
Pseudomonas. Though dramatic fitness effects on the host have been reported for infections with
single Pseudomonas strains, A. thaliana is known to be colonized by many bacterial species, and even
different Pseudomonas strains of the same species simultaneously. Little is known about the
reciprocal fitness outcomes in a more realistic scenario of multiple coexisting Pseudomonas strains
and Arabidopsis genotypes. The collective fitness outcomes derived from multiple interacting
Pseudomonas strains is unlikely to be predictable from information about individual strains, neither
for the bacteria nor for the host. Furthermore, the extent to which the plant genotype shapes its
Pseudomonas community at the intra-species level has not been studied.
Here, we present a novel method to accurately track single Pseudomonas strains in metagenomic
data, and leverage it to test the effect of plant genotype, strain type and strain-strain interactions on
the fitness of both host and bacteria. A panel of local Arabidopsis thaliana genotypes was infected
with synthetic communities of Pseudomonas strains isolated from wild A. thaliana. In order to
accurately evaluate the abundance of each Pseudomonas strain independently in metagenomic data,
we genome-barcoded the strains using unique sequences integrated utilizing the Tn7 system. Plants
were infected with mixtures of tagged strains, and 14 days post-infection, plant weight and strain
abundance were estimated. The plant genotype had a statistically significant effect on which strain
dominated. Moreover, colonization success of individual strains depended on the co-colonizing
strains. Lastly, we observed that co-colonization of pathogenic and non-pathogenic strains resulted in
disease protection, that may be partly mediated by the host genotype. Collectively, our results reflect
the wide range of possible interactions and fitness outcomes between highly similar members of the
same species.
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[P62] PHOSPHOLIPID TURNOVER AS A TOOL FOR FINE-TUNING OF FLAGELLIN PERCEPTION AND
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Flagellin perception is a keystone of pathogen-triggered immunity in plant cells. It starts with flg22
peptide recognition by a plasma membrane receptor complex and is followed by a signalling cascade
including protein phosphorylation and reactive oxygen species (ROS) production via NADPH-oxidase.
However, the role of membrane phospholipids in these processes is currently underestimated.
We first associated the changes in membrane phospholipid turnover with classical downstream
effects of flagellin (flg22) treatment like ROS production, callose deposition, gene expression changes
and resistance to bacterial infection. In both plant cell suspensions and seedlings, flg22 treatment
caused a rapid transient decrease in phosphatidylinositol-4,5-biphosphate levels and a corresponding
parallel increase in phosphatidic acid (PA) levels. Flg22-induced PA production and ROS burst were
sensitive to the effect of lipid-signalling-pathway inhibitors (U73122, R59022 and wortmannin).
Because these results strongly suggest the involvement of the lipid signalling enzymes
phosphatidylinositol-dependent phospholipase C (PI-PLC) and diacylglycerol kinase (DGK) in flg22induced responses, we performed mutant screening to investigate the connection between lipid
signalling and known players in flg22-induced cascades. The receptor-kinase-deficient mutants fls2,
bak1-4 and bik1 produced less PA than WT in response to flg22, but the response in NADPH oxidasedeficient rbohD plants did not differ from that of the control. This indicates that PA accumulation is
placed downstream of receptor complex activation, but upstream of ROS generation. Among the
lipid kinase-deficient lines, the dgk5.1 mutant produced less PA after flg22 treatment, but ROS
production remained at the control level. Besides, dgk5.1 plants showed reduced callose
accumulation in response to flg22 and impaired resistance to Pseudomonas syringae infection. The
transcriptome analysis revealed a set of defence-associated genes that are under control of the DGK5
activity. Thus, we propose a new model of flagellin perception in plant cells including membrane
phospholipid metabolism by PI-PLC and DGK5.
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[P63] POLYMORPHIC AND TRANSCRIPTIONALLY PLASTIC GENE CLUSTERS ENABLED THE EXPANSION
OF THE SCLEROTINIACEAE HOST RANGE TO ARABIDOPSIS THALIANA
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The fungal pathogen Sclerotinia sclerotiorum is a necrotrophic generalist with an exceptionally large
host range of more than 400 plant species. Closely related sister species such as S. minor, S.
kitajimana, S. nivalis and S. trifoliorum exhibit a much more restricted host range. Our aim is to
identify mechanisms of host-specific infection programs and observe their evolution in
Sclerotiniaceae. We used whole genome sequencing by nanopore technology to produce high quality
genomes of these four sister species of S. sclerotiorum and a related facultative biotrophic fungus,
Myriosclerotinia sulcatula, for comparative genomics and pangenome analysis. We combined this
analysis with large-scale whole transcriptome shotgun sequencing (RNA-Seq) in S. sclerotiorum to
identify transcriptome adaptations to diverse host plants, i.e. Arabidopsis, tomato, sunflower,
common bean, ricin, and beetroot. We used a Sclerotinia-optimized CRISPR-Cas9 system to target
selected candidate genes specifically induced on Arabidopsis, including two potential glucosinolateor phytoalexin-responsive genes not previously described, followed by infection assays on
Arabidopsis using the obtained mutants. Our analysis revealed both conserved and host-specific
expression programs in S. sclerotiorum, suggesting that the fungal genome maintains a large number
of infection cassettes and activates these on demand. Some, but not all cassettes exhibit presenceabsence polymorphisms in closely related Sclerotinia species with narrower host ranges, supporting
the notion that broad host range is conferred by both maintenance of virulence cassettes and their
transcriptional control.
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[P64] THE LIGNIN-BASED APOPLASTIC BARRIER RESTRICTS BACTERIAL PATHOGENS TO THE
INFECTION SITE AND CONFERS RESISTANCE IN PLANTS
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Phytopathogens invade plant tissues and proliferate in the extracellular space or apoplast. Plants
have evolved the immune system to recognize and limit the growth of pathogens. Despite substantial
progress in the study of plant immunity, how plants limit pathogen growth remains largely unclear.
Previous studies have suggested lignification as a mechanism for disease resistance, but exactly how
it works is not understood. Here we show that lignin accumulates in the extracellular space in
response to incompatible interactions with bacterial pathogens. This accumulation depends on the
Casparian strip membrane domain protein (CASP)-like proteins (CASPLs), as caspl mutant plants were
defective in lignin polymerization upon pathogen infection. CASPs have been known to be the
organizers of the lignin-based apoplastic structure referred to as the Casparian strip, which functions
as a diffusion barrier in root endodermal cells. Resistance to bacterial pathogens was decreased by
defects in lignin deposition, i.e. by treatment with lignin biosynthesis inhibitor and by knockout or
knockdown of CASPLs, and lignin biosynthesis genes. Moreover, the motility of pathogenic bacteria
was negatively affected by lignin accumulation. These results suggest that the lignin-deposited
structure functions as a physical barrier, similar to the endodermal Casparian strip, trapping
pathogens and thus terminating their growth.
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[P65] A BASIC HELIX LOOP HELIX TRANSCRIPTION FACTOR IN ARABIDOPSIS, MYC2, MEDIATES THE
CROSS-TALK BETWEEN DEFENSE AND LIGHT SIGNALING
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Light positively regulates plant immune system. Transcription factors (TFs) plays the major role in
mediating the cross-talk between light and defense signaling. However, the molecular mechanism by
which light modulates defense responses is in its infancy. MYC2, a bHLH TF has diverse role in
jasmonic acid (JA), abscisic acid (ABA) and light signaling. In our study, we have identified the positive
regulatory role of MYC2 in defense responses against bacterial pathogens. We observed that overexpression of MYC2 makes the plant hyper-resistant against bacterial pathogen only in the presence
of light. MYC2 binds to G-Box (CACGTG) present in light and defense-related genes. Our in silico
analysis identified ICS1, MKK4, RIN4, and PEPR1 are the putative targets of MYC2. By gel shift assays,
we observed that MYC2 binds to G-Box motif present in ICS1, MKK4, PEPR1 and RIN4 gene loci. We
observed that MYC2 differentially regulates the target genes expression in a light-dependent
manner. We established that MYC2 function is required for enhancement of salicylic acid (SA)
biosynthesis and signaling only in presence of light. Thus, MYC2 plays a prominent role in mediating
the cross-talk between light and defense signaling.
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[P66] DISTINCT BRANCHES OF THE N-END RULE PATHWAY MODULATE THE PLANT IMMUNE
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The N-end rule pathway is a highly-conserved constituent of the ubiquitin proteasome system that
relates the half-life of substrates to the amino terminal (Nt-) residue, yet little is known about its
biological roles. Our data show that the glutamine (Gln) deamidation and cysteine (Cys) oxidation
branches are both components of the plant immune system, through the E3 ligase PROTEOLYSIS
(PRT)6. In Arabidopsis thaliana Gln-specific amino-terminal (Nt)-amidase (NTAQ1) controls
expression of specific defence-response genes, activates the synthesis pathway for the phytoalexin
camalexin and influences basal resistance to the hemibiotroph pathogen Pseudomonas syringae pv
tomato (Pst). The Nt-Cys branch modulates the stability of ETHYLENE RESPONSE FACTOR VII
transcription factor, that controls pathogen-induced stomatal closure. In addition, changes in the
stability of an artificial Nt-Cys substrate in response to bacterial infection or flg22 treatment suggest
that Nt-Cys substrates could intervene in the apoplastic immune response. Transgenic barley with
reduced HvPRT6 expression showed enhanced resistance to Ps pv japonica and Blumeria graminis f.
sp. hordei, indicating a conserved role of the pathway. These data demonstrate that separate
branches of the N-end rule pathway act as distinct components of the plant immune response,
indicating that NTAQ1 and Nt-Cys substrates are components of the plant immune response. This
increases the known role of the N-end rule pathway in plant-environment interactions, as our group
recently demonstrated that plants use the N-end rule pathway to sense multiple abiotic stresses, via
oxygen (Gibbs et al., 2011; Licausi et al., 2011) or nitric oxide sensing (Gibbs et al., 2014; Vicente et
al., 2017). Together this demonstrates that this mechanism of ubiquitin-mediate proteolysis is a
general hub for plant environment sensing.
Keywords: Plant immunity, N-end rule pathway, Amino-terminal glutamine amidase, NTAQ, ERFVII,
Camalexin.
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[P67] DECIPHERING THE PLANT-POLEROVIRUS-APHID CROSSTALK BY A COMBINED
TRANSCRIPTOMIC AND METABOLOMIC APPROACH
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Insect-vectored plant viruses represent a significant problem in agriculture causing important yield
losses worldwide. To fight against these crop pests, synthetic insecticides are widely applied to
reduce insect populations and therefore restrain virus dispersion. To develop innovative alternatives
to these chemical treatments, a better understanding of the tripartite interactions between the virus,
the vector and the host plant is needed. Recent studies have shown that vector-borne viruses can
alter the phenotype of their host plants in such ways that the behavior of their vectors is modified,
thus impacting their transmission.
The aim of this project is to explore whether the presence of an aphid-transmitted virus in the plant
can affect the plant response to the aphid vector in order to facilitate virus transmission. The
pathosystem consists of the model plant Arabidopsis thaliana, the Turnip yellows virus (TuYV), a
polerovirus which is efficiently transmitted by the generalist polyphagous aphid Myzus persicae in a
non-persistent circulative mode. A transcriptomic analysis was conducted on TuYV-infected or noninfected plants infested for 0, 6 or 72 h with non-viruliferous M. persicae. In parallel, the samples
were subjected to non-targeted and targeted metabolomic analyses.
In response to aphids, the number of deregulated genes was higher at 6 h than at 72 h in both noninfected and infected plants. Interestingly, 3,186 genes were specifically deregulated by aphids in
healthy plant, whereas only 348 genes were affected in the presence of aphids in infected plants. We
also observed that aphids induced more metabolomics modifications in healthy plants than in
infected plants. Taken together, these data suggest that TuYV-infection lowers the plant’s response
to aphids, which may favor virus transmission. Targeted investigations of the plant metabolic content
and volatile emissions are currently performed to highlight specific compounds that could impact
aphid life traits and colonization.
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[P68] THE COILED-COIL DOMAIN OF A SPECIFIC GROUP OF IMMUNE RECEPTOR IN PEPPER INDUCES
AUTOACTIVE CELL DEATH IN NICOTIANA BENTHAMIANA
Hye-Young Lee1, Eunhye Choi1, Soohyun Oh1, Eunsook Park1, Doil Choi1 2
1
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2
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Plant possess hundreds of intracellular immune receptors encoding nucleotide-binding domain and
leucine-rich repeat (NLR) proteins that can recognize pathogen effectors and confer disease
resistance often accompanying a local hypersensitive cell death (HR). NLR protein typically consists of
three major domains, an N-terminal TOLL/interleukin-1 receptor (TIR) or coiled-coil (CC), a central
nucleotide binding (NB-ARC) domain, and a C-terminal leucine-rich repeat (LRR) domain. The CC
domain is known to function as a signal inducer and remains auto-inhibited state by intramolecular
interaction with NB-ARC and/or LRR domains in absence of effector proteins. Here, we show the CC
domains of a specific NLR group of pepper (Capsicum annuum) and tomato (Solanum lycopersicum) is
sufficient to induce cell death in Nicotiana species. Functional analyses in N. benthamiana revealed
the autoactive cell death induced by CC domain appears to mimic the HR cell death triggered by
activation of NLR protein, as evident by upregulated defense-related genes. Moreover, cell death
activity triggered by the CC domain was significantly altered by silencing of several immune signalingrelated genes in N. benthamiana. We will present our results on molecular mechanisms of cell death
induced by specific CC domain. The results in this study will provide better insights into the HR
induced by activated NLRs and the structure-function relations of NLR protein in plant immunity.
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[P69] PATHOGEN-INDUCED CELL WALL REMODELING AND PRODUCTION OF DANGER ASSOCIATED
MOLECULAR PATTERNS (DAMPS)
Sina Barghahn1, Harry Brumer2, Volker Lipka1
1
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The plant cell wall represents a structural barrier to microbial invasion and controls the entry success
of pathogens into host tissues. Pathogen attack triggers complex and locally confined cell wall
remodelling patterns that are believed to support pathogen entry control but also to serve as a
potential source for Danger Associated Molecular Patterns (DAMPs).
Interactions of Arabidopsis with adapted and non-adapted obligate biotrophic powdery mildew fungi
have been used to study pathogen entry control and pathogen-induced cell wall remodeling.
Transcriptome data of the barley powdery mildew Blumeria graminis f.sp. hordei (Bgh) revealed that
cell wall hydrolyzing enzymes (CWHEs) are differentially expressed during the course of infection and
might be essential for host plant invasion and colonization. It is conceivable that the action of CWHEs
leads to production of DAMPs, which may be recognized by pattern recognition receptors and
consequently, induce immune responses. CWHEs belonging to the Glycoside Hydrolase (GH) Family
17 hydrolyze β-1,3-glycosidic linkages. Callose is a plant cell wall polysaccharide composed of β-1,3linked glucose and a key component of monocot and dicot cell wall deposits at sites of attempted
powdery mildew invasion. It was shown that β-1,3-oligomers are able to induce immune responses in
A.thaliana.
This projects aims to identify and characterize fungal CWHEs required for pathogenicity and/or
production of cell wall derived DAMPs.
We present the characterization of the Bgh GH Family 17 protein #06777 including identification of
its substrate, pH optimum and hydrolysis mode via HPAEC-PAD and mass-spectrometry. The protein
#06777 hydrolyzes β-1,3-glucan-oligomers via a −4→+2 binding/hydrolysis mode with its pHoptimum at 5.5.
In the future, further Bgh GH17 enzymes will be functionally characterized and investigated for a
potential role in generating β-1,3-glucan-oligomers with DAMP activity during plant-fungus
interactions.
This work has been presented before at the conference “Molecular Biology of Plants” in
Dabringhausen (Germany).
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[P70] CLIMATE CONDITIONS MODULATE ARABIDOPSIS QUANTITATIVE DISEASE RESISTANCE TO
THE FUNGAL PATHOGEN SCLEROTINIA SCLEROTIORUM
Justine Sucher1, Adelin Barbacci1, Malick Mbengue1, Marielle Barascud1, Sylvain Raffaele1
1
INRA, LIPM, France
Global warming and human activities influence the distribution and abundance of plant species, their
physiology, and their interactions, threatening crop production worldwide. The identification of
plant genes conferring disease resistance under various climates is a major challenge for food
security.
Our study focuses on quantitative resistance mechanisms in the model plant Arabidopsis thaliana
inoculated by the necrotrophic fungal pathogen Sclerotinia sclerotiorum. Both species are widely
distributed across the Northern hemisphere, and climatic factors are known to impact significantly
on Arabidopsis genome evolution. However, the extent to which climatic conditions alter Arabidopsis
quantitative immune response is largely unknown.
We tested the resistance of three natural A. thaliana accessions, originating from different climate
zones, under three different simulated climate conditions recapitulating expected global changes in
the next decades.
Our results support local adaptation to climate in Arabidopsis quantitative disease resistance to S.
sclerotiorum, with some accessions exhibiting a better resistance under conditions similar to their
climate of origin. To identify genes and mechanisms associated with QDR local adaptation, we
performed a global transcriptomic analysis by RNA-sequencing of three A. thaliana accessions
infected or not by S. sclerotiorum, under three different simulated climates. These results highlighted
new potential sources of resistance and provided a better understanding of the QDR mechanisms,
which could be useful in the future for crop breeding programs in a context of global changes.
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[P71] ROLE OF CHLOROPLAST DYNAMICS IN PLANT IMMUNE RESPONSES
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Chloroplasts are essential organelle in plant cells, which provide energy for plant growth and
development by photosynthesis using sunlight. In addition, chloroplasts are the major site for
producing immune signals in plant cells upon pathogen’s attack. Chloroplasts are highly dynamic,
which change their characteristics by given tissues, their proliferation by self-division, their positions
in a cell, and their morphologies by producing thin tubular structures, stromules. Recently, we have
demonstrated that during plant immune responses, active repositioning of the chloroplast close to
nucleus occurs and numerous stromules extended toward the nucleus, attaching the tip of the
stromule to the nucleus. Further study revealed that, as a part of plant immune responses, stromules
extend toward nuclei along microtubules and anchor to the nucleus by attaching the tip to the actin
filaments, which wrap the nucleus. Interestingly, this actin anchoring of stromules plays a role in
chloroplast movement toward the nucleus. We also demonstrated that a defense protein and the
pro-defense signal, hydrogen peroxide can translocate from chloroplasts to the nucleus via stromule.
In summary, we propose that stromule might provide 1) a path to transfer signaling molecules from
chloroplast to the nucleus as well as 2) a driving force to translocate chloroplast close to nuclei
during plant innate immunity.
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[P72] PLANT VIRUS-HOST CROSS-TALK IN A POTYVIRUS INFECTION: TRANSLATIONAL REPRESSION
OF VIRAL PROTEIN SYNTHESIS BY HOST FACTORS?
Maija Pollari1, Swarnalok De1, Kirstiina Makinen1
1
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Potyviruses are positive-sense single-stranded RNA viruses infecting economically significant crops
worldwide. The multifunctional potyviral helper component proteinase (HCPro) participates in many
host-virus interactions including those concerning suppression of host antiviral silencing. In addition
to conventional silencing leading to the RNA-induced silencing complex (RISC) -mediated destruction
of viral RNA, gene expression can also be restricted through translational repression. Translational
repression occurs either via disruption of translation initiation or blocking of ribosomal movement by
the RISC carrying a short guide RNA complementary to the target. The HCPro of potato virus A
associates with ARGONAUTE 1 (AGO1) and polysomes during infection to ensure efficient viral
protein synthesis. To clarify HCPro’s role we introduced two novel mutations, one to a putative WDrepeat binding domain within HCPro, which severely reduced its silencing suppression activity, and
another targeting its AGO-binding motif. Our results show these mutations impair HCPro’s capacity
to interact with host proteins VARICOSE and AGO1, respectively. Interestingly VARICOSE and AGO1
have both been linked to translational repression mechanisms in Arabidopsis. In this study, we use
the turnip mosaic virus (TuMV)-Arabidopsis thaliana pathosystem to investigate the roles of host
factors and HCPro in the translational repression of viral protein synthesis. Corresponding mutations
targeting VARICOSE- and AGO1-binding domains were introduced to the TuMV infectious cDNA. We
are currently challenging a set of Arabidopsis translational repression mutants with wild type and
mutated TuMV constructs to examine the effects on translation and translational repression. The
results of the study are expected to clarify whether HCPro has a role in overcoming translational
repression in Arabidopsis and broaden our understanding of host-virus cross-talk.
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[P73] NATURAL DIVERSITY SCREEN IDENTIFIES DETERMINANTS FOR HOPZ1A RECOGNITION IN
ARABIDOPSIS IMMUNE RECEPTORS
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Petrescu3, Chelsea Specht4, Jennifer Lewis1
1
UC Berkeley/USDA, Plant Gene Expression Center, Dept of Plant & Microbial Biology, Albany, United
States
2
UC Berkeley, Dept of Plant & Microbial Biology, Berkeley, United States
3
Institute of Biochemistry of the Romanian Academy, Dept. of Bioinformatics and Structural Biology,
Bucharest, Romania
4
UC Berkeley/Cornell University, Dept of Plant & Microbial Biology, School of Integrative Plant
Science, Ithaca, United States
Plant immune receptors can recognize diverse molecules from plant pathogens and induce immune
responses that protect the host from further infection. HOPZ-ACTIVATED RESISTANCE 1 (ZAR1) is a
classical nucleotide-binding-domain-leucine-rich repeat (NBD-LRR) receptor protein (NLR) that
recognizes the Pseudomonas syringae effector protein HopZ1a. Recognition of HopZ1a also requires
the pseudokinase ZED1 (HOPZ-EFFECTOR-TRIGGERED-IMMUNITY DEFICIENT 1), which is acetylated
by HopZ1a. ZED1 is hypothesized to act as a decoy to trap HopZ1a into being recognized by the host.
We previously developed a transient expression assay in Nicotiana benthamiana to test for
interactions among HopZ1a, ZED1 and ZAR1, and demonstrated that recognition of ZAR1 is
conserved from the Brassicaceae to the Solanaceae. Using this assay, we showed that the coiled coil
and LRR regions of ZAR1 directly interact with ZED1 and that interactions within the ZAR1 protein
control the induction of immunity. To identify further determinants of ZAR1 or ZED1 function, we
performed an in silico screen to identify ecotypes from the 1001 genomes project that were likely to
lack recognition of HopZ1a. We tested ~300 ecotypes for their ability to recognize HopZ1a and
identified ecotypes containing single nucleotide polymorphisms (SNPs) in ZAR1 and ZED1. Most
ecotypes displayed SNPs in ZAR1, although one ecotype had a SNP in ZED1 at a site we previously
identified. We tested ZAR1 homologs from each ecotype in our N. benthamiana transient assay to
assess their ability to complement silencing of the N. benthamiana homolog of ZAR1, and the effect
of the SNPs on ZAR1 or ZED1 interactions and the immune response. This work demonstrates the
power of natural diversity to define the molecular determinants and interactions necessary to
regulate induction of immunity in response to pathogens.
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[P74] COMPARATIVE ANALYSIS OF SOLANACEAE NLR GENES REVEALS LINEAGE-SPECIFIC
EVOLUTION OF HELPER NLRS IN CHILI PEPPER (CAPSICUM ANNUUM L.)
Soohyun Oh1, Eunsook Park1, Hye-Young Lee1, Doil Choi1
1
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Non-host resistance (NHR) is one of the most efficient immune response of plants against nonadapted pathogenic microorganisms. It is conferred by a variety of complex molecular mechanisms
such as PTI and ETI. Nucleotide-binding leucine-rich repeat (NLR) proteins known as a determinant of
ETI also are considered to play a role in NHR of evolutionarily close plant species against non-adapted
pathogen. In an emerging concept of NLR network model in Solanaceae plant, we hypothesize the
repertoire of helper NLR family (NLR Required for Cell death; NRC) may determine NHR against given
pathogen. We characterized sixty-four NRC candidate genes from the whole set of putative NLR
coding genes of potato, tomato, pepper, and tobacco genomes based on OrthoMCL cluster and
phylogenetic analysis. Phylogenetic analyses revealed most of NRC candidates were clustered with
their orthologs in each species including functional NRCs such as, SlNRC1, NbNRC2, NbNRC3, and
NbNRC4. Notably, a subgroup of NRC in pepper was tightly clustered only in the species suggesting
lineage-specific evolution. Furthermore, these NRCs were clustered in a chromosome and have high
level of sequence similarities suggesting the possible molecular mechanisms of their evolution. We
are underway of investigating the role(s) of these NRCs in the NHR of pepper against late blight
pathogen of potato (Phytophthora infestans). Progresses of our works on the NHR of pepper to the
non-adapted pathogen and their potential for disease resistant crop development will be presented.
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[P75] THE TRUNCATED NLR PROTEIN TN13 INTERACTS WITH IMPORTIN-Α3 AND IS REQUIRED FOR
DISEASE RESISTANCE IN ARABIDOPSIS
Daniel Lüdke1, Charlotte Roth1, Melanie Klenke1, Annalena Quathamer1, Oliver Valerius2, Gerhard H.
Braus2, Marcel Wiermer1
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Importin-α proteins mediate the translocation of nuclear localization signal (NLS)-containing proteins
from the cytoplasm into the nucleus through nuclear pore complexes (NPCs). Genetically,
Arabidopsis IMPORTIN-α3/MOS6 (MODIFIER OF SNC1, 6) is required for basal plant immunity and
constitutive disease resistance activated in the auto-immune mutant snc1 (suppressor of npr1-1,
constitutive 1), suggesting that MOS6 plays a role in nuclear import of proteins involved in plant
defense signaling. To identify defense-regulatory cargo proteins and interaction partners of MOS6,
we conducted both in silico database analyses and affinity-purification of functional epitope-tagged
MOS6 from pathogen-challenged stable transgenic plants coupled with mass spectrometry. Among
thirteen candidate MOS6 interactors that were selected for functional characterization, the TIR-NBStype protein TN13 is required for resistance to Pseudomonas syringae pv. tomato (Pst) DC3000
lacking the type III effectors AvrPto and AvrPtoB. When expressed transiently in N. benthamiana
leaves, TN13 co-immunoprecipitates with MOS6 but not with its closest homolog IMPORTIN-α6.
Consistent with a predicted N-terminal transmembrane domain, TN13 localizes to the endoplasmic
reticulum (ER) and the nuclear envelope (NE), where it associates with MOS6 in a transient
bimolecular fluorescence complementation (BiFC) interaction assay in N. benthamiana, indicating
formation of a preformed nuclear import complex. Our work uncovered the truncated NLR protein
TN13 as a component of plant immunity that selectively binds to MOS6/IMPORTIN-α3 in planta. We
propose that release of TN13 from the ER-membrane in response to a pathogen stimulus and its
subsequent nuclear translocation is important for plant defense signal relay.
Parts of this work have been presented at the “Conference Molecular Biology of Plants” in
Dabringhausen, Germany.
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[P76] TRANSCRIPTOME ANALYSIS OF THE ARABIDOPSIS NUCLEOPORIN MUTANTS MOS3/NUP96
AND NUP160 USING RNA SEQ
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The double membrane of the nuclear envelope (NE) act as a selective barrier that separates nuclear
from cytoplasmic processes and provides all eukaryotic cells with an important means to control the
specificity and timing of signaling events and gene expression. The transport of proteins and RNAs
across the NE occurs through nuclear pore complexes (NPCs) that are composed of nucleoporins
(NUPs). The conserved NUP107-160 complex is the largest subunit of the NPC and three of its
constituent members in Arabidopsis, MOS3/NUP96, NUP160 and SEH1, are implicated in basal
defense and in resistance conditioned by activated TIR-NB-LRR (TNL) immune receptors. Our recent
analyses revealed that defects in both mos3 and nup160 mutants lead to a reduced production of
reactive oxygen species (ROS) upon treatment with different pathogen-associated molecular
patterns (PAMPs). MOS3 and NUP160 are also essential for nuclear mRNA export and full
accumulation of transcripts encoding ENHANCED DISEASE SUSCEPTIBILITY1 (EDS1), a key positive
regulator of basal and TNL-mediated resistance. Our current research efforts are directed towards
understanding the molecular mechanisms that underlie reduced transcript accumulation in mos3 and
nup160 and in identifying additional defense-related genes that are misexpressed in both mutant
plants. We therefore conducted a transcriptome analysis of wild-type, mos3 and nup160 plants using
RNA-seq. Our analysis revealed more than 400 genes that are differentially expressed in both mos3
and nup160 mutant plants, including a group of genes that are implicated in plant defense and are
currently under investigation.
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[P77] A PATHOGEN-RESPONSE PROTEIN, ATDABB1 CONTRIBUTES INDUCED PLANT DEFENSE WITH
ANTIFUNGAL ACTIVITY IN ARABIDOPSIS THALIANA
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To isolate plant antifungal proteins in Arabidopsis thaliana leaves, we used anion exchange
chromatography and high-performance liquid chromatography. We determined the amino acid
sequence of purified protein using MALDI-TOF/MS analysis and found that the sequence matched
that of a hypothetical Arabidopsis protein in GenBank (accession number NP_175547). We
designated the protein as AtDabb1. We cloned the full-length cDNA encoding the hypothetical
protein from an Arabidopsis leaf cDNA library, the recombinant protein was expressed in Escherichia
coli and found to significantly inhibit cell growth of various fungi. The AtDabb1 transcript level was
induced by pathogen-related signaling molecules including salicylic acid(SA) and jasmonic acid(JA).
We suggest that AtDabb1 may play an important role in an induced defense mechanism against
various stress and diverse pathogenic fungi.
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[P78] UNRAVELING THE CELLULAR PATHWAYS INVOLVED IN CALLOSE DEPOSITION DURING PLANT
INNATE IMMUNITY
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One of the defense strategies that plants use to protect themselves against pathogen intrusion is the
strengthening of the cell wall by the deposition of callose (a ß-1,3-glucan polymer). This process
occurs in response to bacterial, fungal, oomycete, virus and nematode infections, implying that it is a
process of paramount importance in plant immunity. However, in spite of its importance, it is still not
fully understood how callose biosynthetic and regulatory pathways are integrated with the cellular
processes that mediate its deposition to the cell wall in response to pathogen challenge. Using a fastforward genetic screen based on virus-induced gene silencing (VIGS) in Nicotiana benthamiana, we
identified a novel gene involved in plant immunity that we named nonhost resistant 2 (NHR2).
Arabidopsis thaliana has two NHR2 orthologs: AtNHR2A and AtNHR2B. Atnhr2a and Atnhr2b mutants
are susceptible to the bacterial pathogen Pseudomonas syringae pv. tabaci that does not cause
disease in wild-type plants. We further found that Atnhr2a and Atnhr2b mutants are defective in
callose deposition in response to bacterial pathogens. Using live-cell imaging, we showed that
fluorescent versions of AtNHR2A and AtNHR2B localize to the cytoplasm, chloroplasts and to small
and dynamic subcellular structures reminiscent of the endomembrane system. We have generated
transgenic lines expressing AtNHR2A-GFP and AtNHR2B-GFP in different genetic backgrounds to
dissect the molecular and cellular pathways associated with AtNHR2A and AtNHR2B function in
callose deposition. Interestingly, AtNHR2A and AtNHR2B co-localize and interact with each other and,
the double mutant Atnhr2b x Atnhr2a has an additive phenotype. Altogether, we propose that
AtNHR2A and AtNHR2B are new components of the plant immune system that act together to
orchestrate the deposition of callose to the plant cell wall in response to bacterial pathogens.
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[P79] HOW DO PLANT RESISTANCE PROTEINS ACTIVATE DEFENCE GENE EXPRESSION UPON
EFFECTOR PERCEPTION?
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Pathogens secrete effectors to facilitate infection in plants. Resistance (R) proteins enable plants to
detect effectors and activate defence responses (Effector-Triggered Immunity, or ETI). The genetic
basis of this defence activation upon effector perception is still largely unknown. In Arabidopsis, the
R proteins RRS1 and RPS4 function as a pair to recognise bacterial effectors, AvrRps4 from
Pseudomonas, and PopP2 from Ralstonia. Previous study from the Jones’ lab has shown that the
activation of RRS1 and RPS4 leads to the up-regulation of about 40 ETI genes within 4 hours post
infection. These include genes for salicylic acid biosynthesis, defence enzymes and transcription
regulators.
Capture-sequencing with biotinylated RNA baits allow us to capture specific genomic regions of
interest for sequencing. This enables us to sequence many libraries in a single flow cell. We have
designed baits to capture 52 regions in Arabidopsis genome to test ETI-induced genes expression in
multiple mutant lines upon effector recognition. These regions cover 34 ETI-induced genes and 18
control genes. Preliminary results from the RNA-capture sequencing has shown that the transcription
factors SARD1 and CBP60G are crucial in the up-regulation of these early-ETI genes; while the bHLH
transcription factors MYC2, MYC3, MYC4 and transcriptional co-repressors TPR1, TPL and TPR4 are
not involved in the up-regulation of early ETI-genes. In summary, RNA-capture sequencing provides a
high-throughput and low-cost platform to study ETI early gene regulatory network.
ETI-induced genes were previously identified through subtracting PTI+ETI-induced genes by PTIinduced genes. Using an inducible-effector system, genes that are induced by ETI independent from
PTI can be identified; some of these genes include WRKY40, MPK3, NHL10 and NRG1A has been
verified by real-time quantitative PCR using cDNA samples from the transgenic inducible lines.
Genome-wide RNA sequencing with the inducible-AvrRps4 line will enable us to categorize defenceinduced genes.
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[P80] UNCOUPLING PLANT IMMUNITY AND GROWTH INHIBITION IN THE HYPERRESISTANT
DMR6_DLO1 MUTANT
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Plants have evolved an effective immune system to combat microbial pathogens. Resistance to
biotrophic pathogens, which thrive on living host tissue, is predominantly mediated by the
phytohormone salicylic acid (SA). Although SA stimulates immunity, it negatively affects plant
growth. Thus, to ensure an optimal balance between growth and defence, plants tightly regulate
their SA hormone levels. Double mutants in the previously identified SA-hydroxylase genes DMR6
and DLO1, encoding 2-oxoglutarate iron-dependent oxygenases, are hyperresistant to biotrophic or
hemi-biotrophic pathogens. As a consequence of the growth-defense trade-off, the dmr6-3_dlo1
double mutant has a severe stunted growth phenotype, caused by the accumulation of SA. Currently,
we are studying the regulation of growth and defense in dmr6-3_dlo1 plants, by searching for
MODIFIERS OF dmr6/dlo1 MEDIATED IMMUNITY (MDI) genes. In one strategy, we EMS-mutagenized
the dmr6-3_dlo1 plants and identified 104 mutants with restored growth phenotypes at seedling and
adult stages, similar to wild-type. Strikingly, half of these restored growth mutants remained
hyperresistant to the downy mildew Hyaloperonospora arabidopsidis. We are pursuing the causal
mutations to identify interesting modifier genes. In a second approach to uncouple the growthdefense trade-off, we study cryptic variation in different Arabidopsis accessions mutagenized in
DMR6/DLO1. We have identified stable single and double mutants generated by CRISPR/Cas9 in all
six accessions that will be phenotyped in the next generation. The cryptic variation in growth
inhibition in the double mutant backgrounds can then be genetically explored. In conclusion, our
data emphasize that it is possible to uncouple SA-mediated defense and growth inhibition in the
hyperresistant dmr6-3_dlo1 mutant. We expect that exploiting cryptic and EMS-induced genetic
variation will reveal novel modifiers, regulatory elements, and connections in the Arabidopsis
immune network.
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[P81] IDENTIFICATION OF THE FIRST EXTRACELLULAR NICOTINAMIDE ADENINE DINUCLEOTIDE
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Aim: Nicotinamide adenine dinucleotide (NAD) functions in many biological processes inside healthy
cells, but it can also serve as a warning signal of infection. When an invading microbe damages a
host cell, NAD leaks out of the damaged cell. Neighbouring naïve cells detect this NAD and activate
immune responses. However, the identities of the receptors detecting extracellular NAD (eNAD)
were unknown in both plants and animals. The goal of this work was to identify the first eNADbinding receptor using Arabidopsis.
Methods: Microarray was utilized to identify NAD-inducible putative plasma membrane receptorencoding genes, reverse genetics was used to test NAD responsiveness of T-DNA insertion mutants of
the receptor genes, and biochemical techniques were employed to test if the receptor binds NAD.
Results: (1) The lectin receptor kinase (LecRK)-encoding gene, LecRK-I.8, is induced by exogenous
NAD; (2) the LecRK-I.8 protein is localized in the plasma membrane and possesses an active
cytoplasmic kinase domain; (3) LecRK-I.8 binds NAD, but not NAD phosphate (NADP), ATP, ADP, or
AMP, and three other LecRKs, LecRK-I.3, LecRK-I.6, and LecRK-I.9, do not bind NAD; (4) mutations in
LecRK-I.8 inhibit NAD-induced, but not NADP-, flg22-, and salicylic acid-induced, defence responses;
and (5) mutations in LecRK-I.8 compromise basal resistance to bacterial pathogens.
Conclusion: LecRK-I.8 is an eNAD-binding receptor. Identification of the first eNAD receptor in
Arabidopsis supports the hypothesis that eNAD is a novel damage-associated molecular pattern
(DAMP) in plants; during plant-microbe interaction, NAD is released from dead or dying cells into the
extracellular space where it interacts with the adjacent naïve cells’ surface receptors, which in turn
activate downstream specific immune signalling pathways. Further identification of eNAD receptors
and their downstream signalling components in Arabidopsis as well as determination of the
generality of eNAD signalling in crops will help establish eNAD as a conserved DAMP in plants.
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[P82] USING CHLOROPHYLL FLUORESCENCE TO DISCOVER RESISTANCE GENES AGAINST
NECROTROPHIC PATHOGENS
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The Ubiquitin Proteasome System (UPS) regulates most of the important transitions during plant life
cycle, including many developmental programs and immune responses. Members of the UPS have
been shown to be involved in resistance to the necrotrophic fungus Botrytis cinerea, which is the
second most important fungal pathogen for agriculture worldwide with a host range of more than
200 crops. In our earlier study, we have curated the RING type ubiquitin E3 ligase sequences in the
most recent Arabidopsis genome v11. As a follow up, their transcriptional responses were screened
upon B. cinerea infection. As a result, a collection of 16 RING E3 ligases were identified among which
were known actors of stress signaling (such as AIP2) and pathogen responses (such as BOI). To
associate the transcriptional responses with the actual plant-pathogen interactions, we established
an image based high throughput phenotyping platform for the disease scoring. The method utilizes
PAM chlorophyll fluorescence to evaluate the infection size and severity in dissected Arabidopsis
leaves. Using this very sensitive approach, we identified novel susceptible and resistant E3 ligase
mutant lines against B. cinerea. The second part of this research aims to confirm the disease
association and address the molecular mechanisms by which these ubiquitin E3 ligases are involved
in the disease responses. To this end, we are identifying and functionally characterizing the molecular
networks of the five novel B. cinerea response E3 ligases. The identified protein-protein interactions
from TAP and yeast two-hybrid will be confirmed by functional assays between recombinant RING E3
ligases and their candidate substrates. Protein interaction techniques such as coimmunoprecipitation and in vitro enzymatic assays are used for functional analysis of the RING E3
ligase and substrate interactions. Novel data on the structure functional characterization of the
molecular networks will be presented.
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Plant pathogens challenge our efforts to maximize crop production due to their ability to rapidly
develop resistance to pesticides. Fungal biocontrol agents have become an important alternative to
chemical fungicides as a result of environmental concerns regarding conventional pesticides. The
complex mode of action of biocontrol agents reduces the likelihood that pathogens will develop
resistance to them. We recently isolated a unique, biologically active isolate of the epiphytic fungus
Pseudozyma aphidis. The P. aphidis isolated in our laboratory was found to secrete extracellular
metabolites that inhibit several plant pathogens in vitro. Application of P. aphidis spores on plants in
the greenhouse significantly reduced different pathogen infections. We demonstrated that P. aphidis
proliferates on infected plant leaves, suggesting that it may compete for space and nutrients with
plant pathogens. We also found that P. aphidis can activate an induced-resistance response in plants
in a SA-, JA/ET- and NPR1-independent manner. Moreover, P. aphidis activated microbe-associated
molecular pattern (MAMP)-triggered immunity (MTI) marker genes in Arabidopsis leaves, but
suppressed the subsequent MAMP-triggered callose deposition. P. aphidis also suppressed the
callose deposition elicited by other MAMPs (e.g. Flg22 and chitin). We suggest that P. aphidis
suppresses MAMP-elicited callose deposition to enable its establishment on the plant surface, while
priming the plant's local and systemic defense response to act against pathogens.
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Radish (Raphanus sativus) is a widely grown root vegetable in the world. Quantitative RT-PCR (RTqPCR) is used commonly to evaluate quantitative gene expression in many model plants and crop
species. For accurate normalization of target gene expression with valid RT-qPCR analysis, an
appropriate internal control was selected for radish (Raphanus sativus L.). In the present study,
expression profiles of 20 candidates reference genes (GSNOR1, YPR, DSS1, GADPH, Actin2/7, RPII,
TEF2, TUA, TUB, UBC9, UP2, 18SrRNA, MYB28, MYB29, ATK1, MER3/RCK, TTN8, PAL, CHS, ANS) were
determined for transcript stability analysis by RT-qPCR of complementary DNA from leaf tissues of
radish plants infected with Turnip mosaic virus (TuMV). Stability of gene expression was analyzed in
parallel by five reference-gene expression programs : ΔCt, geNorm, NormFinder, Best Keeper, and
RefFinder. Statistical analysis showed that EF1b, 18srRNA, and RPII genes were the most stable
overall, and that the combination of these three genes was sufficient for accurate normalization.
Additionally, the stability of EF1b, 18srRNA, and RPII genes as reference genes were illustrated by
defense response genes examined to compare their relative changes in gene expression caused by
TuMV. These results will provide important information for selecting target reference genes in radish
infected with different crucifer-infecting viruses.
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RNase L inhibitor proteins (RLIs) are highly conserved in eukaryotes and archaea, and are involved in
regulating mammal defense against viruses by modulating RNase L activity. However, no typical
RNase L proteins can be found in plants, and functions of plant RLIs remain largely unknown. This
study aimed to study roles of plant RLIs in plant responses to biotic and abiotic stresses. Our study
shows that the plant RLIs share highly significant sequence homology with orthologs in human and
yeast, and tomato RLI (SlRLI) is identical to Nicotiana benthamiana RLI. SlRLI and Arabidopsis RLI2
(AtRLI2) are constitutively expressed in various tissues, and their expression is not drastically altered
after treatments of plant stress hormones and pathogens. AtRLI2 predominantly localized in nucleus,
while SlRLI distributed as cytosolic foci but not localized in mitochondria, peroxisome or nucleus. Our
functional genetic analyses reveal that a tight regulation of RLI expression is important for proper
plant growth and development, and that RLIs play a negative role in the defense responses against
bacterial wilt, bacterial soft rot, oxidative stress, drought and salinity via repressing salicylic acid,
jasmonic acid, ethylene and ROS scavenging signaling pathways. Moreover, although AtRLI2 was
previously reported to be an endogenous suppressor of RNA silencing, our results do not support a
role of AtRLI2 and SlRLI in suppressing RNA silencing. These studies together evidence that plants
RLIs are important negative regulators in stress defense responses, and may be the hub of plant
growth and development and stress responses.
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Defense priming regulation via DNA methylation in Arabidopsis thaliana
Defense priming rapidly activate defense systems in response to biotic and abiotic stress factors. In
primed plants, transcriptional potentiation mediates the rapid induction of defense-related genes.
Although DNA methylation has been found to regulate transcriptional potentiation, it is unclear
which genes are methylated during defense priming. Here, we identified DECREASED DNA
METHYLATION 1 (DDM1) as the DNA methylation factor that affects defense priming in Arabidopsis
thaliana. An integrative analysis of bisulfite sequencing and gene expression data from wild-type and
DDM1 knockout plants showed that a decrease in gene body CG-methylation led to the
transcriptional potentiation of defense-related genes. Our results demonstrate that gene body CGmethylation serves as a fundamental regulator of transcriptional potentiation during defense
priming.
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Rhamnolipids (RLs) are amphiphilic molecules secreted by bacteria, including Pseudomonas and
Burkholderia species. In the last few years, we have shown that RLs secretome (RLse) from P.
aeruginosa are perceived as MAMPs (Microbe-Associated Molecular Patterns) by grapevine and
Arabidopsis stimulating plant innate immunity (Varnier et al., 2009; Sanchez et al., 2012). RLse induce
early immunity-related signalling events in grapevine, such as calcium influx, extracellular reactive
oxygen species (ROS) production and mitogen-associated protein (MAP) Kinases phosphorylation
followed by late defense responses including defense gene activation (Varnier et al., 2009). Although
late immune responses have been characterized in Arabidopsis, early immunity-related signalling
events triggered by RLse perception remains largely unknown in this plant.
Here we show that RLs secretome (RLse) from P. aeruginosa applied to Arabidopsis leaves induces
two distinct and independent immunity-related signalling pathways. The first one includes calcium
influx, early extracellular ROS production, and MAP Kinases 3 and 6 activation. The second one is
characterized by late and long-lasting ROS production and cell death. These immunity-related events
precede defence-related genes activation and the induction of a local resistance against
hemibiotrophic and necrotrophic pathogens. In this work we will present the in-depth
characterization of the molecular mechanisms involved in RLse-triggered Arabidopsis immunity.
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Sugars produced during photosynthesis are an essential component of plant nutrition. Precise
regulation of their synthesis, breakdown and transport to particular sites within the body of a plant is
necessary to maintain its integrity and function over time. It has been shown that biotrophic
pathogens have developed mechanisms enabling them to divert plant nutrition towards pathogen
feeding sites. Here we describe how the biotrophic root pathogen Plasmodiophora brassicae
acquires host sugars by stimulating phloem differentiation as well as the expression of phloem
specific sucrose transporters at the site of infection. Using FTIR microspectroscopy we have
generated a map of carbohydrate distribution in developing clubroot galls. We have also
characterised how disruption of this phloem development and sugar transport reprogramming
influences the host and the behaviour of the pathogen. In particular we focus on the dependence of
the pathogen’s performance on its capacity to induce a phloem sink at the feeding site.
Taken together, our data reveal the complex character of pathogen-driven carbohydrate allocation
change based on developmental reprogramming of phloem mediated transport and local increase in
sucrose availability at the site of infection.
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Stress adaptation and translational regulation was studied using noxy7 (non-responding to oxylipins7)
from a series of Arabidopsis thaliana mutants. We identified the noxy7 mutation in At1g64790, which
encodes a homolog of the yeast translational regulator GENERAL CONTROL NON-DEREPRESSIBLE1
(GCN1). Yeast GCN1 functions as a scaffold to bind the ABC protein GCN20 and the kinase GCN2,
which upon activation phosphorylates the α subunit of the translation initiation factor eIF2 (P-eIF2α)
to facilitate stress adaptation by inhibiting protein synthesis. This regulatory circuit is conserved in
yeast and mammals, although its role in plants is still controversial. Our studies with Arabidopsis
mutants showed that GCN1 and GCN2 mediate P-eIF2α formation in response to different stresses
that inhibit protein synthesis but, unlike in yeast, the Arabidopsis GCN20 homolog was not required
for this process. In these responses P-eIF2α formation did not cause the observed protein synthesis
inhibition. Phenotypic analyses nonetheless showed that GCN1 and GCN2 promote adaptation to
amino acid deprivation, suggesting that plant P-eIF2α may affect translation of specific stressresponsive messengers. Additional evidence indicated that GCN1 but not GCN2 regulates activation
of plant immunity against Pseudomonas syringae pv tomato (Pst), adaptation to mitochondrial
dysfunction and to high boron concentration. In these responses GCN1 acts with GCN20 to regulate
translation, independently of GCN2 and P-eIF2α. We thus propose that plant GCN1 and GCN20
integrate a non-canonical pathway to control protein synthesis in response to biotic and
mitochondrial stress, and suggest the lesser functional relevance of GCN2 and P-eIF2α in plants
relative to other eukaryotes.
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Receptor-like kinases (RLK) characterized by the presence of one or more lysin motifs (LysM-RLKs, or
LYKs), mediate the recognition of microbial symbionts and pathogens in plants. The Arabidopsis
thaliana genome encodes five LYKs (AtCERK1/AtLYK1 and AtLYK2 to 5); among them, CERK1, AtLYK4
and AtLYK5 are involved in the perception of fungal chitin, whereas AtLYK3 negatively regulates
defense responses. In this study we have characterized the function of AtLYK2, using a reverse
genetic approach. Knock-down atlyk2 mutants show unaltered basal resistance to the fungal
pathogen Botrytis cinerea, but fail to display increased resistance after pre-treatments with different
elicitors. Furthermore, atlyk2 plants are impaired in elicitor-primed enhancement of the expression
of defense genes during subsequent fungal infections or treatments with chitin. The molecular
mechanisms underlying priming of chitin responses are currently under investigation. AtLYK2
constitutively interacts with AtLYK5, suggesting that it has a role in the activation of the chitin
perception complex during priming.
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Plant-associated yeasts can function as plant pathogens or as beneficial microbes that promote
growth or immunity. The beneficial effect of yeasts on plant pathogen resistance has gained
attention recently; however, the mechanisms of yeast-induced immunity remain largely unclear.
Previously we isolated yeast species from wild Arabidopsis thaliana, among them several strains of
Protomyces, which are normally found only on Umbelliferae and Compositae family plants and
known to have a dual lifestyle as both plant pathogens and phyllosphere residents. Here we describe
a novel Protomyces species (Protomyces sp. strain 29), which may be adapted to a Brassicaceae host.
Our aim is to describe this strain as a new species, here tentatively named Protomyces arabidopsidis
(Pa), and to understand its adaptation to, and interaction with, arabidopsis. To define the identity of
Pa, we sequenced its genome and that of 6 well-characterized Protomyces species for comparison. A
phylogenetic tree with 1035 single-copy protein sequences improved the resolution of evolutionary
relationships within the Protomyces, demonstrating that Pa is well-distinguished from other species.
Candidate secreted effector proteins (CSEPs) genes are highly abundant in Protomyces genomes.
Orthologous cluster analysis indicated both a complement of novel CSEPs in Pa and the lack of CSEPs
found in species adapted to Umbelliferae and Compositae hosts, suggesting that Pa is adapted to
different plant host or novel lifestyle as compared to other Protomyces species. Protomyces are
thought to produce auxin and known to induce tumor symptoms on plants. Treatment of arabidopsis
with culture supernatant of Pa or other Protomyces resulted in the activation of auxin signaling.
Putative plant hormone biosynthesis pathways were analyzed in Protomyces genomes, confirming
the capability for auxin production. Pretreating arabidopsis with Pa enhanced resistance against
Botrytis. Preliminary qPCR results suggest Pa activates ethylene, jasmonate, camalexin, ABA and
auxin, but not salicylate and cytokinin, signaling pathways.
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Phyllosphere resident yeasts are important plant associated microbes, which can act as pathogens or
beneficial species that promote growth and immunity. Few arabidopsis associated yeasts are known,
prompting us to previously isolate a collection of phylloplane resident yeasts from wild arabidopsis
populations, including strains of Taphrina. Taphrina are early diverging ascomycetes and well known
as plant pathogens that produce plant hormones and cause plant tumors and leaf deformations,
mostly on woody plant hosts. Taphrina are dimorphic, thus have a dual “opportunistic” lifestyle
growing primarily as yeasts in the phylloplane, but invading and infecting plant tissues in its hyphal
form when conditions are favorable. Here we present work with an arabidopsis associated Taphrina
strain has been designated as strain M11 and is most similar to Taphrina tormetillae, which is
pathogenic on an herbaceous plant host. We aim to develop a model system for studying
arabidopsis interactions with Taphrina, with a focus on leaf deformations and Taphrina’s
opportunistic lifestyle. We aim to define M11 as a novel species potentially adapted to arabidopsis
and use the birch (Betula pendula) pathogen Taphrina betulina as a control for a Taphrina species,
for which arabidopsis is clearly a non-host. We have sequenced the M11 genome, analysis of this
data will be presented. We have taken a reverse genetics approach with known hormone and
immune signaling mutants of arabidopsis. Results will be presented from pathogenicity assays
measuring the induction of leaf shape changes, necrosis, and pigment changes after infection, as well
as immunity inducing activity screening assays.
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The colonization of land by plants is considered to be one of the most important turning points in the
history of evolution. Yet, these plants, attempting to invade land, are thought to have been very
attractive carbon sources for terrestrial microbes already present on land. To defend themselves,
plants evolved innate immune systems, and one of these, resembling encasements, was recognized
in fossil records of ~411 My-old Rhynie Chert petrified sporophytes. While encasements are reported
in response to a wide range of pathogens, little is known as to how this defense structure is formed.
Here we report that formation of the encasement requires the function of either of two closely
related syntaxins of the SYP120 clade (PEN1 and SYP122). The SYP120 clade first appears in land
plants and could represent a specialization of plasma membrane fusion tasks required for the
colonization of land. In support of this, genes of the SYP120 clade from Marchantia polymorpha, a
member of a basal land plant lineage, are able to cover for the loss of PEN1/SYP122 in Arabidopsis.
We hypothesize that plasma membrane syntaxin gene duplications and subsequent evolution of
specific functions, allowed for early land plants to invent the SYP120 clade mediating an effective,
and lasting, defense response mechanism against attacking filamentous pathogens.
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One of the best-studied aspects of plant response to pathogen attack is the perception of pathogenassociated molecular patterns (PAMPs) and damage-associated molecular patterns (DAMPs) by
plasma membrane-localized pattern recognition receptors (PRRs). While transcriptional responses to
PAMPs/DAMPs have often been studied individually, it remains unknown whether plant cells
differentiate the origin or nature of the perceived PAMPs/DAMPs, and what the master regulators of
major, rapid immune transcriptional changes are. To address these questions, we have undertaken a
transcriptomics study focusing on early timepoints, using a panel of PAMPs/DAMPs selected to
represent a diversity of molecular makeup, originating organism, and corresponding PRR class. This
has revealed a large set of genes induced rapidly by all assayed PAMP/DAMPs, most but not all of
which are also induced by multiple abiotic stresses. The focus on an early timecourse has also
revealed a cohort of genes induced extremely rapidly, with several-fold induction as early as five
minutes post-elicitation. Many of these early-responsive genes are transcription factors, also
implicated by gene regulatory network analysis to have regulatory roles in PAMP/DAMP
transcriptional responses. Finally, some genes induced commonly by multiple elicitors nevertheless
show elicitor-specific kinetics of response. Thus, combining a panel of elicitors with an early-focused
time series has revealed genes responsive specifically to PRR signalling, implicated new transcription
factors in regulation of PAMP/DAMP response, and suggested PAMP/DAMP-specific differences in
both identity and pattern of gene expression.
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Autophagy is a conserved intracellular degradation pathway and has emerged as key mechanism of
the antiviral immune response in metazoans, including the selective elimination of viruses and their
individual components. Several animal viruses are able to antagonize this antiviral “xenophagy” and
suppress or even hijack autophagic processes for enhanced pathogenicity. Whether host autophagic
responses and viral countermeasures have similar functions during plant virus infection is poorly
understood. By combining genetic, cell biological, and proteomic approaches, we have analysed the
role of autophagy during the compatible interaction of two unrelated DNA and RNA viruses with
Arabidopsis thaliana. We found that the autophagy cargo receptor NBR1 mediates the degradation
of non-assembled capsid proteins and entire particles of cauliflower mosaic virus (CaMV), a doublestranded DNA pararetrovirus, thereby restricting the establishment of infection. Intriguingly, the
CaMV-induced formation of autophagy-resistant viral inclusions and the recruitment of host kinesinlike proteins seem to protect viral particles from xenophagic destruction. Furthermore, we
demonstrate that NBR1 suppresses infection with turnip mosaic virus, a single-stranded RNA
potyvirus, by targeting the viral RNA silencing suppressor HCpro. As counterdefence, TuMV has
apparently evolved distinct viral proteins that block NBR1 flux and thus limit the antiviral autophagic
capacity. Finally, we found that NBR1-independent autophagy prevents premature cell death during
CaMV and TuMV infection and serves as proviral mechanism to extend the timespan for virus
production. Together, our results provide evidence for the integration of selective autophagy into
plant immunity against viruses and reveal potential viral strategies to escape, suppress, or adapt
autophagic processes for successful pathogenesis.
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The soil-borne, biotrophic plant pathogen Plasmodiophora brassicae, which causes clubroot disease
in Brassicas, is responsible for significant losses in global oilseed rape harvests. P. brassicae is an
obligate intracellular pathogen which manipulates host developmental programmes to form galls. In
Arabidopsis, clubroot gall development in the roots and hypocotyls of infected plants involves an
initial phase of host cell proliferation followed by an expansive phase characterised by the
development of giant cells filled with plasmodia. This secondary phase is associated with
endoreduplication and increases in host ploidy levels. Using RNA-Seq and microarrays we have
profiled the transcriptome of Arabidopsis at key time-points representative of these two phases.
Analysis of these data-sets aims to uncover the relationships between host transcription factors and
modules of co-regulated genes that characterise different aspects of the response to infection, such
as the changes to cell-cycle control and developmental programs governing the increased phloem
formation and reduction in xylogenesis observed during infection. For genes significantly
differentially expressed in response to P. brassicae we have made a co-expression analysis by
combining our results with public gene expression data-sets. Using available ChIP-Seq and DAP-Seq
data we have attempted to identify potential regulatory interactions enriched in different clusters of
co-expressed genes. Examples of transcriptional regulators important for clubroot gall formation
include MYB3R4 and E2Fa, members of the DREAM complex which controls progression of the cell
cycle.
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Plants defend themselves from pathogens with their well elaborated immune system. All plants
possess basal defense which is induced upon recognition of evolutionary conserved molecular
patterns. In addition, certain plant-pathogen combinations trigger a strong immune response based
on the recognition of effector molecules. A balanced trade-off between development and defense is
critical for survival and optimal reproductive output for a plant. Plants recruit sets of positive and
negative regulators for fine tuning the balance. Reported negative regulators of defense mostly
involve in modulating defense hormone biosynthesis and signaling. By analysing pathogen induced
Arabidopsis transcriptome profile, we identified a Polycomb Repressive Complex 2 (PRC2) member,
which named here as POLYCOMB REPRESSOR FOR DISEASE 1 (PRD1). Along with other PRC2 complex
subunits, it silences the target genes through repressive histone modification. Here we report a novel
mechanism for defense response attenuation, mediated by the PRD1 in Arabidopsis. Pathogenesisinduced expression of PRD1 is associated with enhanced accumulation of H3K4me3. PRD1 overexpression plants are susceptible to bacterial pathogen Pst, Pst-AvrRpt2 and fungal pathogen Botrytis
cinerea whereas mutant plants are resistant to pathogens. Through tanscriptome analysis we
identified RPS2, which provides resistance against AvrRpt2 in gene-for-gene interaction, as a target of
PRD1. PRD1 overexpression plants have reduced basal and pathogen induced expression of RPS2
which is down regulated in prd1. Chromatin immunoprecipitation (ChIP) experiment shows that
PRD1 physically binds at RPS2 promoter and suppresses its expression by enhancing accumulation of
H3K27me3, a repressive chromatin modification at RPS2 locus. By screening of Arabidopsis cDNA
library using PRD1 as bait in a yeast-2-hybrid assay, we identified Drought induced 19 (Di19), a
transcription factor that interacts with PRD1 and recruits it at RPS2 promoter. The results revealed a
novel mechanism of defense response attenuation in plants.
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Plants defend themselves against microbial pathogens by two distinct layers of immunity. In the first
immune layer, plasma membrane localized pattern recognition receptors recognize evolutionary
stable and conserved molecular structures of pathogens. These receptors initiate immunity signaling
which, through different post translational modifications and activation of transcription factors, leads
to transcriptional and translational reprogramming. As a result, pathogen growth and colonization of
the plant apoplast is restricted. Some pathogens have evolved effector molecules that are injected
into the plant cell and target key proteins in immunity signaling. Thus, effectors attenuate and
interfere with signaling and promote pathogen growth. To counter this attack, plants have evolved
receptors for many effectors. These receptors form a second layer of immunity called effector
triggered immunity. As the activation of immunity uses the same metabolic resources as growth and
reproduction, it is essential to activate defense responses only when needed. Without induction by
pathogens, these responses are actively repressed.
Poly(A)-binding proteins (PABPs) form a well-conserved protein family in eukaryotes. As the name
suggests, they bind the poly(A)-tail of messenger RNA (mRNA) and regulate translation as well as
mRNA stability and transport. PABPs have undergone diversification and expansion during plant
evolution resulting in varying numbers of genes and families in different plant lines. In the model
plant Arabidopsis thaliana, there are eight PABPs in three families grouped by sequence similarity
and expression profiles in different tissues and developmental stages.
Here we present that ubiquitously expressed class II PABPs (PAB2, -4 and -8) function as negative
regulators in innate immunity in Arabidopsis. Double knockout mutants show smaller size than wild
type, enhanced resistance to bacterial pathogens and increased salicylic acid accumulation, all hall
mark phenotypes of constitutively active defense mutants.
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The first layer of plant immunity is mediated by the recognition of conserved microbial features
known as pathogen-associated molecular patterns (PAMPs) by plasma membrane-localized pattern
recognition receptors (PRRs). It leads to PAMP-triggered immunity (PTI) that restricts the
multiplication of most potential pathogens. An immediate downstream substrate of activated PRR
complexes is the cytoplasmic kinase BIK1, which regulates PTI signalling triggered by several PAMPs.
However, the BIK1 downstream targets are mostly unknown. Here, we report the identification and
characterization of an E3 ubiquitin ligase, named CBSP36, as a novel candidate BIK1 substrate protein
(CBSP). CBSP36 is part of a dynamic complex with the PRRs FLS2 and EFR and their co-receptor BAK1,
and it interacts with and is phosphorylated by BIK1. Our genetic data suggest that CBSP36 acts as a
positive regulator of PTI triggered by multiple PAMPs. These data suggest that CBSP36 may either
poly-ubiquitinate negative regulator(s) of PTI leading to its/their subsequent proteasomal
degradation, or, alternatively, that it may activate positive regulator(s) of PTI through different type
of ubiquitination marks. We will present these data, as well as our efforts to identify CBSP36
substrates, and to understand the role of BIK1-mediated phosphorylation on CBSP36 function during
plant immunity.
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[P100] PMCK1 ASSOCIATES WITH FLS2 TO REGULATE PLANT INNATE IMMUNITY
Yunhe Jiang1, Baoda Han1, Kiruthiga Mariappan1, Heribert Hirt1
1
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The first layer in plant innate immunity is the recognition of pathogen-associated molecular patterns
(PAMPs) such as bacterial flagellin or fungal chitin by cell-surface pattern-recognition receptors
(PRRs). In Arabidopsis, flg22, a synthetic 22-amino acid flagellin peptide, is perceived by the PRR
complex FLAGELLIN-SENSING 2 (FLS2) together with BRI1-ASSOCIATED RECEPTOR KINASE 1 (BAK1)
which ultimately activates a signaling cascade resulting in the establishment of PAMP-triggered
immunity (PTI). Here, we show that the plasma membrane/cytoplasmic kinase 1 (PMCK1) associates
with FLS2 to regulate plant innate immunity. PMCK1 is an active kinase and localizes to the cytosol
and plasma membrane. PMCK1 physically interacts with FLS2 and the association is not altered upon
flg22 treatment. The flg22-induced reactive oxygen species (ROS) production is decreased in pmck1
plants, and the flg22-induced expression of the PTI marker gene FRK1 is also affected in pmck1
plants, indicating that PMCK1 regulates flg22 triggered immunity response. Consistently, global
transcriptome analysis by RNA sequencing shows that the overall response to flg22 is decreased in
pmck1. Furthermore, pmck1 plants show enhanced susceptibility to Pst DC3000 hrcC. Taken
together, PMCK1 associates with FLS2 and positively regulates PTI.
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[P101] SPATIALLY RESOLVED TRANSCRIPTOMICS REVEALS PLANT HOST RESPONSES TO PATHOGENS
AND PESTS
Michael Giolai1 2, Walter Verweij2 3, Ashleigh Lister2, Sam Mugford1, Iain Macaulay2, Matthew D.
Clark4, Saskia Hogenhout1
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3
Enza Zaden, Enkhuizen, Netherlands
4
Natural History Museum, United Kingdom
Plants lack the ability to remove themselves from biotic attack. Instead they defend themselves using
chemical and cellular responses and by disseminating this response within an entire leaf and
systemically throughout the plant. The plant defence responses can involve dramatic changes in gene
expressions levels, which drive, and then maintain, the plant defence responses. To date, detailed
molecular analysis of biotic responses have been investigated at the gross scale e.g. whole plant or
leaf, due to the amounts of tissues required for many assays e.g. typical gene expression profiling
experiment may involve bathing entire leaves or infiltrating areas of leaves with an eliciting agent,
such as bacterial peptide epitopes. Such experiments may only give a general insight in what is
actually happening during an attack of a pathogen or pest. We hypothesised that plants fine tune
their defence responses depending on the level of attack and that layers of gene expression changes
(with multiple checkpoints) are necessary to maximise the immune response. The defence responses
are therefore likely spatially and temporally regulated. Thus to fully dissect mechanisms involved in
plant defence responses to biotic attack, higher spatial resolution of gene expression profiles are
required. While this is technically challenging, recent progress has been made in obtaining high
quality gene expression profiles from minute amounts of material. By combining LOw RNA-Input
Sequencing (LORIS) technology with careful microscopic tissue dissection it is possible to obtain two
dimensional maps of gene expression changes throughout a tissue e.g. a single leaf, which can be
treated as a 2D structure for modelling purposes.
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[P102] MECHANISMS OF INSECT EGG-INDUCED CELL DEATH: EVIDENCE FOR AN INVOLVEMENT OF
SPHINGOLIPIDS
Raphaël Groux1, Esteban Alfonso1, Laetitia Fouillen2, Caroline Gouhier-Darimont1, Sébastien
Mongrand2, Philippe Reymond1
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In Brassicaceae, oviposition by Pieris brassicae butterfly induces cell death similar to the response
triggered after detection of adapted pathogens, a process called hypersensitive-like response (HRlike). Egg survival is decreased on plants expressing HR-like symptoms and this response may thus
constitute a direct defense against insect eggs. In addition, Arabidopsis thaliana and Brassica nigra
accumulate salicylic acid (SA) and activate a response similar to pathogen-triggered immunity (PTI)
upon egg perception. However, the molecular basis of egg-induced cell death remains largely
unknown.
We observed a large transcriptional reprogramming of lipid metabolism after oviposition on
Arabidopsis, including genes involved in sphingolipid metabolism. Quantification of cell death on
various sphingolipid mutants revealed that ceramide synthesis and modification, two early steps of
sphingolipid metabolism, are important for induction of HR-like. Interestingly, mutants of ceramide
synthases displayed reduced cell death, but retained wild-type levels of reactive oxygen species
(ROS) and defense marker gene expression after egg-extract treatment, suggesting that sphingolipids
act as cell death executors and not as signaling mediators. Sphingolipidomic profiling showed that
levels of C16-ceramides, previously identified as cell death inducing molecules, increase in response
to egg-extract treatment and that this effect is independent on SA accumulation. Similar results were
obtained with B. nigra, indicating that sphingolipids may play a role in this more ecologically relevant
species during oviposition-induced cell death. Finally, we found that the contribution of individual
sphingolipid-related genes in response to insect eggs is different from other biotic interactions.
Collectively, these results clearly indicate a role for sphingolipids during oviposition-induced cell
death.
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[P103] INSECT EGGS REDUCE BOTRYTIS CINEREA INFECTION IN ARABIDOPSIS THALIANA
Esteban Alfonso1, Gaëtan Glauser2, Philippe Reymond1
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Although insect eggs look harmless, they constitute a real threat for the plant as they will develop
into feeding larvae and cause important damages. In Arabidopsis thaliana, oviposition by the Large
White butterfly Pieris brassicae induces expression of defence genes and accumulation of salicylic
acid (SA), which is usually produced to fend off bacterial pathogens rather than herbivorous insects.
Previous work showed that natural oviposition by P. brassicae or treatment with egg extract (EE)
reduce growth of different Pseudomonas syringae strains through activation of a systemic acquired
resistance (SAR).
We found that EE-induced SAR is also effective against the necrotrophic fungus Botrytis cinerea. This
response depends on SA accumulation and signalling, and involves the SAR mobile signal pipecolic
acid. EE-induced SAR is compromised in the cyp79B2 cyp79B3 double mutant, which lacks tryptophan
(Trp)-derived indole metabolites, suggesting an important role for one or several of these molecules.
Indeed, indole-3-carboxylic acid (ICA) accumulates locally and systemically in leaves upon EE
treatment and inhibits B. cinerea growth in vitro., suggesting that ICA is a mediator of EE-induced SAR
and a novel defence metabolite against necrotrophic pathogens. These findings extend the range of
EE-induced SAR responses and unveil a novel mechanism deployed in such defence responses.
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[P104] GAINING STRUCTURAL INSIGHTS INTO THE FUNCTIONING OF THE RRS1-RPS4 IMMUNE RECEPTOR
COMPLEX
Hannah Brown1, Yan Ma1, Pingtao Ding1, Richard Hughes2, Mark Banfield2, Jonathan Jones1
1
The Sainsbury Laboratory, United Kingdom
2
John Innes Centre, Biochemistry Department, United Kingdom
Pathogens can establish infection in their host plant tissue through the secretion of an arsenal of effector
proteins. These effectors however are themselves susceptible to molecular detection by plant immune
receptors termed NLRs (Nucleotide-binding leucine-rich repeat proteins). Though the first NLR was cloned over
20 years ago, our understanding of how these receptors function on a mechanistic level still remains
rudimentary. Using the Arabidopsis paired NLRs RRS1 and RPS4 as a model, we aim to gain a mechanistic
insight into the functioning of the proteins utilising structural and quantitative biochemical techniques such as
crystallography and SPR (surface plasmon resonance). RRS1 and RPS4 are both genetically required and work in
a protein complex to perceive a variety of pathogen effector proteins, including the WRKY transcription factor
targeting AvrRps4 from Pseudomonas and PopP2 from Ralstonia.
Previous work in the Jones lab has shown the requirement of RRS1’s integrated WRKY domain for effector
perception. We are now working to understand the structural basis of RRS1’s recognition of the effector
AvrRps4 via its integrated WRKY domain by obtaining a crystal structure of this NLR-effector interface. We will
then compare this effector-RRS1 interface with the published structure of RRS1’s WRKY domain in complex
with PopP2, to examine how a single NLR can recognize structurally distinct effectors.
To investigate how the RRS1 and RPS4 complex changes upon effector perception in the native Arabidopsis
system, we developed Arabidopsis lines overexpressing RRS1 and RPS4. We are now using these lines to purify
full length RRS1 and RPS4 and investigate dynamics of the complex pre and post-activation. Such
understanding would provide valuable insights for the potential future engineering of synthetic NLRs with
extended pathogen recognition capabilities.

Yes

237

[P105] PRE-COAT PROTEIN OF CHILLI LEAF CURL VIRUS TRAVELS THROUGH HOST ENDOMEMBRANE
SYSTEM AND TARGETED BY ER-DERIVED DEGRADASOME
Nirbhay Kumar Kushwaha1
1
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Chilli leaf curl virus (ChiLCV) is a monopartite begomovirus (Geminivirideae) and infects chilli
at several locations in India. Pre-coat protein (V2) of geminiviruses is a late gene product of
approximately 13 kDa that plays a crucial role during establishment of successful infection
and is known to be involved in viral transport, suppression of host defence. The pathway
and mechanism of V2 trafficking through sub-cellular organelles are largely unknown. We
performed a series of experiments to track ChiLCV V2 protein at cellular and subcellular
level using Nicotiana benthamiana leaf epidermal cells through confocal microscopy. V2
protein was observed in the endosomes and found to be localized on the plasma
membrane, endoplasmic reticulum (ER), golgi bodies (GB) and in the nucleus. Our results
also demonstrated endosome mediated V2 trafficking between subcellular organelles and
plasma membrane. We developed V21-49 deletion mutant and performed the localization
assays that showed association of V21-49 with the plasma membrane, ER and Golgi bodies
and nuclear membrane but absent in the nucleus. Our results also confirmed accumulation
of the V21-49 protein in multi vesicular structures and cytoplasmic aggregates that are
produced through ER and GB system. We also report co-localization of V2 protein with
plasmodesmata localization protein 1 (PDLP1) on the plasmodesmata that was further
confirmed with callose assay. The current study provides a series of evidences that
suggested pre-coat protein of ChiLCV exploits host endocytic and ER-GB pathways and
transported to the plasmodesmata. Ability of the V2 protein to form a movement
competent complex with host factor will be discussed.
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[P106] INVESTIGATION INTO THE ROLE OF BETA CARBONIC ANHYDRASE 2 OF BIENERTIA
SINUSPERSICI
Nakyoung Lee1, MADHU KUMARI1, Inhwan Hwang1
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Carbonic anhydrases (CAs) are ubiquitous enzymes that catalyze the conversion between CO2 and
HCO3⁻ in nature. They are divided into multiple families and especially higher plants have 3 distinct
families called αCAs, βCAs and γCAs. Among them βCAs have been deeply studied in plants. βCAs
play essential roles not only in the CO2-concentrating mechanisms (CCM) in the cytoplasm of C4
plants to elevate carbon source inside the cell for efficient photosynthesis but also in many
biochemical reactions in plant metabolisms. Here, we are studying the physiological role of βCAs in
Bienertia sinuspersici which operates a single-cell C4 (SCC4) system during photosynthesis without
kranz anatomy. We identified two isoforms of βCAs in Bienertia and they were strongly induced with
maturation of leaves. To figure out the physiological role of these βCAs in Bienertia, we determined
their subcellular localization using GFP fusion forms. BsCAHβ2-sGFP was localized to the plasma
membrane (PM) in both Bienertia and Arabidopsis whereas BsCAHβ1-sGFP localized to the cytosol in
both plants. BsCAHβ2 was localized to the PM via palmitoylation, one of the post-translational
modifications. To investigate the physiological role of BsCAHβ2, it was overexpressed in Arabidopsis.
The transgenic plants overexpressing BsCAHβ2 showed growth retardation and perturbation in
cellular pH. Thus, one possibility is that Bienertia uses PM-localized BsCAHβ2 to capture CO2 as a part
of CCM. However, high levels of BsCAHβ2 at the PM in Arabidopsis, a C₃ plant, appeared to be
detrimental for plant growth due to perturbation of cellular pH.
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[P107] A COST-EFFECTIVE AND HIGH STANDARD PURIFICATION APPROACH FOR THE PRODUCTION
OF BIOACTIVE RECOMBINANT HUMAN INTERLEUKIN-6 IN NICOTIANA BENTHAMIANA
Reyazul Islam1, Inhwan Hwang1
1
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A great deal of advance has been made in production of recombinant proteins in plants. However,
pharmaceutically important recombinant proteins produced in plants are still limited in the market.
To make this approach to be more generally applicable and widely used, many new technologies
should be developed that include a method of the cost-effective and efficient purification. Affinity
tags are a convenient tool for protein purification. However, the affinity tag in the recombinant
protein is undesirable for many applications. Here, we developed an efficient and cost-effective
system for purification of recombinant protein in plants and tag-removal technology through
proteolytic approach. We combined two unique properties in a single system; (1) the family 3
cellulose binding domain (CBM3) as an affinity tag that binds on a low-cost, biodegradable
amorphous cellulose (AMC); and (2) incorporation of a site-specific protease recognition module,
small ubiquitin-related modifier (bdSUMO) fusion at the N-terminus of recombinant protein, and
effectively optimized protein purification and tag-removal system on matrix-bound stage. Using this
method, the recombinant human interleukin-6 (hIL6) was purified from transiently expressed N.
benthamiana via affinity purification on AMC, followed by size-exclusion chromatography column
chromatography, yielding highly pure hIL6 about 18.49 mg/kg fresh leaf weight (FLW). Subsequently,
the endotoxin contents in purified hIL6 evaluated by Limulus amebocyte lysate (LAL) test and
detected significantly low to 0.2 EU/μg (0.02 ng/mL). Finally, the biological activity of hIL6 was
verified by activation of Janus-activated Kinase (JAK) signaling pathways in human LNCaP cells.
Together, this new approach offers a cost-effective and the highest standard protein purification in
plants.
Keywords: Human interleukin-6, plant-made recombinant protein, Nicotiana benthamiana, cellulose
binding domain, proteolytic tag-removal, bdSUMO, bdSENP1.
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[P108] DYNAMIC CRK2 PROTEIN LOCALIZATION REGULATES CALLOSE DEPOSITION AND
PLASMODESMAL PERMEABILITY DURING SALT STRESS IN ARABIDOPSIS THALIANA.
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The receptor-like protein kinases (RLKs) are a highly expanded family of transmembrane proteins in
plants and are largely responsible for communication between cells and the extracellular
environment. Cysteine-rich receptor-like kinases (CRKs) represent a subgroup of RLKs, defined by a
conserved pattern of cysteines in their extracellular domain. Based on their expression profile, lossof-function phenotypes, and the potential for redox regulation, CRKs are promising signalling
candidates for both biotic and abiotic stress responsive pathways. High soil salinity is becoming
increasingly problematic in agriculture, with estimates assigning one third of the agricultural land
affected. In order to develop crops that can tolerate such conditions, it is first necessary to
understand the mechanisms of salt stress responses and tolerance, much of which remains unknown
on the cellular level.
Here we have shown that CRK2 is required for salt tolerance at the germination stage in Arabidopsis
thaliana. A proteomics screen for CRK2 interactions revealed callose synthases as interesting
candidates. We showed that there are significant differences in basal callose deposition between
wild type, crk2 mutant, and CRK2 overexpressing lines, and this correlates with differences in
plasmodesmal permeability. Plants lacking a functional CRK2 protein have a reduced callose
deposition response to salt treatment. Using fluorescently tagged proteins we observed a change in
CRK2 localization in response to salt treatment, from the plasma membrane to distinct spots
resembling plasmodesmata. This re-localization is calcium dependent and requires an active kinase
domain, however respiratory burst oxidase homologs (RBOHs) activation and ROS production is not
required. Rather, it appears likely to be dependent on phospholipase D (PLD) regulated membrane
and cytoskeletal dynamics.
Thus we propose that CRK2 acts downstream of PLD during salt stress to promote callose deposition
and regulate plasmodesmata permeability, and that CRK2 adopts specific stress-dependent
subcellular localization patterns in order to carry out its functions.
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[P109] A PROTEOMIC APPROACH TO MODULATORS FOR PIN FORMED (PIN) TRAFFICKING
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The subcellularpolarity of PIN auxin efflux carriers is important to form local auxin gradients and to
mediate plant growth and organogenesis. Several protein kinases/phosphatases have been known to
modulate intracellular PINs trafficking. To expand the scope of PIN polarity regulation, we took
advantage of the proteomic tool to find the modulators that directly interact with PINs and affect
their trafficking and plant development. First, we used the bacteria-expressed central hydrophilic
loops (HL) of 3 different PINs as baits to pull out their interacting proteins (PIPs) from whole
Arabidopsis seedling proteins. Next, PIPs, differentially displayed on SDS-PAGE, were analyzed by
mass spectrometry to identify the proteins and genes. These putative PIPs include protein kinases,
GTPase, protein-interacting protein, etc. These PIP candidates interacted with PINs-HL in yeast 2hybrid and in vitro pull-down assays. Intracellular PIN trafficking and plant development were
considerably changed in the loss-of-function PIP mutant backgrounds. Thisapproachreveals novel
modulators that regulate intracellular PIN trafficking and auxin-mediated plant development.
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[P110] A LIGNIN MOLECULAR BRACE CONTROLS PRECISION PROCESSING OF CELL WALLS CRITICAL
FOR SURFACE INTEGRITY IN ARABIDOPSIS
Yuree Lee1, Taek Han Yoon1, Jiyoun Lee1, So Yeon Jeon1, Mi Kyoung Lee1, Jae Ho Lee1, Huize Chen1, Ju
Yun1, Se Yun Oh1, Xiaohong Wen2, Hui Kyung Cho1, Hyunggon Mang1, June M. Kwak1 2
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The cell wall, a defining feature of plants, provides a rigid structure critical for bonding cells together.
To overcome this physical constraint, plants must process cell wall linkages during growth and
development. However, little is known about the mechanism guiding cell-cell detachment and cell
wall remodeling. Here, we identify two neighboring cell types in Arabidopsis that coordinate their
activities to control cell wall processing, thereby ensuring precise abscission to discard organs. One
cell type produces a honeycomb structure of lignin, which acts as a mechanical ‘brace’ to localize cell
wall breakdown and spatially limit abscising cells. The second cell type undergoes transdifferentiation
into epidermal cells, forming protective cuticle, demonstrating de novo specification of epidermal
cells, previously thought to be restricted to embryogenesis. Loss of the lignin brace leads to
inadequate cuticle formation, resulting in surface barrier defects and susceptible to infection.
Understanding the coordination between these two cell types will give a new insight to the
abscission processes, which will be further applied to understanding general mechanisms of cell wall
processing.
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[P111] IDENTIFICATION OF PEXOPHAGY-RELATED MUTANTS IN ARABIDOPSIS
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Peroxisome is a single membrane-bound organelle that is ubiquitously found in eukaryotic cells. Plant
peroxisomes are involved in wide range of cellular processes such as β-oxidation of fatty acids,
photorespiration and biosynthesis of phytohormones. Since peroxisomes produce hydrogen peroxide
in the course of their metabolism, peroxisomes must be damaged by this process. Therefore, a
quality control system that removes abnormal and toxic peroxisomes is important for maintaining
the optimal performance of plant cells. In recent our study, we reported that peroxisome
degradation via autophagy (pexophagy) is important for elimination of damaged peroxisomes.
However, the detailed mechanisms underlying these processes still need to be clarified. In order to
fully understand the molecular mechanisms of pexophagy in plants, we have isolated Arabidopsis
peroxisome unusual positioning (peup) mutants showing the peroxisome aggregation and the
increased peroxisome number. peup1, 2, 4 and 7 were defective in autophagy-related genes (ATGs).
In this presentation, we will show our recent study on newly identified peup mutants.
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[P112] EXOCYST COMPLEX EXO70 SUBUNITS AS A CRUCIAL COMPONENTS OF CELL POLARITY
ENGINES IN LAND PLANTS
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Within the endomembranes of eukaryots tethering factors provide a first specific recognition
interface between arriving vesicles and their target membrane. Exocyst is an octameric vesicle
tethering protein complex playing an important roles in targeting and docking of vesicles to the
plasma membrane during exocytosis and in membrane proteins recycling – at the interface between
membrane lipids and the cytoplasm. Exocyst was discovered in yeast as an effector of Rab and Rho
GTPases and in most eukaryotes including plants is required for targeting of the secretory pathway i.e. for cell polarity and cell morphogenesis. Using combination of genetic, cytology and biochemistry
approaches we described exocyst in plants; however, we also unexpectedly found that a version of
the exocyst with EXO7B1 subunit is involved in an autophagy-related membrane traffic to the
vacuole via a pathway bypassing the Golgi apparatus. Multiplicity of EXO70 paralogs encoded by land
plant genomes is a very peculiar feature obviously linked not only to different cells specific function,
but also linked to specific secretory processes within the same cell. Specific exocyst complexes
(based on distinct EXO70 isoforms) have multiple roles in land plants life. Exocyst in plants is implied
in regulation of cytokinesis, recycling of PM proteins (incl. PINs), cell wall biogenesis (e.g. seed coat
formation), pollen tube development and fertilization, stomata regulation, stress responses and
biotic interactions including defense against pathogens. Here we will report our new findings of
Arabidopsis exocyst functions and interactions in cell wall biogenesis and defence. Exocyst complexes
evolutionary dynamics in land plants – especially multiplication and functional specialization of
EXO70 isoforms - indicates its importance for the process of plant terrestrialization.
Acknowledgement: work is supported by the CSF/GACR-FWF projects GF 16-34887L, 18-18290J and
Czech Min. of Education/MSMT proj. NPUI LO1417.
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[P113] CHARACTERIZATION OF FILAMENT-FORMING CTP SYNTHASES FROM ARABIDOPSIS
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Cytidine triphosphate (CTP) is essential for DNA, RNA and phospholipid biosynthesis and de novo
synthesis is catalyzed by CTP synthases (CTPS). Arabidopsis encodes five CTPS isoforms which
unanimously share conserved motifs found across kingdoms suggesting all five are functional
enzymes. Whereas CTPS1 to 4 are expressed throughout Arabidopsis tissues, CTPS5 reveals exclusive
expression in developing embryos. CTPS activity and substrates affinities were determined for a
representative plant enzyme at the level of purified recombinant CTPS3 enzyme. The substrate
affinities for ATP (KM = 0.32 mM) and Gln (KM = 0.12 mM) were determined. UTP showed a sigmoidal
substrate dependency (K0.5 = 0.44 mM) and GTP was found to activate the enzyme up to 1 mM. A
maximal activity of 5.9 µmol mg-1 Protein h-1 was calculated which is slower than prokaryotic and
fungal enzymes
As demonstrated in model organisms such as Yeast, fruit fly and mammals, CTPS show the capacity
to assemble into large filaments called cytoophidia. Transient expression of N and C-terminal YFPCTPS fusion proteins in Nicotiana benthamiana allowed to monitor such filament formation.
Interestingly, CTPS1 and 2 always appeared as soluble proteins whereas filaments were observed for
CTPS3, 4 and 5 independent of the YFP-tag location. However, when similar constructs were
expressed in S. cerevisiae, no filaments were observed, pointing to a requirement for organism
specific factors in vivo. Functions of CTP synthase filament formation in plant development will be
discussed.
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Coordination of cell proliferation with differentiation is fundamental for plant growth and
development. As part of repressor complexes, E2FA maintains cell proliferation competence in the
meristem, while E2FC establishes quiescence in differentiated cells. Here we show that E2FB
constitutes switches that propel cells between these end points of development. In meristematic
cells E2FB is liberated from the repression of the RETINOBLASTOMA RELATED (RBR) and activates the
expression of cell cycle genes to drive cell proliferation. As cells progress towards differentiation, RBR
repression on E2FB transcriptional activity promotes cell-cycle exit of pavement cells, while in leaf
meristemoids the RBR-E2FB repressor complex is important to limit amplifying stem cell divisions. In
meristematic cells RBR abundance buffers against perturbations. As cells progress toward
differentiation, the RBR and E2FB levels decline and the switch to exit becomes sensitive to elevated
E2FB, leading to the re-entry of differentiated pavement cells into cell division. We further
demonstrate that E2FB but not E2FA is part of the DREAM complex, they have distinct functions, but
can compensate for each other`s function. The interconnection of E2Fs with diverse functions should
be pivotal to make plant growth and development robust yet flexible.
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[P115] THE PLASTIDIC PII PROTEIN: FUNCTIONAL AND PHYSIOLOGICAL CHARACTERIZATION
Natalie Krieger1 2, Karl Forchhammer1, Klaus Harter2, Üner Kolukisaoglu2
1
Interfaculty Institute of Microbiology and Infection Medicine Tübingen, Organismic Interactions
(Microbiology), Tübingen, Germany
2
Center for Plant Molecular Biology, Plant Physiology, Tübingen, Germany
Carbon and nitrogen balance plays a central role in plastid metabolism. The PII protein is a conserved
protein throughout evolution from bacteria to all green plants and plays a role in sensing of the
nitrogen and carbon balance as well as the energy status. PII positively activates the nitrogen
metabolism via interaction with the N-acetyl-L-glutamate kinase (NAGK) and is further interacting
with the biotin carboxyl carrier protein (BCCP), a subunit of the Acetyl-CoA carboxylase (ACCase),
leading to the inhibition of ACCase activity. Although PII is conserved throughout evolution, its
function in plants is not understood, yet. In Arabidopsis thaliana, two T-DNA insertion lines were
characterized up to date. These two putative knockdown mutants show no obvious phenotype under
non-limiting growth conditions. In our studies, we focused on expression, localization and interaction
studies of PII with known and novel interaction partners. We could observe PII expression in leaves,
cotyledons and partially in the hypocotyl of seedlings under non-limiting conditions, whereas under
nitrogen-limiting conditions PII is additionally expressed in the root. Localization analyses in transient
transformed Nicotiana benthamiana, revealed localization of PII-GFP in a dotty manner in plastids
and co-localization of PII-GFP with mCherry coupled NAGK, BCCP1, Granule-bound starch synthase I
(GBSSI) and D-amino acid transaminase I (DAT1) in plastids, which were confirmed by BiFC analyses.
We could further observe that PII-RFP is not co-localizing with nucleoids in plastids, but next to them.
Our findings are indicating further regulatory roles of AtPII not only in nitrogen and fatty acid
metabolism, but also in starch balance and in D-amino acid metabolism.
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[P116] FUNCTIONAL ANALYSIS OF ENTH DOMAIN PROTEINS
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Subcellular transport of proteins in plant cells depends on many post-Golgi vesicle transport
pathways most of which are mediated by the coat protein clathrin. Clathrin coated vesicle (CCV)
formation is facilitated by accessory proteins including ENTH proteins. These proteins harbour an
Epsin N-Terminal Homology (ENTH) domain and a long unstructured C-terminal tail bearing Clathrin
and Adaptin interaction motifs. Arabidopsis thaliana possesses three ENTH proteins (EPSIN1, 2 and 3)
and one highly conserved phylogenetic outlier, termed MODIFIED TRANSPORT TO THE VACUOLE1
(MTV1), with a true ENTH domain (Sauer et al. 2013). In case of MTV1, a role in vacuolar transport,
clathrin association and trans-Golgi network (TGN) localization has been shown. However, for EPSIN1
and EPSIN2 there is only limited knowledge about subcellular localization and function and EPSIN3 is
completely uncharacterized. Thus, the exact functional role of the individual ENTH protein family
members remains to be determined. Here, we present an update on our work where we functionally
characterize the four ENTH proteins. We present data on expression, subcellular localization,
functional analyses and redundancy among family members. Our data suggests that, although
phylogenetically distant, MTV1 and EPSIN1 are the major players for cargo transport at the TGN with
largely overlapping functions.
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[P117] BREAKING SYMMETRY: A CLOSE STUDY OF ASYMMETRIC CELL DIVISION IN THE STOMATAL
LINEAGE
Dirk Spencer1, Dominique Bergmann1 2
1
Stanford , Department of Biology, Stanford, United States
2
Stanford , Howard Hughes Medical Institute, Stanford, United States
Asymmetric cell divisions (ACD) are ubiquitous throughout all forms of life and it might be fair to
argue they are necessary for multicellularity. Arabidopsis begins its life with anisotropic growth, and
an asymmetric division that distinguishes the embryo from its extra-embryonic support. Throughout
development, this theme of asymmetric growth and division is repeated to create and pattern
tissues. In the leaves’ stomatal lineage, polarly localized proteins BASL and BRXL2 regulate
asymmetric divisions. How their polar localization confers ACD competency is unknown. I aim to
elucidate the mechanisms of cell polarity and differential growth contributing to ACDs that result in
daughters with different cell identities. This includes a detailed and quantitative description of the
cellular events that precede ACDs, and understanding the molecular mechanisms by which BASL and
BRXL2 control divisions. I am currently testing the following hypotheses: (1) that BRXL2 directs the
nuclear migration that proceeds ACD and (2) BRXL2 drives local anisotropic growth. Using seedlings
co-expressing fluorescently-tagged variants of BRXL2, a plasma membrane marker, a nuclear
envelope marker and fluorescent microbeads, I will assess the spatial relationships between polarity
markers and cellular and subcellular growth dynamics using time-lapse confocal microscopy,
followed by computational image analysis. I expect to be able to learn: (1) whether and how
directed nuclear migration contributes to ACDs in the stomatal linage, (2) if directed nuclear
migration depends on expression and proper localization of polarity proteins like BRXL2, (3) where
and when (pre- or post-division) anisotropic growth takes place during stomatal ACDs and (4)
whether this anisotropic growth is guided by polarity proteins. The stomatal linage provides a unique
opportunity to study both physical asymmetry and asymmetric cell fates and I will use this system, as
well as the unique polarity proteins expressed there, to deepen our understanding of asymmetric cell
division in plants.
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[P118] THE GAMMA-SECRETASE COMPLEX - INTRA-COMPLEX INTERACTIONS AND CONTRIBUTION
TO ENDOCYTOSIS
Wojciech Kwiatkowski1, Tomasz Skrzypczak1, Rafał Krela1, Przemysław Wojtaszek1
1
Adam Mickiewicz University, Department of Molecular and Cellular Biology, Poznań, Poland
Gamma-secretase is a complex of four proteins, each with at least one transmembrane domain. In
most cells, the complex includes: presenilin (PS1 or PS2), nicastrin (NCT), APH-1 (anterior pharynxdefective 1) and PEN-2 (presenilin enhancer 2) – and are present in 1:1:1:1 ratio. Over the years,
presenilins and γ-secretase have been very extensively investigated in animals, particularly in
humans, due to participation in the regulation of the Notch signaling pathway, which controls
embryogenesis, and in the processing of amyloid precursor protein (APP). Mutations in the γsecretase complex may lead to abnormal cleavage of APP, what is directly correlated with an etiology
of Alzheimer’s disease.
The roles of γ-secretase complex in plants are almost completely unknown. In A. thaliana
protoplasts, the existing data confirm localization of γ-secretase subunit homologs within
endomembrane system. Interestingly, however, none of known major substrates of the animal γsecretase complex, has been identified in plants. Presenilin and the whole complex of γ-secretase has
been hypothetically considered as complex regulating vesicular transport.
Here we show contribution of γ-secretase in endocytosis in A. thaliana. Impact of PS1/PS2 on
endocytosis was analyzed by observation of FM4-64 dye endocytosis in A. thaliana seedlings (WT and
ps1/ps2 mutant plants). Interactions during endocytosis between γ-secretase complex and receptor
proteins - FLS2 and BRI1 was examined. Also the capability of complex to taking activity towards
animals receptors: hTFR and EGFR was analyzed. These proteins aren’t the direct substrates of the
complex, but their correct endocytosis depends on PS1/PS2 activity. Furthermore, through the use of
dedicated antibodies directed against members of the complex, we present intra-complex
interaction in γ-secretase complex, revealing the existing interaction within the complex.
This research is supported by the National Science Centre in Poland, grant No. 2012/05/B/NZ3/01026
to PW and KNOW RNA Research Centre in Poznań (No. 01/KNOW2/2014).
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[P119] GENETIC ANALYSIS OF TYPE B PIP5KS IN THE PLANT CELL MORPHOGENESEIS
Machiko Watari1, Mariko Kato1, Tomohiko Tsuge1, Takashi Aoyama1
1
Kyoto University Institute for Chemical Research, Uji-shi, Japan
Phosphoinositides (PIs), a class of lipids composing biomembrane, function as signaling molecules in eukaryotic
cells. Phosphatidylinositol 4,5- bisphosphate [PI(4,5)P2], one of PIs, mainly localizes on inner layer of the plasma
membrane and plays an essential role in establishing identities of the membrane and membrane subdomains.
In animal cells and yeast cells, PI(4,5)P2 regulates reorganization of actin cytoskeleton and membrane
trafficking directly or indirectly. However, little is known about its regulatory roles in plant cells.
Intracellular localization patterns of PI(4,5)P2 differ among cells types and cell stages, suggesting that the
production and degradation of PI(4,5)P2 is controlled spatiotemporally. Phosphatidylinositol 4-phosphate 5
kinase (PIP5K) is a key enzyme for PI(4,5)P2 production. Arabidopsis thaliana encodes 11 PIP5Ks, classified into
type A (PIP5K10 and PIP5K11) and type B (PIP5K1 to PIP5K9). Type B PIP5Ks contain N-terminal MORN motif
repeats, which is related to membrane localization. As PIP5Ks of animals and yeast don’t contain MORN motif
repeats, type B PIP5Ks are assumed to be regulated in a plant-specific manner. Genetic studies have revealed
the roles of type B PIP5Ks in cell morphogenesis. PIP5K1 and PIP5K2 are involved in cell polarity, and PIP5K3
and PIP5K4 are involved in root hair elongation and pollen tube elongation, respectively. However, single
mutants of these genes showed only a mild phenotype in plant development, indicating that PIP5K genes are
functionally redundant. To investigate how type B PIP5K genes are orchestrated in the production of PI(4,5)P2
during plant development, we analyzed the phenotypes of the multiple mutants of PIP5K2, PIP5K3 and PIP5K4.
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[P120] COMPONENTS OF THE ARABIDOPSIS TREX COMPLEX INVOLVED IN MRNA SPLICING AND
EXPORT
Silvia Esposito1, Hans F. Ehrnsberger1, Christina Pfaff1, Brian B. Sørensen1, Marion Grasser 1, Klaus
D. Grasser1
1
University of Regensburg, Department for Cell Biology & Plant Biochemistry, Regensburg, Germany
AIM
In eukaryotes, mRNAs synthesised by RNA polymerase II are co-transcriptionally processed before
transported through nuclear pore complexes to the cytosol for translation. A variety of factors
ensures that properly processed transcripts are exported. The TREX (TRanscription-EXport) complex
plays a central role in the coordination of synthesis, processing and export of mRNAs. The RNAhelicase UAP56 and the export factors ALY and MOS11 which associate with the THO core complex to
form TREX, have been characterised here.
METHODS AND RESULTS
AP-MS experiments revealed the composition of TREX in Arabidopsis cells and its interactions with
the TREX-2 export complex and a multitude of splicing factors. Accordingly, plants deficient in the
TREX components TEX1 and MOS11, as well as double-mutants were analysed for alternative splicing
events, revealing that tex1 and tex1 mos11 plants are affected in splicing, unlike mos11 plants.
Consistently, TEX1 co-localises with splicing factors. The AP-MS data also demonstrated copurification of all four ALY proteins (ALY1-4) with TREX. Yeast-two hybrid and FRET experiments
showed that direct interactions with UAP56 mediate the association of ALY1-4 with TREX. Moreover,
ALY1 interacts preferentially with ssRNA and in addition to the central RRM, the N- and C-terminal
domains are required for efficient RNA-binding. While aly single- and double-mutants exhibit wild
type appearance, the quadruple mutant aly1-4 (4xaly) shows various defects in vegetative and
reproductive development. Based on in situ hybridisation with oligo (dT) probes, a nuclear
accumulation of mRNAs is observed in 4xaly cells. In addition, expression of ALY1 can restore growth
of otherwise non-viable yeast cells lacking the orthologue Yra1.
CONCLUSION
These experiments demonstrate that the TREX complex plays a central role co-ordinating
transcription with mRNA splicing and export, and that ALY proteins act as mRNA export factors in
plants.
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[P121] UBIP2, AN UBIQUITN PROTEASE THAT INTERACTS AND CO-LOCALISES WITH MEMBERS OF
THE POLYCOMB GROUP PATHWAY
Eduardo March1, Sara Farrona1
1
NUIG, Galway, Ireland
The study of how epigenetic processes affect developmental phase transitions in Arabidopsis
thaliana (Arabidopsis) is important to reveal when and where expression pattern changes will occur
allowing developmental phase transitions, which ultimately enable reproduction and viability of the
species. In these processes, Polycomb Group (PcG) proteins, which control the deposition of specific
epigenetic marks, are essential for Arabidopsis development and cell lineage through the regulation
of gene expression patterns. In particular, the POLYCOMB REPRESSIVE COMPLEX 2 (PRC2) is
responsible for the trimethylation of the histone 3 on lysine 27 (H3K27me3), an epigenetic mark for
gene repression.
The deubiquitinases (DUB) are an evolutionary-conserved superfamily subdivided in five families that
are involved in several biological processes such as signalling, subcellular location, vesicular
trafficking, protein degradation, regulation of transcription and chromatin structure. In Arabidopsis,
members of the DUB superfamily have been related with H2Bub1 deubiquitination, and recently,
with H3K27me3 trough Polycomb pathway system (Derkacheva et al, 2016). Nevertheless, the role of
Arabidopsis DUBs in the epigenetic control of gene expression due to histone tail modifications is
limited (March and Farrona, 2018).
Here we will introduce the interplay between UBIQUITIN-SPECIFIC PROTEASE INTERACTOR OF
POLYCOMB REPRESSIVE COMPLEX 2 (UBIP2) and PcG proteins, including subunits of PRC2, showing in
vivo protein-protein interactions and in planta co-localisation.
Derkacheva, M., Liu, S., Figueiredo, D. D., Gentry, M., Mozgova, I., Nanni, P.,Tang, M., Mannervik, M.,
Köhler, C., Hennig. L. (2016). H2A deubiquitinases UBP12/13 are part of the Arabidopsis polycomb
group protein system. Nat. Plants 2:16126. doi: 10.1038/nplants.2016.126
March, E., & Farrona, S. (2018). Plant Deubiquitinases and Their Role in the Control of Gene
Expression Through Modification of Histones. Frontiers in Plant Science, 8(January), 1–14.
http://doi.org/10.3389/fpls.2017.02274
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[P122] CYTOSOLIC ACETYL-COA PROMOTES HISTONE ACETYLATION PREDOMINATLY AT H3K27 IN
ARABIDOPSIS
Chenlong Li1, Chen Chen2, Yuhai Cui2
1
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Acetyl-coenzyme A (acetyl-CoA) is a central metabolite and the acetyl source for protein acetylation,
particularly histone acetylation that promotes gene expression. However, the effect of acetyl-CoA
levels on histone acetylation status in plants remains unknown. Here, we show that malfunctioned
cytosolic acetyl-CoA carboxylase1 (ACC1) in Arabidopsis leads to ele- vated levels of acetyl-CoA and
promotes histone hyperacetylation predominantly at lysine 27 of histone H3 (H3K27). The increase of
H3K27 acetylation (H3K27ac) is dependent on adenosine triphosphate (ATP)-citrate lyase which
cleaves citrate to acetyl-CoA in the cytoplasm, and requires histone acetyltransferase GCN5. A
comprehensive analysis of the transcriptome and metabolome in combination with the genomewide H3K27ac profiles of acc1 mutants demonstrate the dynamic changes in H3K27ac, gene
transcripts and metabolites occurring in the cell by the increased levels of acetyl-CoA. This study
suggests that H3K27ac is an important link between cytosolic acetyl-CoA level and gene expression in
response to the dynamic metabolic environments in plants.
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[P123] GARNET: A NETWORK TO SUPPORT UK PLANT SCIENCE
Geraint Parry1, James Murray1
1
Cardiff University, School of Biosciences, United Kingdom
GARNet is a BBSRC sponsored network that aims to ensure the UK Arabidopsis and wider plant
research community remains competitive and productive at the national and international level by
helping researchers make the best use of available funding, tools and resources. GARNet represents
UK Arabidopsis researchers via a committee of elected members.
GARNet acts as information hub for the community via its newsletter, mailing list and provides a
point of contact for researchers and funding agencies. Working with other groups, GARNet helps to
promote interactions between fundamental and applied plant sciences. GARNet also works to
increase opportunities for UK Arabidopsis scientists at the international level. We actively respond to
UK Government calls for evidence on policy areas relevant for the GARNet community, including on
topics related to use of big data, gene-editing technology or on the impact of Brexit on UK Science
and Innovation.
The GARNet coordinator is also the current secretary for the Multinational Arabidopsis Steering
Committee (MASC), which is an organisation that promotes global Arabidopsis research through
support for a range of technical subcommittees, publication of a annual report on the state of
Arabidopsis work and by organisation of the annual International Conference on Arabidopsis
Research (ICAR).
http://arabidopsisresearch.org/index.php/en/
Geraint Parry is the Science Communication manager of the COST Action INDEPTH: ‘Impact of
Nuclear Domains On Gene Expression and Plant Traits’ where he co-leads the dissemination and
training opportunities for Action participants. https://www.brookes.ac.uk/indepth/
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[P124] UNRAVELLING THE EPIGENETIC BASIS OF PLANT IMMUNITY
Ana López Sánchez1 2, Joost Stassen1, Ritushree Jain1 3, Leonardo Furci1, Carmen Castresana2, Jurriaan
Ton1
1
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2
Centro Nacional de Biotecnología, Plant Molecular Genetics Dpt., Madrid, Spain
3
AgriBio, ARC Centre of Excellence in Plant Energy Biology, Bundoora, Australia
In response to a pathogen attack, plants induce a variety of different defence mechanisms. In
addition, after an infection, plants respond more effectively against a second pathogen encounter.
This is known as acquired immunity or priming. Over recent years, evidence has accumulated that
this priming of defence can be transmitted to the next generation of plants, resulting in
transgenerational acquired resistance (TAR). This discovery has prompted further research to resolve
the role of epigenetic mechanisms in plant immunity. Epigenetics refers to the study of inheritable
changes that modify the phenotype of the organisms in the absence of changes in the DNA
sequence. It has been shown that pathogen infection changes DNA methylation and that Arabidopsis
mutants defective in DNA methylation express constitutive defence priming. Here, we present our
latest results and future plans to decipher the epigenetic basis of plant immunity and priming.
Analysis of Arabidopsis mutants has shown that TAR is regulated by RNA-directed DNA methylation
(RdDM) and ROS1-dependent (de)methylation. This work also revealed that changes in DNA
methylation affect nearly half of the pathogenesis-related transcriptome, illustrating the importance
of DNA methylation in plant immunity. In addition, by analysing the DNA methylome of progenies
from disease-exposed Arabidopsis plants, we found that the methylome responds dynamically to
disease encountered in previous generations. This supports the notion that DNA methylation
provides transgenerational phenotypic plasticity to biotic stress. Finally, we have studied the parental
contributions and specificity of TAR in response to different (a)biotic stresses. Amongst others, this
research has revealed that the durability of TAR depends on the intensity of stress exposure in the
previous generations. Lastly, we will introduce some current work focused in analysing the
interaction of specific defence pathways and the epigenetic machinery, in order to position them in
the plant canonical defence scenario at a molecular level.
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[P125] SPATIOTEMPORAL MIRNA DYNAMICS IN THE CONTROL OF STOMATAL LINEAGE
Jiali Zhu1, Ji-Hwan Park2, Daehee Hwang1 2, June M Kwak1 2, YunJu Kim2
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2
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Stomata are tiny pores on the plant epidermis where gas exchange occurs between the plant and the
atmosphere. Due to its distinguished physiological function, stomatal development is tightly linked to
plant development and global climate cycle. During stomatal development, a protodermal cell
undergoes asymmetric division to generate a larger cell and a smaller cell whose fate is to become a
pavement cell and a meristemoid cell (MMC), respectively. The MMC undergoes other asymmetric
divisions and differentiates into a guard mother cell (GMC), which finally becomes a pair of mature
guard cells (GC) through symmetric division. The positive and negative regulatory loop of the
stomatal lineage development governing its initiation, amplification, and differentiation has been
well established. However, how miRNA regulates stomatal development is largely unknown. Here,
we report miRNA profiling of stomatal lineage cells to identify miRNAs and their targets modulating
stomatal lineage. We investigated the functional mechanism of developmental stage-specific miRNAs
in stomatal lineage. Our results reveal how stomatal development is temporally modulated by
genetic and epigenetic mechanisms.
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[P126] REGULATION OF LIGHT- AND SUGAR-DEPENDENT ALTERNATIVE SPLICING DURING EARLY
PHOTOMORPHOGENESIS
Jennifer Saile1, Theresa Wiessner2, Lisa Hartmann2, Andreas Wachter2
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Alternative precursor mRNA splicing (AS) is increasingly recognized to play a role in plant
development, including photomorphogenesis. Plants respond to altered light conditions by
drastically reprogramming their gene expression via changes in total transcript levels and AS. In our
previous work, we have demonstrated that sucrose and illumination trigger similar AS changes in
etiolated Arabidopsis seedlings, indicating that light-mediated AS may primarily respond to metabolic
signals. Furthermore, chemical inhibition of kinase signaling induced specific splicing shifts,
suggesting a role of phosphorylation within this process. Using phosphoproteomics we identified a
group of splicing regulators from the Serine/Arginine-rich (SR) protein family that show sugar
dependent phosphorylation. Thus, we propose that these splicing regulators might be involved in the
upstream signaling of light- and sugar-dependent AS. Currently, we are testing the functional impact
of SR protein phosphorylation and the involvement of these factors in sugar- and light-controlled AS.
First phenotypical analysis of dark-grown Arabidopsis seedlings revealed that SR overexpression lines
showed opened cotyledons, providing evidence that SR proteins might act as positive regulators in
photomorphogenesis. Furthermore, preliminary data indicate that the metabolic state affects the
phosphorylation pattern of SR proteins and is accompanied by a redistribution of these regulators
within the nucleus. Accordingly, we propose that light and sugar signals may be sensed at the
metabolic level to trigger phosphorylation-dependent changes in the localization and activity of SR
proteins.
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[P127] A CORE HISTONE DEACETYLASE COMPLEX DIRECTS PLEIOTROPIC DEVELOPMENT AND
REGULATES STRESS-RESPONSIVE GENE EXPRESSION
Kevin Mayer1 1, Dean Sanders1, Xiangsong Chen1, Phu Nguyen1, Mark Scalf2, Lloyd Smith2, Xuehua
Zhong1
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Histone acetylation is an important epigenetic modification conserved in plants, animals, and fungi.
Histone deacetylases (HDACs) remove acetylation, repress transcription, and hold critical roles for
diverse genomic processes. How individual HDACs are regulated and perform specialized molecular
and biological functions in plants is not fully understood. To identify Arabidopsis HDAC interactors,
we performed nine immunoprecipitations coupled with mass spectrometry (IP-MS) experiments and
found the WD40-domain containing protein HIGH EXPRESSION OF OSMOTICALLY RESPONSIVE GENES
15 (HOS15) interacts specifically with the HISTONE DEACETYLASE 9 (HDA9)-POWERDRESS (PWR)
complex. Survey of the HDA9-PWR-HOS15 interaction network enriched for TCP1-Chaperonin and
Proteasome components, suggesting mechanisms by which the complex is assembled and degraded.
Several lines of genetic evidence support HOS15 is a core component of HDA9-PWR: Loss-of-function
HOS15 induces HDA9-dependent total histone hyperacetylation with accompanied changes in
histone methylation. HOS15, HDA9, and PWR are ubiquitously co-expressed and mutant
combinations display remarkable phenotypic resemblance and non-additivity for organogenesis,
flowering time, and germination. 90% of HOS15 regulated genes overlap with genes regulated by
HDA9 and PWR. Application of our previously published HDA9 genome-wide chromatin occupancy
identified ninety-two genes that are directly bound and repressed by HDA9. A large subset of these
genes are responsive to biotic and abiotic stimuli, including a family of ethylene response factors.
Finally, we found that HOS15 holds several regulatory roles for HDA9, including controlling HDA9
nuclear levels. This work establishes a core HDA9-PWR-HOS15 complex that regulates gene
expression for plant growth and development.
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[P128] DET1 MEDIATES LIGHT-DEPENDENT CONTROL OF HISTONE H2B MONOUBIQUITINATION
HOMEOSTASIS THROUGH TARGETED DEGRADATION OF A SAGA-LIKE DEUBIQUITINATION MODULE
IN ARABIDOPSIS
Amr Nassrallah1, Martin Rougée2, Clara Bourbousse2, Stéphanie Drevensek2, Sandra Fonseca1, Elisa
Iniesto1, Ouardia Mohammed2, Ikhlak Ahmed2, Anne-Flore Deton2, Gerald Zabulon2, Vanessa
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PSL Université Paris , Paris, France
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In yeast and metazoans, the SAGA (Spt–Ada–Gcn5 acetyltransferase) deubiquitination module
(DUBm) allows repeated cycles of histone H2B ubiquitination/de-ubiquitination to promote gene
expression and regulate cellular pathways, such as differentiation and proliferation. We have
characterized an atypical DUBm from Arabidopsis that, as in other eukaryotes, comprises a SGF11
(SAGA-ASSOCIATED FACTOR 11) central subunit that mediates pairwise associations with subunit
ENY2 (ENHANCER OF YELLOW 2) and with the H2Bub ubiquitin protease UBP22 but lacks a Sgf73
(SAGA-ASSOCIATED FACTOR 73) homolog. According to their predicted function, loss of SGF11 or
UBP22 function increased the abundance of monoubiquitinated histone H2B (H2Bub). The
Arabidopsis DUBm function is likely controlled by the light conditions since all three components
were destabilized in the dark. We also found that stability of DUBm components, and global
enrichment of H2Bub over the genome, are regulated by DET1 (DE-ETIOLATED 1), a chromatinassociated repressor of Arabidopsis photomorphogenesis. For this, SGF11 physically associates with
the DET1-associated protein DDA1 and is subject to ubiquitination-mediated degradation in a DET1and light-dependent manner. Collectively, these findings underpin the long-known affinity of DET1
for histone H2B, unveiling a novel role for DET1 complexes in the control of chromatin remodeling
and gene expression. We propose a mechanism for the control of H2Bub homeostasis during cell
specialization in response to environmental cues, which involves a series of proteins evolutionarily
conserved from plants to mammals.
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[P129] CELL TYPE-SPECIFIC MIRNA-BASED GENETIC SCREEN REVEALS THAT THE PROTEOSOME
COMPLEX POSITIVELY REGULATES THE ACCUMULATION OF EXOGENOUSLY DERIVED SIRNAS
Yun Ju Kim1, Myung-Hee KIM1, Seul-Bi Lee1, Jieun Jeon1, Jaeho Lee1, June M. Kwak2
1
Institute for Basic Science, Center for Plant Aging Research, Daegu, Rep. of South Korea
2
DGIST, New Biology, Daegu, Rep. of South Korea
MicroRNA (miRNA) and small interfering RNA (siRNA) are classes of 20- to 24- nucleotide-long small
non-coding RNAs acting as post-transcriptional and/or transcriptional gene silencers in plants.
Although many efforts have been made aiming to understand their biogenesis, function, and
regulation mechanisms, functional significance of miRNA and siRNA in plant development, defense,
and genome stability remains elusive. Here, we report a cell type-specific genetic screen system,
PORI, in which an artificial miRNA targeting luciferase (amiRLuc) and GFP-Luciferase (GFP-Luc) are
temporally overlapped but spatially separated. Genetic and molecular evidence suggests that PORI is
regulated by both miRLuc and secondary siRNAs generated from GFP-Luc transgene (PORI-siRNA) but
not by DNA methylation pathways, indicating that PORI allows for studying both miRNA and siRNA
mechanisms. Loss-of-function mutants for proteasome complex subunits show pleiotropic
developmental defects and delayed senescence. In addition, it restores GFP-Luc expression in PORI,
suggesting that proteasome complex is required for RNA silencing. Interestingly, the accumulation of
PORI-siRNA is significantly reduced, but endogenous miRNAs and siRNAs are not affected in the
mutants of proteasome complex subunits. These results imply that proteasome complex is required
for the production of transgene derived siRNA.
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[P130] A TARGETED RNA-SEQ APPROACH REVEALED THAT EPIGENETIC COMPONENTS ARE
INVOLVED IN THE INDUCTION DYNAMICS OF DEFENSE GENES IN ARABIDOPSIS
Hong-Gu Kang1, Dinesh Pujara1, Yogendra Bordiya1, Sung-Il Kim1, Bum Kyu Lee2, Jonghwan Kim2
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Appropriate timing and magnitude of defense gene induction is critical in plant resistance. Several
epigenetic mutants displayed compromised induction dynamics of a few selected defense genes. To
further study the expression dynamics of defense genes and its potential dependence on epigenetic
components, a conventional RNA-seq was performed to identify defense genes with rapid induction
kinetics in Arabidopsis infected with avirulent and virulent Pseudomonas syringae pv tomato (Pst) for
five different time points. To assess the dynamics of mRNA transcriptome, maSigPro was used for
clustering defense genes based on their induction dynamics. Once a group of defense genes with
rapid induction kinetics were identified, a targeted RNA quantitation approach was used to examine
a large number of RNA samples collected from the dcl mutants as well as WT plants that were
challenged with avirulent and virulent Pst at five-time points. RASL-seq (RNA-mediated
oligonucleotide Annealing, Selection, and Ligation with next-generation sequencing) was developed
several years ago as a targeted RNA analysis and recently improved to eliminate a well-known low
signal-to-noise ratio issue. This revised RASL-seq approach was quantitively reliable relative to RNAseq and qRT-PCR analysis performed on the same RNA samples. Correlation analysis showed that the
R-squared value for RASL-seq vs RNA-seq and RASL-seq vs qRT-PCR exceeded 0.95, suggesting that
RASL-seq is acceptable for RNA quantitation analysis. The RASL-seq revealed that some early and late
induced defense genes display significantly lower expression in dcl1-7 infected avirulent Pst at 6 hpi
relative to WT. In addition, dcl2-1 and dcl3-1 showed heightened basal expression of defense genes
prior to infection as compared with the WT plants. These findings suggest that the induction
dynamics of defense genes is affected in the dcl mutants, which therefore support the possibility that
epigenetic components play an important role in regulating the defense genes.
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[P131] ARABIDOPSIS SWC4 RECRUITS THE SWR1 COMPLEX TO MODULATE HISTONE H2A.Z
DEPOSITION AT KEY REGULATORY GENES
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Deposition of the H2A.Z histone variant by the SWR1 complex (SWR1-C) in regulatory regions of
specific loci modulates transcription. Characterization of mutations in Arabidopsis thaliana homologs
of yeast SWR1-C has revealed a role for H2A.Z exchange in a variety of developmental processes.
Nevertheless, the exact composition of the plant SWR1-C and how it is recruited to target genes
remains to be established. We have showed that SWC4, the Arabidopsis homolog of yeast SANT
domain protein Swc4/Eaf2, is a DNA-binding protein that interacts with SWR1-C subunits. We
demonstrate that the swc4-1 knock-out mutant is embryo-lethal, while SWC4 RNAi knockdown lines
display pleiotropic phenotypic alterations in vegetative and reproductive traits, including
acceleration of flowering time, indicating that SWC4 controls post-embryonic processes.
Transcriptomic analyses and genome-wide profiling of H2A.Z indicate that SWC4 represses
transcription of a number of genes, including the floral integrator FT and key transcription factors,
mainly by modulating H2A.Z deposition. Interestingly, SWC4 silencing does not affect H2A.Z
deposition at the FLC locus nor its expression, a master regulator of flowering previously shown to be
controlled by SWR1-C. Importantly, we find that SWC4 recognizes specific AT-rich DNA elements in
the chromatin regions of target genes and that SWC4 silencing impairs SWR1-C binding at FT.
Collectively, our data suggest that SWC4 regulates plant growth and development by aiding SWR1-C
recruitment and modulating H2A.Z.
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[P132] SMALL RNAS IN EXTRACELLULAR VESICLES
Patricia Baldrich1, Brian D. Rutter2, Ram Podicheti2, Roger Innes2, Blake Meyers1
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Small RNAs (sRNAs) are small non-coding RNAs of 20 to 24 nucleotides in size found across a wide
range of eukaryote organisms, from plants to animals. sRNAs are master regulators of a wide range
of biological functions, including development, reproduction and stress responses. They typically
function via the control of the stability and translation of target mRNAs. sRNAs can be divided in two
major classes, according to their biogenesis and mode of action: microRNAs (miRNAs) and small
interfering RNAs (siRNAs). As a silencing signal, several different types of sRNAs have also the ability
to move short distances, like cell-to-cell, or much longer distances like root to shoot. They are even
trafficked between different species and organisms. However, the mechanisms by which sRNAs move
remain unknown.
Extracellular vesicles (EVs) are mobile lipid compartments that participate in intercellular
communication; they are able to carry proteins, lipids, nucleic acids and metabolites. Despite the fact
that very little is known about the origin, formation or function of EVs in plants, recent results
suggest that they participate in both long distance movement and immune responses. In this study,
we analysed the small RNA (sRNA) content of EVs, and discovered that they carry both microRNAs
(miRNAs) and small interfering RNAs (siRNAs), some of which appear to be preferentially loaded into
EVs. This EV enrichment of certain RNAs supports hypotheses for long-distance RNA movement and
for RNA-based communication between species, including host-pathogen interactions. Current
experiments are aimed at assessing whether EV sRNAs are taken up by other plant cells, and/or
microbes, and if so, whether they impact gene expression in recipient cells.
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[P133] APPLICATION OF DEMETER 5-METHYLCYTOSINE DNA GLYCOSYLASE TO MEASURE THE DNA
METHYLATION LEVELS AT TARGET LOCI
Woo Lee Choi1 2, Jin Hoe Huh1 2
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South
DNA methylation generally refers to the addition of a methyl group to cytosine producing 5methylcytosine (5mC), which is a prominent epigenetic mark important for gene silencing, cellular
differentiation, gene imprinting and transposon silencing in plants and mammals. Alteration in DNA
methylation often induces the formation of epialleles, leading to heritable changes in phenotype in
the corresponding epimutants. In this study, we report the application of DNA demethylase to detect
epialleles by quantitatively measuring the level of DNA methylation. DEMETER (DME) is a bifunctional
5mC DNA glycosylase that directly recognizes and excises 5mC from DNA, generating a single strand
break (SSB) upon base excision via β- and δ-elimination. DME mechanistically permits a cleavage of
only one strand at a symmetrically methylated site, avoiding a double strand break. Moreover, unlike
most DNA methylation-dependent restriction enzymes, DME acts in a sequence non-specific manner.
We utilized a unique biochemical property of DME in combination with quantitative PCR, developing
a method called DME-qPCR to compare DNA methylation levels at the locus of interest. DME-qPCR
allows differential amplification for hypermethylated and unmethylated (or hypomethylated) alleles,
in which PCR amplification is inversely proportional to the level of DNA methylation due to DMEinduced SSBs. We successfully distinguished the normal wildtype alleles from the fwa and Cnr
epialleles of Arabidopsis and tomato epimutants, respectively. This technique will serve as a fast and
cost-effect method to measure DNA methylation levels between the alleles in distinct epigenetic
states with differential expressions.
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[P134] REPRESSOR OF SILENCING 1-MEDIATED DNA DEMETHYLATION IS REQUIRED FOR ABSCISIC
ACID RESPONSES IN ARABIDOPSIS
Joo Young Lim1, June-sik Kim1, Hosub Shin1, Jin Hoe Huh1
1
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Seoul, Rep. of South Korea
DNA methylation is a key epigenetic mark that regulates various biological processes such as gene
imprinting, transposon silencing, and X chromosome inactivation. REPRESSOR OF SILENCING 1
(ROS1), a bifunctional DNA glycosylase/lyase that directly removes 5-methylcytosine from DNA, can
contribute to active DNA demethylation in Arabidopsis. Here we show that the ros1 mutants
displayed hypersensitivity in response to abscisic acid (ABA) for early seedling development and root
growth. In ros1 mutants, a subset of ABA-inducible genes were downregulated associated with DNA
hypermethylation at their proximal regions. Most notable among them is NICOTINAMIDASE 3 (NIC3)
which encodes a catalytic enzyme that converts nicotinamide to nicotinic acid. In ros1 mutants, the
NIC3 promoter regions were heavily methylated, which resulted in the loss of ABA inducibility.
Consistently, nic3 mutants exhibited ABA hypersensitivity, and ectopic expression of NIC3 restored
ABA sensitivity of ros1 mutants. These findings suggest that the transcriptional active state of NIC3 is
achieved by ROS1-initiated DNA demethylation in ABA response, in which nicotinamide may serve as
a key metabolite in ABA sensitivity.
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[P135] CRITICAL ROLES OF DNA DEMETHYLATION IN THE ACTIVATION OF RIPENING-INDUCED
GENES AND INHIBITION OF RIPENING-REPRESSED GENES IN TOMATO FRUIT
Zhaobo Lang1, Yihai Wang2, Kai Tang2, Dengguo Tang2, Tatsiana Datsenka2, Jingfei Cheng2, Yijing
Zhang2, Avtar K. Handa2, Jian-Kang Zhu2
1

Shanghai Institutes for Biological Sciences(CAS), Shanghai Center for Plant Stress Biology (PSC),
Shanghai, China
2

DNA methylation is a conserved epigenetic mark important for genome integrity, development, and
environmental responses in plants and mammals. Active DNA demethylation in plants is initiated by
a family of 5-mC DNA glycosylases/lyases (i.e., DNA demethylases). Recent reports suggested a role
of active DNA demethylation in fruit ripening in tomato. In this study, we gen-erated loss-of-function
mutant alleles of a tomato gene, SlDML2, which is a close homolog of the Arabidopsis DNA
demethylase gene ROS1. In the fruits of the tomato mutants, increased DNA methylation was found
in thousands of genes. These genes in-cluded not only hundreds of ripening-induced genes but also
many ripening-repressed genes. Our results show that SlDML2 is critical for tomato fruit ripening and
suggest that active DNA demethylation is required for both the activation of ripening-induced genes
and the inhibition of ripening-repressed genes.
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[P136] MOLECULAR ANALYSIS OF A LONG INTERGENIC NON-CODING RNA INVOLVED IN DEVELOPMENT IN
ARABIDOPSIS
Kyle Palos1, Caroline Plecki1, Andrew Nelson1, Marianne Kramer2, Brian Gregory2, Mark Beilstein1
1
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The utilization of RNA deep-sequencing has revealed the highly complex nature of eukaryotic transcriptomes.
For example, we now know that transcripts are generated from intergenic regions, introns, and antisense to
known genes. Long intergenic non-coding RNAs (lincRNAs) are an enigmatic yet abundant class within
eukaryotic transcriptomes. LincRNAs are greater than 200 nucleotides in length, have little to no protein coding
potential, and do not resemble other classes of noncoding RNAs such as ribosomal or tRNAs. Molecular
characterization of lincRNAs in plants has significantly lagged behind protein coding genes and other classes of
non-coding RNAs. To identify potential candidates for molecular characterization, we employed a
bioinformatics approach to uncover Arabidopsis lincRNAs that are conserved in the genomes and
transcriptomes of other species in the Brassicaceae. One such lincRNA is At1NC031460. We analyzed a T-DNA
insertion mutant of At1NC031460 and found a consistent growth delay. Interestingly, we discovered conserved
regulatory elements in the promoter of At1NC031460 including a previously annotated conserved noncoding
sequence (CNS), site II elements, and telo-boxes. Two snoRNA motifs are present within the transcribed region.
In order to determine the function of these regulatory elements, as well as other functional elements of
At1NC031460, we are utilizing CRISPR genome editing to create deletions of each element, singly and in
combination. Our goal is to understand the role of At1NC031460 in the growth and early development of
Arabidopsis.
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[P137] WHOLE TRANSCRIPTOME MAPPING REVEALS COMPLETE TRANSCRIPTION AND SIGNALS OF
EUKARYOTIC PROCESSING IN PLANT MITOCHONDRIA
Lucretia Ramnath1, Shailesh Joshi1, Dyfed Lloyd Evans2
1
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The plant chloroplast has become a vector to deliver transgenes. Recently, however, the
mitochondrion has become a prospective target for plant genetic engineering. Transformation of
mitochondria can result in synchronized expression of transgenes between all three plant genomes
via interorganellar communication pathways within the cell, resulting in effective engineering of the
whole plant cell factory. In addition, the mitochondrial genome (mitogenome) can shuffle genes
between the chloroplast and the nuclear genome, making it a unique vector for transgenes, and of
great potential to plant breeders. However, there is evidence that plastomes can be transferred
across plant species boundaries by contact. As a result, understanding the plant mitochondrion is of
paramount importance in identifying the risks of their use as transgenic vectors. Mitogenomes are
known to have evolved from bacterial genomes and include operons and spliced genes. However, in
this study, whole transcriptome mapping reveals indicators of eukaryotic processing never reported
before in plant mitochondria, which will aid in our understanding of the mitogenome. The
transcriptomic data of various plant and animal species available on NCBI were mapped to
mitochondrial reference genomes. Mappings of reads to mitochondrial genomes revealed, for the
first time, that selected monocot (including Arabidopsis), dicot, non-seed plant, fungal and animal
mitochondrial genomes were expressed in their entirety. Moreover, when poly-A selected transcript
sets were mapped they were found to only cover part of the mitogenome. Thus mitochondrial
transcripts may undergo eukaryotic-like processing that need to be further investigated. Overall, the
plant mitochondrial genome shares many features with the size-relaxed nuclear genome.
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[P138] LOCAL ADAPTATION UNDER GENE FLOW: RECOMBINATION, CONDITIONAL NEUTRALITY
AND GENETIC TRADE-OFFS SHAPE GENOMIC PATTERNS IN ARABIDOPSIS LYRATA
Tuomas Hämälä1, Outi Savolainen1
1
University of Oulu, Department of Ecology and Genetics, University of Oulu, Finland
Short-scale local adaptation is a complex process involving selection, migration and drift. The
expected effects on the genome are well grounded in theory, but to examine these on an empirical
level has proven difficult, as it requires information about local selection, demographic history and
recombination rate variation. Here, we use locally adapted and phenotypically differentiated
Arabidopsis lyrata populations from two altitudinal gradients in Norway to test these expectations at
the whole-genome level. Demography modelling indicated that populations within the gradients
diverged less than 2 kya and that the sites are connected by gene flow. The gene flow estimates
were, however, highly asymmetric with migration from high to low altitudes being several times
more frequent than vice versa. To detect signatures of selection for local adaptation, we estimated
patterns of lineage specific differentiation among these populations. Concordant with theory,
adaptive loci in the low-altitude populations were concentrated in areas of lower recombination
rates than in the high-altitude populations. Although most selected loci displayed patterns of
conditional neutrality, we found indications of antagonistic pleiotropy, with one locus particularly
showing high divergence and signs of selection in both populations. Our results further suggest that
resistance to solar radiation is an important adaptation to alpine environments, while vegetative
growth and bacterial defense were indicated as selected traits in the lowland habitats. These results
provide insights into genetic architectures and evolutionary processes driving local adaptation under
gene flow. We also contribute to understanding of traits and biological processes underlying alpine
adaptation in northern latitudes.
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[P139] A MOLECULAR BASIS BEHIND HETEROPHYLLY IN AN AMPHIBIOUS PLANT, RANUNCULUS
TRICHOPHYLLUS
Jinseul Kyung1, Juhyun Kim2, Ilha Lee1
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Ranunculus trichophyllus is an amphibious plant that produces thin and cylindrical leaves if grown
under water but thick and broad leaves if grown on land. We found that such heterophylly is widely
controlled by two plant hormones, abscisic acid (ABA) and ethylene, which control terrestrial and
aquatic leaf development respectively. Aquatic leaves produced higher levels of ethylene but lower
levels of ABA than terrestrial leaves. In aquatic leaves, their distinct traits with narrow shape, lack of
stomata, and reduced vessel development were caused by EIN3-mediated overactivation of abaxial
genes, RtKANADIs, and accompanying with reductions of STOMAGEN and VASCULAR-RELATED NACDOMAIN7 (VDN7). In contrast, in terrestrial leaves, ABI3-mediated activation of the adaxial genes,
RtHD-ZIPIIIs, and STOMAGEN and VDN7 established leaf polarity, and stomata and vessel
developments. Heterophylly of R.trichophyllus could be also induced by external cues such as cold
and hypoxia, which is accompanied with the changes in the expression of leaf polarity genes similar
to aquatic response. A closely-related land plant R. sceleratus did not show such heterophyllic
responses, suggesting that the changes in the ABA/ethylene signaling and leaf polarity are one of key
evolutionary steps for aquatic adaptation.
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[P140] SPEED-SEQ: NOVEL TOOLS ENABLING RAPID AND COST-EFFECTIVE GENOME SEQUENCING
Leila Eshraghi1, Phill Watts2, Nader Aryamanesh2
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Exome sequencing is one of the widely used next generation sequencing (NGS) methods especially
where high read depth is required for data analysis. Current exome sequencing methods require a
reference genome for the de novo design and production of custom-designed probes that are timeconsuming and costly. We developed SpeED-Seq (Species-specific Exome and DNA Sequencing) tools
that enable rapid and cost-effective genome sequencing for species with or without reference
genomes. The first tool includes production of Dual-Strand-specific mRNA Targeted (DSmRT) probes
from expressed mRNA of species, which could be used for exome sequencing (DSmRT-ES) or bisulfite
sequencing (DSmRT-BS) as the probes target both strands on DNA. DSmRT-ES and DSmRT-BS could
be performed, in parallel, on the same prepared DNA libraries to investigate simultaneously genomic
variations (SNPs or INDELs) and methylation profiling of the same exomes. The efficiency of DSmRT
probes have been tested in Arabidopsis thaliana, A. lyrata and Scots Pine.
SpeED-Seq technology also offers species-specific probes (second tool) called MoPPED (Mitochondria
or Plastid and Proactive-Element Depleted) probes to deplete organelle genomes and other circular
DNA from whole genome sequencing (WGS) or whole-genome bisulfite sequencing (WGBS) projects.
In a plant or animal cell, there is high copy number of organelle DNA (mitochondria or chloroplast in
plants) as well as proactive elements (referring to circular DNA produced from linear nuclear DNA
e.g. transposable elements) compared to two copies of nuclear genome. Therefore, the chance of
obtaining high read depth for these organelles are subsequently much higher than that of nuclear
DNA. Examining the proportion of mitochondria and plastid DNA in WGS data obtained from A. lyrata
populations revealed that ~30% of the reads were mapped to organelle genomes and performing
WGS using MoPPED technology significantly reduced the presence of organelle genome reads.
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[P141] PAN-GENOME OF SILVER BIRCH (BETULA PENDULA)
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Silver birch (Betula pendula) is an important pioneer tree species that grows in boreal forests across
Europe and Asia. We recently assembled the reference genome and carried out a population
genomics study on the species. Selective sweeps were found acting mostly on the genomic regions
originating from whole genome duplications, whereas most recent tandemly duplicated genome
regions were depleted of sweeps.
Here we study the standing pool of genomic structural variation among silver birches by estimating
the pan-genome of silver birch from individuals sampled from 12 different locations across Eurasia.
The individual-specific reads were assembled into scaffolds using SPAdes assembler. After removing
organellar and bacterial contaminants the de novo assembly added 0.2 Mbp of contigs per individual,
containing approximately 68 gene fragments predicted by AUGUSTUS.
Tandemly duplicated genes were enriched among the individual-specific genomes, corroborating
recent results that copy-number variation forms the largest pool of standing variation among
individuals. Gene ontology categories related to environmental responses were found to be enriched
among the dispensable part of the genome.
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[P142] FROM SALINES AND SERPENTINES: ADAPTIVE EVOLUTION OF BRASSICACEAE AND THEIR
MICROBIOME
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There is emerging realisation that every plant is endowed with its own adaptable microbiome. A
growing literature shows plant health, growth, and biomass production are influenced by
microbiomes. In Arabidopsis thaliana, for example, fungal endophyte communities vary with host
genotype and show strong interactions between microbial species. Interaction between host plant
and microbiome has already been successfully used by application of selected bacteria or fungal
strains on crops to enhance stress resilience to drought, for example, in grapevine. It has also
enhanced plant growth and stress resistance in wheat and increased yield in nutrient-stressed barley
cultivars. This suggests great potential for engineering beneficial microbial communities.
We recently observed dramatic within-species, population-level differences in resilience to extreme
saline and serpentine environments in several tractable Brassicaceae species. We hypothesise that
differences in plant microbiomes may influence the remarkable resilience contrasts we observe. In
particular, a subset of Arabidopsis arenosa populations grow in drought prone serpentine sites, while
a subset of Brassica fruticulosa populations are locally adapted to high salt conditions, whereas other
populations in both species are not adapted to these challenges. Thus, we are constructing
microbiome atlases to investigate whether microbiome communities may facilitate adaption to
extreme environments. Additionally,
because serpentine and high saline soil populations have a common characteristic of being
very drought prone, we will test for shared drought specific patterns of community change
between the plant and microbial genomes. We focus on populations that are adapted to high saline
soils and populations adapted to serpentine soils, as both present stringent challenges that are
directly relevant to growing worldwide agricultural need.
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[P143] PHYLOGENOMIC ANALYSES REVEAL THE HIDDEN HYBRIDIZATION HISTORY OF ARABIDOPSIS
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Phylogenomic analyses are recovering previously hidden histories of hybridization, revealing the genomic
consequences of these events on the architecture of extant genomes. Hybridization can lead to the transfer of
genes across species boundaries, impacting the evolution of the recipient species through a process known as
introgression (IG). IG can facilitate sharing of adaptive alleles but can also result in deleterious combinations of
incompatible foreign alleles (i.e. epistatic incompatibility). How hybrids overcome these epistatic hurdles
remains an open question. Here, we characterize IG in Arabidopsis and its closest relatives. We exploit a suite
of genomic resources to show that introgressive hybridization occurred between close relatives of Arabidopsis,
impacting our understanding of species relationships in the group. We show that the vast majority of nuclear
genes were displaced by foreign alleles during the evolution of Capsella and Camelina, obscuring species
relationships. Moreover, a subset of nuclear genes resisted displacement, thereby minimizing epistatic
incompatibilities between the organellar and nuclear genomes, and suggesting one potentially fundamental
mechanism for overcoming barriers to hybridization.
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[P144] ROOT MICRO-ARCHITECTURE OF COMMON BEAN (PHASEOLUS VULGARIS): FOCUS ON THE
ELONGATION-PILIFEROUS ZONE (EPZ)
TEFFAHI Mustapha1, OUNANE Sidi Mohamed1, DREVON Jean Jacques2, BESNARD Olivier3
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Low levels of P limit agricultural production and alter the root architecture (2) ; Root architecture is a
major mechanism involved in phosphorus nutrition of legumes under P- deficiency (1) and an
essential trait to optimize the efficiency of the P acquisition (2).In order to understand how this low P
availability and Type of inoculation modifies the distribution and the growth of roots, specifically in
the elongation-piliferous zone (EPZ), experiments were conducted in a glasshouse using two
Recombinant inbred lines (RILs ) 115 and 147 and two type of inoculum: Rhizobium tropici CIAT 899
and Trichoderma, in hydroaeroponic culture in glasshouse under P sufficiency vs P deficiency .
Morphometric parameters were measured on ten root tips of each treatment using WinRhizo as an
image analysis: EPZ length and diameter, length and diameter of the apical unbranched zone and the
1st branch root diameter. The two RILs showed an increase in the measured parameters under P
deficiency compared to P sufficiency. The RIL 115 show a more developed root system and more
efficiency in acquiring Pi than the RIL 147; In co-inoculated bottles CIAT X Trichoderma, morphometric parameter values are significantly higher compared to bottles inoculated with CIAT only. It is
concluded that with less branched roots RIL 147 exploring less solution volume than RIL115.

Yes

277

[P145] TWO ER-ANCHORED TRANSCRIPTION FACTORS BZIP17 AND BZIP28 JOINTLY REGULATE
ROOT ELONGATION AND CELL GROWTH GENES EXPRESSION
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The unfolded protein response (UPR) is a eukaryotic transcriptional regulatory network that is
activated upon the accumulation of malformed proteins in the endoplasmic reticulum (ER). In
Arabidopsis thaliana, three bZIP transcription factors modulate the UPR: bZIP17, bZIP28, and bZIP60.
Although bZIP28 and bZIP60 have been relatively well studied, the physiological and transcriptional
roles of bZIP17 remain largely unknown. Here, we generated a double knockout mutant of bZIP17
and bZIP28 to elucidate the function of bZIP17. The mutant plant exhibited multiple developmental
defects including markedly reduced root elongation and constantly over-induced bZIP60 activity,
indicating the essential roles of bZIP17 and bZIP28 in plant development and UPR modulation.
Extended analysis of the transcriptomes of three double knockout mutants of bZIP17, bZIP28, and
bZIP60 revealed that bZIP28 and bZIP60 are the major activators of the canonical induced UPR. By
contrast, bZIP17 functions with bZIP28 to mediate the non-inducible expression of multiple genes
involved in cell growth, particularly to sustain their expression under stress conditions. Our study
reveals pivotal roles of bZIP17 in the plant UPR and vegetative development, with functional
redundancy to bZIP28.
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[P146] RICE HOMEODOMAIN PROTEIN WOX11 RECURITS A HISTONE ACETYLTRANSFERASE
COMPLEX TO ESTABLISH PROGRAMES OF CELL PROLIFERATION OF CROWN ROOT MERISTEM
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Rice Homeodomain Protein WOX11 Recruits a Histone Acetyltransferase Complex to Establish
Programs of Cell Proliferation of Crown Root Meristem
Shaoli Zhou,a Wei Jiang,a Fei Long,a Saifeng Cheng,a Wenjing Yang,a Yu Zhao,a,1 and Dao-Xiu Zhoua,b,1
a
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Institute Plant Science Paris-Saclay (IPS2), CNRS, INRA, Université Paris-sud 11, Université ParisSaclay, 91405 Orsay, France
Shoot-borne crown roots are the major root system in cereals. Previous work has shown that the
Wuschel-related homeobox gene WOX11 is necessary and sufficient to promote rice (Oryza sativa)
crown root emergence and elongation. Here, we show that WOX11 recruits the ADA2-GCN5 histone
acetyltransferase module to activate downstream target genes in crown root meristem. Rice ADA2
and GCN5 genes are highly expressed in root meristem and are shown to be essential for cell division
and growth. WOX11 and ADA2-GCN5 commonly target and regulate a set of root-specific genes
involved in energy metabolism, cell wall biosynthesis, and hormone response, some of which are
known to be important for root development. The results indicate that the recruitment of ADA2GCN5 by WOX11 establishes gene expression programs of crown root meristem cell division and
suggest that permissive chromatin modification involving histone acetylation is a strategy for WOX11
to stimulate root meristem development.
1
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[P147] AT-HOOK MOTIF NUCLEAR LOCALIZED PROTEINS IN THE XYLEM PATTERING OF
ARABIDOPSIS ROOT
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Cell fate determination and differentiation is an important process in the development of
multicellular organisms. In plants, protein-protein interaction and intercellular movement of various
regulatory proteins are crucial for this. Previous research from our lab revealed that two novel
factors, AT-HOOK MOTIF NUCLEAR LOCALIZED PROTEIN 3 (AHL3) and AHL4 define xylem boundary in
the Arabidopsis root apical meristem. The interaction between these two putative transcription
factors were found to be essential for xylem boundary, however how they function through protein
interaction has not been investigated. In this context, we expanded yeast-2-hybrid assay to analyze
the interaction between AHL3/4 and other AHL members. We found that AHL3 and AHL4 proteins
interact extensively with other AHL proteins that belong to the same clade of AHL gene family as
AHL3 and 4. Since some of these AHL proteins are expressed in a root stele enriched manner, we
further investigated whether these AHL members interacting with AHL3/4 are also involved in the
xylem boundary regulation. And, we found that single mutants of AHL1 AHL2 and AHL7 genes show
the perturbation in xylem boundaries like ahl3 and ahl4 mutants. These data collectively suggest that
multiple AHL proteins might define xylem boundary in both redundant and complementary manners
by forming multimeric protein complexes.
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[P148] ROOT DEVELOPMENT OF NATURAL VARIATION OF ARABIDOPSIS THALIANA UNDER
OSMOTIC STRESS CONDITIONS.
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Drought is an environmental factor that affects growth and survival of many plants species.
Understanding the genetic and physiological mechanisms of plant response to drought is important
for understanding the evolution of natural species and may contribute to improve crop response to
this stress condition. Arabidopsis thaliana is the model species used to carry out genetics and
molecular biology studies on plants. Recently it has become a good model also in the field of
evolution of development since it has many natural accessions that are found adapted to different
environmental conditions around the word. Besides, its root has become an “in vivo” study model to
understand the molecular mechanisms that underlie the modulation of proliferation and
differentiation rates during different environmental conditions. To elucidate plant strategies to
survive in specific environments, we evaluated the growth of the primary root of 125 Arabidopsis
accessions that were collected in different geographical points. We showed the wide variability in
primary root length and the differences between some of these ecotypes in proliferation and
differentiation rates. Besides, we analyzed the different climate and some geographical patterns of
the places where the ecotypes naturally growth and presented the correlation that we found
between the environment and primary root growth. Finally, we showed the primary root phenotypic
response to osmotic stress in control laboratory conditions of all the ecotypes and identify some
candidate genes for root growth adaptation in this stress condition.
This work was supported by CONACYT: 240180, 180380 and PAPIIT; UNAM: IN211516, IN208517,
IN205517, IN204217
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[P149] A TOOLKIT FOR NON-INVASIVE MONITORING OF CELL PROLIFERATION IN WHOLE
DEVELOPING PLANTS
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Plant organ development is a postembryonic process that occurs in the adult in a continuous
manner. Consequently, a strict balance between cell proliferation and differentiation is required. In
addition, many cells undergo one or more endoreplication cycles as part of their normal
differentiation program. Therefore, growing plant organs consist of populations of dividing,
endoreplicating and differentiated cells all derived from a few stem cells. The transitions between
the different cell pools are integrated and respond to developmental and environmental cues. In
fact, cell cycle control influences greatly developmental programs, e.g. increased or decreased
proliferation rates affect organ growth and shape.
To get insight into the coordination of the different processes that influence organ development it is
important to identify cells in a non-invasive manner progressing through the different phases of the
cell cycle. We have used synthetic biology procedures to express simultaneously in a single plant and
from a single locus, fluorescently-labelled proteins that unambiguously identify cells in G1, S/G2 and
G2/M. (1) As a G1 marker, we used a CFP-labelled prereplication complex protein that is loaded in
early G1 and rapidly degraded soon after S-phase initiation in a proteasome-dependent manner. (2)
S-phase cells are followed by the incorporation of a canonical histone H3.1-mCherry, which is
maintained through mitosis in actively dividing cells and excluded late in G2 in cells undergoing their
last mitotic cycle1. (3) Finally, G2/M cells are labelled with CYCB1;1-Venus, with a maximum in late G2
and degraded by the APC in anaphase2. These markers are also useful to follow endoreplicating cells.
The combination of these three markers in a single organism allows monitoring all the cell cycle
phases and constitutes an important tool to study cell cycle regulation during growth in wild type and
mutant backgrounds, or in response to internal and external signals.

Yes

282

[P150] GIBBERELLIC ACID PROMOTES XYLEM PROLIFERATION AND VESSEL EXPANSION BY
RESPECIFYING THE STEM CELL NICHE
Riikka Mäkilä1 2, Ondrej Smetana1 2, Ari Pekka Mähönen1 2
1
University of Helsinki, Institute of Biotechnology, HiLIFE, Helsinki, Finland
2
University of Helsinki, Faculty of Biological and Environmental Sciences, Helsinki, Finland
Cambial cell divisions lead to formation of secondary vasculature and thus radial growth of plant
organs. In Arabidopsis roots, cambium is activated from procambium after primary development. We
have recently shown that local auxin maximum positions the stem cell niche to drive secondary
development. Gibberellic acid (GA) is a crucial regulator of growth and development and in multiple
developmental contexts it is known to interact with auxin signalling and transport. GA has also been
shown to promote xylem cell expansion and proliferation during secondary growth. For these
reasons we wanted to see whether GA also affects cambial stem cell niche. First we studied the
effect of GA during the secondary growth. Secondary growth rate of GA-treated plants is similar to
controls, but the proportion of xylem area compared to whole vasculature area is increased. Also,
these plants produce significantly more secondary xylem vessels and these vessels are more
expanded than in the controls. Lineage tracing is a method to identify progeny of a single cell within
a tissue. To understand intercellular dynamics during secondary development, we performed lineage
tracing analysis in mature root. Lineage tracing revealed that GA application leads to respecification
of stem cell niche on the phloem side of the cambium, and thus increased xylem production. Since
our previous studies have shown that local auxin maximum positions stem cell niche of the vascular
cambium, we started to investigate whether changes in auxin accumulation would explain the GAinduced phenotype. Preliminary results suggest that GA application indeed enhances auxin response
and consequently cambial marker expression in the vascular cambium, thus supporting our
hypothesis. These data accompanied with the recent updates on the topic will be presented in the
meeting.
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[P151] IDENTIFICATION AND CHARACTERIZATION OF ARABIDOPSIS THALIANA TRANSGENIC
STRAINS EXPRESSING ARTIFICIAL MICRORNAS, WHICH ARE DEFECTIVE IN RESPONSE TO INDOLE-3CARBINOL
Hala Khamesa1, Alin Finkelshtein1, Eilon Shani1, Daniel A. Chamovitz1
1
Tel Aviv University, School of Plant Sciences and Food Security, Tel Aviv-Yafo, Israel
Indole-3-carbinol (I3C) is a small molecule produced as a breakdown product of glucosinolates in the
Cruciferae family following mechanical damage or insect attack. I3C functions as a protective agent
against foraging insects. It is also implicated in human health with significant anti-cancer properties.
In Arabidopsis, exogenously applied I3C inhibits root elongation in a dose dependent manner, acting
as an auxin antagonist that competes for the binding site of the auxin receptor Tir1. Autophagy
induced following I3C treatment is specific, targeting auxin receptors. Yet, little else is known about
I3C perception, signaling and detoxification. This work aims at identifying novel components of the
pathways interacting with I3C signaling in Arabidopsis. We employed a genome-scale artificial
microRNA (amiRNA) screen, using modified Arabidopsis thaliana miR319a precursor to express
amiRNAa targeting protein kinase families, to identify strains with either enhanced or reduced
responses to exogenous I3C. We have identified and confirmed two strains where the amiRNA downregulates distinct protein kinase families. Strain I3CR2 shows significant resistance to I3C-induced
root growth inhibition, while strain I3CS1 is hypersensitive to I3C. Our analyses indicate that the
kinase families identified intersect I3C signaling through auxin-independent pathways.

Yes

284

[P152] CHARACTERIZATION OF AN ARABIDOPSIS SHORT ORF, SORFC03, ASSOCIATED WITH
REGULATION OF NITROGEN-DEPENDENT LATERAL ROOT DEVELOPMENT
Kazuhiro Ito1, Ayu Yamamoto1, Takeshi Yamaguchi1, Kousuke Hanada2, Koh Iba1, Kensuke Kusumi1
1
Kyushu University, Department of Biology, Faculty of Science, Fukuoka, Japan
2
Kyusyu Institute of Technology, Department of Bioscience and Bioinformatics, Iizuka, Fukuoka,
Japan
Nitrogen (N) is an important factor for the basis of metabolism for plant growth. While knowledge
and understanding of N metabolism has improved considerably over the last several decades, most
of the key factors involved in these processes still remain uncharacterized. Recently, short open
reading frames (sORFs) were found in the known intergenic regions in eukaryotes. In Arabidopsis,
about 8,000 sORFs have already been identified, however, most of them remain uncharacterized. In
this study, we characterized one of these sORFs, sorfc03, which is suggested to be involved in the
regulation of lateral root (LR) development associated with N metabolism. It has been known in
Arabidopsis that high N supply has an inhibitory effect on LR development. Phenotypic analysis
indicated that LR growth of sorfc03-knockout plants (03-KO) was not repressed even under the N-rich
growth condition (30 mM), whereas that in the sorfc03-overexpressing plants (03-OX) was reduced in
the same condition as observed in the wild type. Under the N-limited condition (0.03 mM), LR growth
of the 03-KO plants was comparable to that in the wild type. qRT-PCR analysis indicated that
expression of sorfc03 in the root tissue was enhanced under N-rich condition. Structural analysis
showed that sorfc03 protein has a cysteine-rich domain at its C terminus, and was predicted to be
secreted extracellularly. Immunoblot analysis suggested that the sorfc03 protein was cleaved into a
∼5-kDa peptide corresponding to the C-terminus cysteine-rich domain. These findings suggest the
possibility that sorfc03 encodes a novel signaling peptide that functions as a negative regulator of LR
development under N-rich conditions.
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[P153] FINE TUNING OF ROOT HAIR GROWTH BY A TRANSCRIPTIONAL REGULATORY NETWORK
Michitaro Shibata1, Bart Rymen1, Ayako Kawamura1, Keiko Sugimoto1
1
RIKEN, Center for Sustainable Resource Science, Yokohama, Japan
How plants determine the final size of growing cells is an important, yet unanswered question. Root
hairs provide an excellent model system to study this question since their final cell size is remarkably
constant under constant environmental conditions. Recently, we have demonstrated that a trihelix
transcription factor GT-2-LIKE1 (GTL1) is required for fine tuning of root hair growth (Shibata et al.,
Development 2018). The double knock-out mutant of gtl1 and its homolog df1 fails to terminate hair
growth compared to wild-type. Consequently, the gtl1 df1 mutant has longer root hairs than those of
wild-type. To reveal the underlying molecular mechanisms, we performed transcriptional analysis
and chromatin immune-precipitation (ChIP) analysis. Our data showed that GTL1 terminates root hair
growth by directly repressing ROOT HAIR DEFECTIVE 6-LIKE 4 (RSL4), a bHLH transcription factor that
promotes root hair growth. In addition to RSL4, we found that other key transcription factors
required for optimal root hair growth are also directly suppressed by GTL1, suggesting that GTL1
functions as a “master braking system” of root hair growth.
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[P154] CELL FATE DECISION DURING RADIAL PLANT GROWTH - MAKING A CASE FOR PHLOEM
FORMATION
Thomas Greb1, Eva-Sophie Wallner1, Vadir López-Salmerón1, Virginie Jouannet1, Nina Tonn1
1
Centre for Organismal Studies, Developmental Physiology, Heidelberg, Germany
Body shaping in multicellular organisms depends on the activity of distinct stem cell niches
coordinated over long distances. Radial growth of plant shoots and roots is based on the tissueforming properties of a group of stem cells called the cambium, the activity of which leads to the
production of water and sugar transporting tissues (xylem and phloem). Here, we show that
SUPPRESSOR OF MAX2 1-LIKE (SMXL) genes, associated with the signaling of the plant hormone
strigolactone (SL), are expressed in developing phloem cells along the entire plant body. We
demonstrate that, within the SMXL gene family, specifically SMXL3/4/5 deficiency results in strong
and general defects in phloem formation, altered sugar accumulation, and seedling lethality. By
comparing protein stabilities, we also show that SMXL3/4/5 proteins function differently to canonical
SL signaling mediators, although being functionally interchangeable with those under low SL signaling
conditions. Genetic and physical interaction of SMXL proteins with proteins containing a PHD finger
motif suggests that chromatin remodeling is an essential feature of SMXL-dependent phloem
specification. Our observations reveal a fundamental mechanism of cell type specification and
indicate that SMXL proteins are part of a machinery of nuclear regulators initiating a distinct
developmental program.
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[P155] TARANI/ATUBP14 REGULATES LATERAL ROOT EMERGENCE BY REGULATING THE
DEGRADATION OF AUX/IAA TRANSCRIPTIONAL REPRESSORS IN ARABIDOPSIS THALIANA
Parinita Majumdar1 1 1, Utpal Nath1
1
Indian Institute of Science, Microbiology and Cell Biology, BENGALURU, India
The root system architecture (RSA) is an important parameter controlling the developmental
plasticity and adaptability of plants under different biotic and abiotic stress conditions. The RSA is
determined by the growth pattern of the primary root, its gravitropic angle and branching through
the formation of lateral roots. Elucidating the genetic mechanism of RSA and lateral root growth has
been limited by the small number of mutants isolated in this pathway. A forward genetic screen in
our laboratory had identified a mutant in Arabidopsis thaliana, named tarani (tni) that makes fewer
lateral roots. Genetic interaction studies of tni with known mutants with defects in lateral root
formation revealed that TNI acts in parallel to TIR1 and AUX1, downstream to ARF7, ARF19 and
YUCCA6 in regulating lateral root formation. The activity of auxin responsive reporters DR5::GUS and
IAA2:GUS are significantly reduced in tni, suggesting that TNI acts in the auxin signalling pathway to
regulate lateral root development. Moreover, tni is hypo-sensitive to exogenous auxin administration
and hypersensitive to the auxin transport inhibitor N-1-napthylpthalic acid. TNI codes for Ubiquitin
Specific Protease 14 in Arabidopsis. Our data, corroborated by others, have shown that TNI is
required to maintain ubiquitin homeostasis by hydrolyzing poly-ubiquitin chains into mono-ubiquitin
in Arabidopsis. Tissue specific down-regulation of TNI using amiR against TNI in the lateral root
primordium (LRP) resulted in fewer lateral roots as in tni mutant, implying that tni is a loss-offunction mutant. The stabilization of AUX/IAA repressors in tni explained its reduced auxin response
which is reflected in the lateral root emergence defect since auxin is critical for lateral root
development from initiation to emergence. Our study delineates a novel function of UBP14 in
regulating post-embryonic development of lateral root through controlled degradation of AUX/IAA
repressors by 26S ubiquitin/proteasomal pathway.
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[P156] TRANSCRIPTIONAL REGULATORY FRAMEWORK FOR VASCULAR CAMBIUM DEVELOPMENT
IN ARABIDOPSIS ROOTS
Jing Zhang1, Juan Antonio Alonso Serra1, Melis Kucukoglu1, Gugan Eswaran1, Jiale Xiang1, Weibing
Yang2, Annakaisa Elo2, Kaisa Nieminen1 3, Sebastian Ahnert2, Ji-Young Lee4, Ari Pekka Mähönen1, Ykä
Helariutta1 2
1
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2
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3
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4
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Vascular cambium is a secondary meristem which produces xylem (wood) inwards and phloem (bark)
outwards. The activity of cambium leads to expansion in the diameters (secondary growth) and thus
contributes to biomass increase. Arabidopsis roots can undergo secondary growth and therefore
become a good model to study cambium and wood development. The regulation of cambium
development is at multilevel including phytohormones and peptide-receptor kinase (CLE41/44-PXY)
signalling pathways. However, only limited progress has been made on the transcriptional regulation
level. To construct the transcriptional network that regulates cambium development, we performed
a genome wide transcript profiling in combination with Fluorescence Activated Cell Sorting (FACS)
using ARR15::GFP as a cambium marker. Resulted gene expression data were compared against
databases representing transcriptomes of other Arabidopsis root cell types and more than 500 genes
were cambium abundant. We then selected 29 transcription factors (TFs) plus their homologous
genes in our study. Many of the candidate genes were expressed in cambium based on the promoter
GUS fusion and in situ hybridization. To construct an unbiased transcriptional regulatory network,
qRT-PCR profiling data collected from inducible overexpression lines for candidate genes were used.
A few major nodes were identified in the network including WOX4 and KNAT1. Moreover, the
severity of mutant phenotypes was predicted based on the network. Combinatorial mutants among
TF families were then generated using the prediction as a guide. Phenotype characterization on the
secondary growth of the mutants and the overexpression lines identified promoters and inhibitors of
cambium activity. Further analyses using new quantification approach LithoGraphX indicated that
certain candidate genes also regulate the differentiation of xylem and phloem. The phenotypic data
suggested redundancy within and among TF families because the phenotypes could be enhanced
when additional TFs were mutated or overexpressed. We herein propose a genetic framework based
on all the data obtained.
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[P157] UNEARTHING LATERAL ROOT ANGULAR PATTERNS: AN INTERPLAY OF JASMONIC
ACID, LIGHT AND GLUCOSE SIGNALLING IN ARABIDOPSIS
Manvi Sharma1, Muhammed Jamsheer K1, Ashverya Laxmi1
1
NATIONAL INSTITUTE OF PLANT GENOME RESEARCH, NEW DELHI, India
Root branches grow at specific angles with respect to the gravity vector in order to secure anchorage
and capture resources. Recent studies have identified auxin as a key phytohormone that maintains
non-vertical angle of lateral roots (LRs). However, currently, not much is known about the role of
jasmonic acid (JA) and its interaction with auxin in controlling growth angles. In this study, we have
identified the role of methyl jasmonate (MeJA) in altering the branching angle of Arabidopsis roots.
We show that MeJA inclines LRs to a more vertical orientation and this response is found to be
dependent on JA biosynthesis and SCFCOI1-MYC2, 3 and 4 signalling. We also demonstrate that light
mediates its effect on branching angle by a combined effect via phytochrome and photosynthesis.
Light perception and signalling via PHYTOCHROME A and B (PHYA, PHYB) and Long hypocotyl (HY5)
coordinates with MeJA to induce steeper branching angles. Whereas, light via photosynthesis leads
to the production of sugars, which may have profound effect on branching angles. In this study,
glucose (Glc) induced wider branching angles of Arabidopsis roots in a dose dependent manner and
antagonized the MeJA response via the HEXOKINASE 1 (HXK1) mediated signalling pathway. Since
auxin machinery is critical to the regulation of branching angle, we found that MeJA mediated
modulation of branching angle requires auxin transport, redistribution and auxin signalling. Thus, this
study highlights an interplay between light as the key environmental factor with Glc and hormone
and the dual role of light to optimise branching angle of Arabidopsis roots which is a key determinant
of foraging capacity of plants.
A portion of abstract has been presented before in International Conference on Plant Developmental
Biology (ICPD), 2017 in NISER, India.
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[P158] THE ARABIDOPSIS LASSO1 MUTANT LINKS ROOT GRAVITROPIC RESPONSE AND SALT STRESS
Fanchon Divol1, O'connor Claire1, Soriano Alexandre1, Thompson Megan2, Hrabak Estelle2, Peret
Benjamin1
1
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2
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Plants display considerable developmental plasticity in response to changing environmental
conditions. The adaptations of the root system to variations of growth conditions are an excellent
model to study developmental plasticity. In an effort to identify mutants altered in root perception to
salt stress, we screened an activation tagging collection (Weigel et al. 2000) and identified the lasso1
mutant that displays a strong agravitropic root growth on standard medium. Interestingly, the lasso1
mutant phenotype is partially reverted by salt and osmotic stress (sorbitol) application. The aux1
mutant, harboring a mutation in the auxin influx transporter AUX1 (Bennett et al. 1996), displays a
strikingly similar root agravitropic phenotype. We demonstrated that (i) lasso1 is not allelic to aux1,
(ii) the AUX1 protein localization is not altered in lasso1, and (iii) neither salt nor osmotic stress alter
aux1 agravitropic root growth. We thus make the assumption that different molecular mechanisms
are responsible for the phenotypic behavior of lasso1 and aux1. Auxin transport is at the core of root
gravitropic response, so we analyzed the perturbation of the auxin response marker DR5::GFP in the
root tips of lasso1. Our results suggest a strong accumulation of auxin in the root columella and
lateral root cap and we are now focusing on the auxin efflux transporters from the PIN family.
Segregation studies have demonstrated that the lasso1 phenotype is independent of the activation
tagging T-DNA and therefore the sequencing of lasso1 genome is in progress to search for the origin
of the mutation. This study will help us to identify new molecular mechanisms involved in the
perception and integration by roots of their environment (gravity, salt, water).
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[P159] CLE40 ACTIVATED DOWNSTREAM SIGNALING CASCADE IN THE ROOT MERISTEM
Maike Breiden1, Vilde Olsson2, Melinka A. Butenko2, Rüdiger Simon1
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2
Department of Biosciences, Section for Genetics and Evolutionary Biology (EVOGENE) , Oslo, Norway
Communication between plant cells and their biotic environment is largely dependent on the
function of plasma membrane localised receptor-like kinases (RLKs). One of the major players in this
communication within root meristems are secreted peptides, including CLAVATA3/EMBRYO
SURROUNDING REGION40 (CLE40). Mutations in CLE40 lead to multiple growth defects, reduced
pathogen protection and a strong growth retardation upon increased temperatures. In the distal root
meristem, CLE40 acts through the RLK ARABIDOPSIS CRINKLY4 (ACR4) and the LRR-RLK CLAVATA1
(CLV1) to promote cell differentiation. In the proximal meristem, CLE40 signalling requires the LRRRLP CLAVATA2 (CLV2) and the membrane localized pseudokinase CORYNE (CRN) and serves to inhibit
cell differentiation. The molecular components that act immediately downstream of the CLE40activated receptors are not yet known, but we discovered, using a red genetically encoded calcium
indicator (R-GECO1), that active CLE40 signalling triggers the release of intracellular Ca2+. Using live
cell imaging of Ca2+ transients in the root of loss of function mutants in the proposed signaling
cascades together with genetically encoded Ca2+ indicators (e. g. R-GECO1) should give more insight
into the cascade´s architecture. Ca2+ transients can be triggered by G-protein activation. Interplay of
CLV1 and G-protein subunits was shown, because mutations in Gα and Gβ subunits resemble clv1like mutant phenotypes in maize. The expression patterns of selected G-protein subunits are
analyzed using reporter lines expressing the GUS or YFP reporter genes under the control of the Gprotein promotors. The possible activation of kinase cascades or other after CLE40p treatment is
addressed by using phosphoproteomics upon CLE40 treatment.
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[P160] ENDODERMIS REMODELING DURING LATERAL ROOT FORMATION IN ARABIDOPSIS
THALIANA
Robertas Ursache1, Martha Thellmann2, Tonni Grube Andersen1, Joop Vermeer2, Niko Geldner1
1
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2
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Plants roots take up essential nutrients and block out unwanted compounds from the soil by using a
selective barrier in the roots known as the endodermis. Endodermis contains ring-shaped and ligninbased Casparian strips that act as diffusion barriers. Later in development, endodermal cells suberize
to produce 'patchy' suberization that eventually leads to a zone of continuous suberin deposition.
The two impermeable polymers, lignin and suberin, affect paracellular and transcellular transport,
respectively. Despite the chemically resistant nature of these polymers, the plant must locally
remodel them during lateral root formation, as well as to seal the sites flanking lateral root primordia
in order to prevent the infection by various pathogens. Using various genetic tools (Vermeer et al.,
2014), we have identified several auxin-induced and endodermis-enriched candidate proteins which
are important for endodermis remodelling during lateral root formation. Furthermore, to study the
changes in cell wall composition during lateral root formation, we have developed a ClearSee-based
toolbox in which a number of classical histological stains for lignin, suberin and other cell wall
components can be used together with fluorescent reporter lines (Ursache et al., 2018). We hope
that our ClearSee-adapted protocols will improve and speed up anatomical and developmental
investigations in various plant species.
References:
Vermeer JE, von Wangenheim D, Barberon M, Lee Y, Stelzer EH, Maizel A, Geldner N. (2014) A spatial
accommodation by neighboring cells is required for organ initiation in Arabidopsis. Science,
343(6167):178-83.
Ursache R, Andersen TG, Marhavý P, Geldner N. (2018) A protocol for combining fluorescent proteins
with histological stains for diverse cell wall components. The Plant Journal, 93(2):399-412.
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[P161] AUXIN-COORDINATED CYTOSKELETON REORGANISATION IS ESSENTIAL FOR PROPER
LATERAL ROOT DEVELOPMENT IN ARABIDOPSIS
Vilches Barro Amaya1, Reyes Jazmin1, Ruiz Duarte Paola1, Bald Lotte1, Vermeer Joop2, Alexis Maizel1
1
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The formation of lateral roots determines the root system architecture and therefore the plants
ability to uptake nutrients and water. Lateral root formation commences when founders cells located
in the pericycle divide and create a dome-shaped lateral root primordium (LRP), which crosses the
overlying endodermis, cortex and epidermis to emerge at the surface of the parent root. Previous
works have shown that lateral root formation is characterized by typical cell deformation. During
initiation, founder cells invariably increase asymmetrically in volume, their nuclei migrate and the cell
undergo a first formative anticlinal division. These events are essential to set up the correct
morphogenetic path of the lateral root. During emergence, the endodermis undergoes thinning to let
grow the primordium through it. How these cell remodeling events are coordinated and executed is
unknown. Here, we used live imaging to show that upon lateral root initiation the actin and cortical
microtubules networks reorganize controlling the asymmetric swelling and division of the founder
cells. During emergence, remodeling of the microtubule network is instrumental for thinning of the
endodermis and proper lateral root emergence. We show that auxin signaling plays a pivotal role in
coordinating these responses. Our results suggest that a role of auxin is to coordinate the
reorganization of the cytoskeleton to ensure proper cell remodeling and postembryonic organ
morphogenesis.
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[P162] ACTIVATED EXPRESSION OF A NUCLEASE-LIKE PROTEIN DGM1 ENHANCES ROOT HAIR
PRODUCTION IN A RHD6-DEPENDENT MANNER
Li Song1, Dong Liu1, Qike Zeng1
1
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As an essential macronutrient, phosphorus plays vital roles in plant growth and development. At
present, phosphate（Pi）deficiency in soils has become one of the major limiting factors for
agricultural production. Enhanced root hair production, which increases the root surface area for
nutrient uptake, is a typical adaptive response of plants to Pi starvation. To date, however, the
molecular mechanism of how Pi starvation induces root hair development remains unknown.
In previous study, by analyzing transcriptomes of ethylene signaling-related mutants, we identified a
group of ethylene-regulated genes which might be involved in Pi starvation-induced root hair
development. Overexpressing one of these genes, DGM1, which encodes a putative DNA
endonuclease, caused plants to enhance root hair formation. Under Pi deficiency, DGM1overexpressing plants showed further increase of root hair formation. Pi starvation significantly
induces DGM1 accumulation at both mRNA and protein levels. DGM1 protein directly interacts with
RHD6 (ROOT HAIR DEFECTIVE 6), a transcription factor of bHLH family, which plays a key role in root
hair development. The expression level of the genes targeted by RHD6 is highly induced in DGM1overexpressing plants. Genetic analyses showed that the function of DGM1 in promoting root hair
development is dependent on the presence of RHD6. Through these studies, we identified a novel
molecular component involved in regulating Pi starvation-induced root hair development.
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[P163] CELLULAR COMMUNICATION DURING LATERAL ROOT FORMATION IN ARABIDOPSIS
Dorothee Stoeckle1, Amaya Vilches Barro2, Martha Thellmann1, Robertas Ursache3, Niko Geldner3,
Alexis Maizel2, Joop Vermeer1
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Intercellular communication is central for the development of an organism. It is mediated by
biochemical gradients as well as physical forces that collectively regulate differentiation and
development. Lateral root formation is a developmental process in which the integration of chemical
signals and physical forces is evident. Lateral roots are initiated deep within the primary root from
dividing pericycle cells, necessitating growth through overlying endodermal, cortical and epidermal
cell layers. During its development, the lateral root heavily depends on spatial accommodating
responses of these overlaying cell layers. We have shown that pericycle cells need to swell in order to
undergo formative divisions, whereas the overlying endodermis concomitantly undergoes a dramatic
volume loss during lateral root formation. Through manipulating SHY2-mediated auxin signalling in
the endodermis, we were able to completely block cell proliferation in the pericycle. It appears that
the pericycle perceives the non-accommodating endodermis as an increased resistance to its
expansion growth. The pericycle-endodermis interaction provides a unique opportunity to elucidate
the molecular and cellular mechanisms underlying spatial accommodation in plant development.
Using live-cell imaging we are characterizing cytoskeleton dynamics and changes in cell shape during
formative divisions and growth through the endodermis. To further dissect the contribution of the
cytoskeleton in these processes, we have developed genetic tools to specifically disturb the
microtubule or actin cytoskeleton in the pericycle or endodermis. In parallel we are characterising
the Micorotubule Associated Protein MAP70-5 as a candidate regulator of spatial accommodating
responses. I will present our latest results in our quest towards understanding spatial
accommodating responses.
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[P164] IDENTIFICATION OF AN ARABIDOPSIS MUTANT WITH ALTERED ROOT HAIR FORMATION
Satoshi Iuchi1, Atsuko Iuchi1, Keishi Osakabe2, Yuriko Osakabe2, Kanari Shimada3
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Root hairs increase root surface area and water/nutrient absorption in plants. We isolated a novel
Arabidopsis mutant for an unknown gene namely bubbly root hair-1 (brh-1), which forms bubbly root
hairs in gork mutant background. GORK is expressed in guard cells and controls stomatal closing that
responses to ABA during drought stress. GORK is also expressed in root hairs, however, the physical
roles have not been identified yet. We observed the precise developmental timing of brh-1 abnormal
root hairs. The results showed that the mutant root hair is developed normally just after the
germination, whereas the bubbly root hair begins to develop at the early growth stage of the young
seedling. To identify the causative gene for brh-1 and how it is involved in root hair formation with
GORK, we narrowed down the location of the target gene to a 155 kbp region by the fine-mapping. In
the complementation test, the overlapped 10-15 kbp chromosome fragments in this region were
cloned into TAC vector and transformed in brh-1gork, respectively. We will perform the phenotypic
analysis of root hairs in T1 plants to identify the gene for brh-1.
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[P165] A HIGH-TEMPORAL-RESOLUTION GENE EXPRESSION ATLAS OF THE PHLOEM SIEVE
ELEMENTS IN THE ARABIDOPSIS ROOT
Jung-ok Heo1 2, Bernhard Blob2, Maria Angels de Luis Balaguer3, Winnie Lau4, Rosangela Sozzani3,
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Conducting tissues of plant vasculature consist of phloem sieve elements (SEs) and xylem tracheary
elements. SEs are highly specialized tissue type responsible for the long distance transport of
photosynthates and developmental signals. In the root of Arabidopsis, there are approximately 25
cells from the stem cell to the enucleating cell in a lineage of protophloem SE. Along the
developmental gradient, self-renewal stem cells and progenitors reside close to the quiescent centre
of the root, in which consecutive asymmetric cell divisions take place to give rise to procambium and
meta-/proto-phloem sieve elements. Subsequently, cells in the protophloem SE lineage enter a
highly proliferative state. The following SE differentiation displays dynamic cellular processes, such as
sieve plate formation, organelle rearrangement, cytosolic degradation and enucleation. A collection
of fluorescent reporter lines that exhibit temporally distinct expression patterns has been generated
and subjected to fluorescence activated cell sorting (FACS). Transcriptomes of FACS-isolated cell
populations were analysed to identify new regulators of phloem development and to understand
differential gene expression over a developmental progression. In addition, we’ve collected a pool of
500 cells individually for single cell RNA sequencing. Our single-cell transcriptomic data has been
projected onto a pseudo-time ordering to explore temporal gene expression dynamics. These
datasets will be bases for the inference of a phloem-specific gene regulatory network. Moreover, we
have been modifying PLETHORA (PLT) gradient, a global regulator of the root meristem zonation,
specifically in the SEs to understand cell state transitions. Our ectopic overexpression and inducible
phloem-specific CRISPR-Cas9 data suggests PLT gradient directs the temporal patterning of
developing SE, and this appears to be partially through the repression of enucleation pathway which
is mediated by APL-NAC45/86-NENs.
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[P166] CYTOKININ RESPONSIVENESS INVOLVES RNA METHYLATION DURING ARABIDOPSIS
DEVELOPMENT
Raili Ruonala1 2, Eva Hellmann1, Donghwi Ko1, Hanna Help-Rinta-Rahko2, Huili Liu1, Sedeer el-Showk2,
Ronni Nielsen3, Anders Haakonsson 3, Ondrej Novak4, Miriam Llorian5, Tanya Waldie1, Zsuzsanna
Bodi6, Susanne Mandrup3, Karin Ljung4, Liisa Holm2, Rupert Fray6, Markku Varjosalo2, Chris Smith5,
Ottoline Leyser1, Finn Kirpekar3, Ykä Helariutta1 2
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University of Southern Denmark, Department of Biochemistry and Molecular Biology, Odense,
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5
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We study cell patterning events involved in plant vascular development, utilizing the Arabidopsis
primary root as our model system. Earlier, we have shown that phytohormones cytokinin and auxin
interactively specify vascular patterning during root development. To identify novel factors that may
participate in the cytokinin and auxin signalling pathways, and modify vascular patterning, we
perform genetic screens for misexpression of specific markers in the Arabidopsis primary root. One
such marker for vascular patterning is ARABIDOPSIS HISTIDINE PHOSPHOTRANSFER PROTEIN 6
(AHP6), a spatially specific inhibitor of cytokinin signalling that is also regulated by auxin (Mähönen et
al. 2006). Based on this approach, we have identified two loci that are involved in RNA methylation.
Here, we introduce a mutant initially distinguished by an expanded AHP6 expression domain in a
cytokinin hyposensitive background. This novel mutant is also characterized by a distinct shoot
developmental phenotype. Furthermore, the mutation can induce the formation of a storage root like structure in Arabidopsis, characteristic to some crop species (such as radish or turnip) of the
Brassicaceae family. We study how the RNA modification affects cytokinin responsiveness and
development in the Arabidopsis root and shoot.
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[P167] EVOLUTION AND MOLECULAR FUNCTION OF IDA-LIKE PEPTIDES
Renate Alling1, Reidunn Birgitta Aalen1, Chun-Lin Shi1
1
University of Oslo, Department of Biosciences, Oslo, Norway
INFLORESCENCE DEFICIENT IN ABSCISSION (IDA) is a small peptide ligand that signals through the
leucine-rich receptor-like kinases HAESA (HAE) and HAE-LIKE 2 (HSL2), to regulate cell separation
events both in reproductive organs and in the root of the model plant Arabidopsis thaliana1,2,4. A
recent phylogenetic analysis indicated that IDA and HSL2 were present in the common ancestor of
flowering plants5. However, all flowering plants investigated up to now have, besides orthologues of
IDA, several genes encoding IDA-LIKE (IDL) peptides5. They share a common 12 amino acids long
motif which for IDA and IDL1 have been shown to be binding and activating HAE and HSL2 receptors.
Genetic and biochemical evidence suggest that IDL1 is functionally very similar to IDA, and controls
root cap sloughing in Arabidopsis3,4. Nothing is known about the function of the other IDL genes. In
the current project the goal is to sort out the phylogenetic relationship of the IDL genes and identify
the processes in which they are involved by studying recently generated single, double and triple
mutant lines. By comparison of expression patterns and mutant phenotype for IDL- and HSL- genes
we hope to identify the receptors specific for the different IDL peptides. Results from these analyses
will be presented.

3. Aalen, R. B. et al. 2013. J Exp Bot, 64(17), 5253-5261. doi:10.1093/jxb/ert338
4. Kumpf, R. P. et al 2013. Proc Natl Acad Sci U S A, 110(13), 5235-5240.
doi:10.1073/pnas.1210835110
5. Shi, C.-L. et al. 2018. Nature Plants. (Not yet published).
6. Stenvik, G. E. et al. 2008. Plant Cell, 20(7), 1805-1817. doi:10.1105/tpc.108.059139
7. Stø, I. M. et al. 2015. Front Plant Sci, 6. doi:10.3389/fpls.2015.00931
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[P168] 3D MAP OF PROLIFERATION ACTIVITY IN ARABIDOPSIS THALIANA ROOT TIPS:
LONGITUDINAL ZONATION AND SYMMETRIES IN THE WILD TYPE AND MUTANTS
Viktoriya Lavrekha1 2, Taras Pasternak3, Victoria Mironova1 2
1
Novosibirsk State University, Novosibirsk, Russian Federation
2
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3
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To date CYCB1;1 marker and cortex cell lengths have been conventionally used to determine the
proliferation activity of the Arabidopsis root meristem. Recently, iRoCS toolbox was developed for
annotation of the root tip organization in three dimensions. By creating a 3D map of mitosis
distribution we showed that these markers overlooked that stele and endodermis save their potency
to divide longer than the cortex and epidermis [Lavrekha et al., Plant Journal, 2017]. Cessation of cell
divisions is not a random process, so that mitotic activity within the endodermis and stele shows a
diarch pattern. Mitotic activity of all root tissues peaked at the same distance from the quiescent
center. However, different tissues stopped dividing at different distances, with cells of the
protophloem exiting the cell cycle first and the procambial cells being the last. The robust profile of
mitotic activity in the root tip defines the longitudinal zonation in the meristem with the proliferation
domain, where all cells are able to divide; and the transition domain, where the cell files cease to
divide.
We performed 3D analysis of mitosis distribution in cytokinin deficient ipt3ipt5ipt7 and auxin
overproducing yuc1D to understand how changes in endogenous cytokinin and auxin levels affect the
proliferation activity pattern in the root meristem. We observed decrease in the number of mitosis in
yuc1D mutants and mitosis accumulation in ipt3ipt5ipt7 overall root meristem, that suggests
inhibitory role of enhanced levels of both hormones on cell division. However, mitosis distribution
through meristem layers indicates specific roles of the hormones in control of proliferation for
different cell lineages. E.g. our data suggest much stronger inhibitory effect of cytokinin on anticlinal
cell divisions in the stele, than in the outer layers.
The work was supported by Russian Federation President Grant for young scientists (MK1297.2017.4) and Russian project 5-100.
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[P169] DEFECT IN PECTIN ACETYLESTERASE (PAE) EXPRESSION TRIGGERS CHANGES IN PECTIN
REMODELING ENZYMES ACTIVITIES WITH CONSEQUENT EFFECT ON ROOT DEVELOPMENT
Florian PHILIPPE1, Maïté LESCHEVIN1, Françoise FOURNET1, Michelle LEQUART1, Hervé DEMAILLY2,
Olivier HABRYLO1, Paulo MARCELO3, Solène BASSARD1, Marie-Jeanne CREPEAU4, Sophie BOUTON1,
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Pectin is a major component of the primary cell wall in dicotyledonous plants. The pectic
polysaccharides are primarily composed of homogalacturonan (HG) and branched
rhamnogalacturonan I and II (RG-I and RG-II). Pectic polysaccharides have a galacturonic acid (GalA)
rich backbone. The GalA units can be methylesterified at the C-6 carboxyl group on HG and/or
acetylated at the O-2 and/or O-3 in both HG and RGI. Pectin is synthesized from nucleotide sugars in
the Golgi and then secreted as methylesterified and acetylesterified form into the cell wall where its
structure can be de-esterified by cell wall enzymes, pectin methylesterases (PMEs, EC 3.1.1.11) and
pectin acetylesterases (PAEs, EC 3.1.1.6). In Arabidopsis, twelve putative PAE genes have been
annotated. The biological function of pectin acetylation is however, not well understood.
To get new insights in the function of PAE, we studied two PAEs from Arabidopsis, AtPAE7 and
AtPAE11 which have 83% amino acid identity. Using RT-qPCR analysis, we first showed that AtPAE7
and AtPAE11 are ubiquitously expressed. However AtPAE11 seems to be more expressed in young
tissues while AtPAE7 is more abundant in mature tissues. AtPAE7-YFP and AtPAE11-YFP fusion
protein localized to cell wall compartment. The knock-out mutants lacking AtPAE7 or AtPAE11
expression displayed a longer primary root phenotype. PAE and PME enzyme activities in these
mutants showed a lower PAE enzyme activity while a PME enzyme activity tends to increase in roots.
AtPAE7 and AtPAE11 were overexpressed in heterologous system and purified by affinity
chromatography. The activity of recombinant AtPAE7 and AtPAE11 showed an activity on HG at a
slightly acidic pH. All the data indicate that AtPAE7 and AtPAE11 are involved in primary root
elongation and its impairment of pectin acetylation status may impact the pectin methylesterifcation
pattern within the cell wall.
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[P170] A SET OF PLETHORA TRANSCRIPTION FACTORS MAINTAIN UNDIFFERENTIATED STATE IN THE
VASCULAR CAMBIUM
Gugan Eswaran1 2, Ondrej Smetana1 2, Ari Pekka Mähönen1 2
1
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2
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The Vascular Cambium - a secondary meristem in plants produces secondary xylem (wood) and
secondary phloem. Meristematic activity in vascular cambium ensures the production of phloem and
xylem, which are essential for transportation of nutrients and water. Thus understanding the
molecular mechanism behind the maintenance of meristematic state of vascular cambium and its
development becomes essential. The PLETHORA (PLT) transcription factors are the central regulators
of the primary meristems. Recent research works on PLT/ AINTEGUMENTA (AIL) and/or
AINTEGUMENTA (ANT) genes provide the insight of stem cell maintenance in plant primary
meristems and their role in phyllotaxis and rhizotaxis. However, their functional role in a secondary
meristem is largely unknown and it needs to be elucidated. Therefore, we studied whether the
PLT/AIL factors have a function also in the vascular cambium. In our work, we observed that several
PLT/ AIL family members are expressed in cambium, and when we generated mutant combinations
from the cambium-expressed PLT/AILs, we found defects in vascular patterning and cambial cell
maintenance in a few double and triple mutant combinations. In addition to that overexpression of
PLT/AILs inhibit the differentiation of the cambial cells to xylem. We aim to further specify the role of
PLT/AILs in cambial maintenance, as well as how they interact with other known cambial regulators.
Such knowledge will significantly contribute to the improvement of the quality, biomass of the forest
industry and bioenergy.
Previously presented with small modifications: At the forefront of plant research, VIB, Belgium.
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[P171] A ROBUST INDUCIBLE CRISPR-CAS9 SYSTEM FOR HIGH-THROUGHPUT STUDY OF POSTEMBRYONIC ROLES OF GAMETOPHYTIC- AND EMBRYONIC-LETHAL GENES
Xin Wang1, Ari Pekka Mähönen1
1
Institute of Biotechnology, Faculty of Biological and Environmental Sciences, Helsinki, Finland
A direct way to study gene function is to analyze knock out mutant phenotype. However, in
Arabidopsis genome, null alleles or null-allele combinations of a great number of genes are
gametophytic- or embryonic-lethal, or defective in early developmental phases, which hinder the
characterization of gene roles in an adult plant by using conventional approaches. Researchers
developed distinct strategies to resolve this problem, such as conditional silencing and clonal
deletion analysis. However, both of these methods rely on silencing or removing the genes of
interest in complementing transgenic plants. These methods require tedious constructs preparation
and transgenic screening and thus not suitable for high throughput analysis. Here, taking advantage
of the revolutionary genome editing tool CRISPR-CAS9, a cell type specific gene inducible expression
system already established in our lab and multisite gateway cloning technique, we are able to make
an inducible CRISPR-CAS9 platform which greatly facilitate gene function studies in any concerned
developmental stage. As revealed from case studies, our system features several advantages: first,
CRISPR-CAS9 constructs can be made in an easy and highly flexible way; second, the gRNA expression
cassette is goldengate cloning compatible, which make it possible to target multiple genes or
multiple sites of the same gene; third, a mutant sector can be quickly and effectively induced in a
tissue specific way within the wild type cells background, like classic clonal deletion analysis; fourth,
complementary transgenic lines are not strictly necessary and phenotypes can be examined in T1
generation, fifth, most CAS9 variants are compatible to our system and thus potentiate application
ranges of our system. In conclusion, we provide an inducible CRISPR-CAS9 platform that is suitable
but not restricted to high throughput gene function studies taking place at any developmental
stages.
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[P172] THE MARKED BOX AS A NON-CANONICAL RBR-BINDING DOMAIN OF THE ACTIVATOR E2FS
IS ESSENTIAL IN ARABIDOPSIS THALIANA
Eszter Molnár1, Gábor V. Horváth1, Csaba Vizler2, Brigitta M. Kállai3, Tamás Mészáros3, Zoltán
Magyar1
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In a wide range of organisms E2F transcription factors and their regulatory Rb (retinoblastoma)
tumour suppressor proteins are considered essential for controlling cell division and differentiation.
The fairly straightforward model of this regulation – namely the Rb inhibits E2F-function by binding
and masking the transactivation domain – was challenged recently. On one hand, animal E2Fs have
been shown to have a second Rb-binding surface: the so-called marked box (MB) domain, which is
also conserved in the plant counterparts. On the other hand, animal cells were found to divide in the
lack of the activator E2Fs. Model plant Arabidopsis thaliana is known to have two activator (A and B)
and one repressor (C) E2Fs. Currently, a triple E2F mutant Arabidopsis line (e2fabc) - lacking any fully
functional E2F protein - was reported and found to develop quite normally. This viable e2fabc plant
indicates that the transactivation function of plant E2Fs is not essential for cell proliferations as it was
previously demonstrated in animal models. However, according to our crossing experiments the
presence of one E2F MB domain seems to be vital. In order to show if Arabidopsis E2Fs are able to
form complex with RBR (retinoblastoma-related) protein through their MB domain, we have
performed co-immunoprecipitation experiments by using deletion mutant E2Fs either containing or
lacking their MB regions. The results have revealed an RBR-binding surface located in the MB domain
of the Arabidopsis E2Fs. In accordance with our data we suggest an altered model for the RBR-E2F
regulation of plant growth and development.
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[P173] AUXIN AND CYTOKININ SIGNALING IN THE REGULATION OF ROOT SECONDARY GROWTH
Tiina Blomster1 2, Riccardo Siligato1 2, Omid Safronov2, Kamil Růžička3, Jarkko Salojärvi2 4, Ari Pekka
Mähönen1 2
1
University of Helsinki, Institute of Biotechnology, Helsinki, Finland
2
University of Helsinki, Faculty of Biological and Environmental Sciences, Helsinki, Finland
3
Central European Institute of Technology, Masaryk University, Department of Functional Genomics
and Proteomics, Brno, Czech Republic
4
Nanyang Technological University, School of Biological Sciences, Singapore, Singapore
Auxin and cytokinin signaling pathways govern the primary patterning of root vascular tissues and
also the activity of vascular cambium resulting in the formation of secondary xylem and phloem. In
the primary vascular development, auxin and cytokinin signaling domains in the xylem axis and
procambium, respectively, are largely non-overlapping. However, the hormonal signaling dynamics
leading to the activation of secondary growth marked by periclinal (pro)cambial cell divisions are
poorly known. Here, we show that procambial cell divisions can be prematurely triggered by
cytokinin and auxin treatments, suggesting that sufficient hormonal signaling is required for
secondary growth activation. During cambium activation, auxin and cytokinin response markers are
expressed in cambial cells, and cytokinin is shown to positively regulate auxin signaling. Furthermore,
inhibition of cambium activation by the estradiol-inducible expression of auxin resistant3-1 (axr3-1),
a dominant negative regulator of auxin signaling, can be relieved by cytokinin treatment. Consistent
with the phenotypes obtained during cambium activation, transcriptional profiling results show that
expression of several cambial marker genes was decreased by axr3-1 induction, increased by
cytokinin treatment and intermediate expression was observed in the combined treatment. Our
results also suggest that the symplastic connection between phloem and cambium is required for the
hormonal regulation of secondary growth. In summary, we find auxin and cytokinin acting as positive
regulators of root cambium activation in a synergistic manner.

Yes

306

[P174] LIMITED WATER AVAILABILITY AFFECTS XYLEM DEVELOPMENT IN THE ARABIDOPSIS ROOT
Prashanth Ramachandran1, Frauke Augstein1, Annelie Carlsbecker1
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Plants take up water and mineral nutrients by their roots for further transport via the xylem to the
shoot. Under conditions of reduced water availability, stomata close rapidly and growth may be
reduced. However, if the water transporting tissue itself is affected has largely been overlooked.
Recently, we reported that the xylem in the roots of Arabidopsis seedlings responds to water limiting
conditions by forming more protoxylem (cells with spiral secondary cell wall thickenings) and
reticulate instead of pitted metaxylem cells (Ramachandran et al., Development, 145, 2018). Drought
stress causes elevated ABA levels and, consistently, application of ABA results in similar xylem
phenotypes as water deficit. Inhibition of ABA signalling within the vascular stele has no effect on
xylem formation, but when ABA signalling is inhibited in the surrounding endodermal cell layer the
xylem becomes unresponsive to ABA and water deficit. Hence, ABA is normally sensed in the
endodermis although effects are detected in the stele, suggesting a mechanism that transmits this
signal to the stele. Previously, we have shown that miR165 acts non-cell autonomously to restrict
expression of class III HD-ZIP transcription factors (HD-ZIP III TFs) within the peripheral stele, and that
this is required for protoxylem formation (Carlsbecker et al., Nature, 465, 2010). We found that ABA
affects the expression levels of MIR165A in the endodermis. Under conditions of elevated ABA, more
miR165 is produced, and this is accompanied by reduced levels of certain HD-ZIP III TFs, resulting in
more protoxylem strands. This effect is already detectable by protoxylem markers within the root
meristem. However, also xylem differentiation appears affected by reduced or elevated ABA levels.
We will present results on how ABA may regulate MIR165A, and other factors, to modulate xylem
formation, and how it affects xylem differentiation and, thereby, potentially the transport of water.
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[P175] A NOVEL FORWARD GENETIC SCREEN TO IDENTIFY KEY REGULATORS OF ARABIDOPSIS
ROOT VASCULAR DEVELOPMENT
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Plant growth depends on uptake of both water and nutrients from the soil and their distribution
across the plant via the xylem. Xylem cell identity is determined by transcription factors of the five
members class III homeodomain-leucine zipper (HD-ZIP III) family in a dose dependent manner with
PHABULOSA (PHB) being a key player in root vascular patterning. While higher HD-ZIP III levels
specify metaxylem identity (vessels with pitted secondary cell wall (SCW) pattern), lower levels lead
to formation of protoxylem (vessels with spiral SCW pattern). This gradient in HD-ZIP III activity is
established post transcriptionally through the non-cell autonomous action of endodermally derived
miR165/166. Even though the role of these transcription factors as master regulators of xylem
development has been well established, how they accomplish this feat is largely unknown. To
identify additional components involved in xylem cell-identity establishment in the root, we are
conducting a suppressor screen of an ethyl methyl sulfonate (EMS) mutagenized, miRNA resistant
PHB mutant (phb-7d) population. In the phb-7d mutant allele, a point mutation in the miRNA
complementary site renders the PHB mRNA less susceptible to miR165/166 regulation resulting in an
expanded PHB expression domain. Consistently, metaxylem is formed in place of protoxylem. The
design of our screen is based on the identification of second site mutations causing the reappearance of protoxylem identity in phb-7d mutants as detected by a fluorescent reporter. With
this approach, we aim to identify not only factors acting upstream or downstream of PHB but also
those that are involved in its transcriptional activity providing key insights into the xylem
development program. We have identified several independent mutants in which GFP expression is
re-established in the root. Here, we present the characterization of selected suppressor-of-phb-7d
mutants.
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[P176] INTEGRATION OF BRASSINOSTEROID AND PHYTOSULFOKINE SIGNALLING CONTROLS
VASCULAR CELL FATE IN THE ARABIDOPSIS ROOT
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Plant growth depends to a large extent on the physico-chemical properties of the cell walls, which
dynamically adapt to internal and external cues. This adaptation involves feedback signalling, linking
information on the integrity of the wall with intracellular growth-regulating processes. However, very
little is known about the nature of these pathways and how signals are transduced to the cytosol.
Recently, we have shown that interference with the major cell wall polysaccharide pectin triggers
activation of BR signalling, which in turn orchestrates a compensatory response involving cell wall
remodelling. In the absence of BR-mediated feedback signalling, altered pectin modification severely
compromises cellular integrity, ultimately resulting in cell rupture. Through a forward genetic screen,
a receptor-like protein (RLP44) was identified which mediates integration between cell wall and BR
signalling through association with the BR receptor protein, the receptor-like kinase BRI1. Here, we
show that both BRI1 and RLP44 are required for root vascular cell fate maintenance, as the
respective mutants show ectopic xylem cells in procambial position. However, this phenotype is
unrelated to classical brassinosteroid signalling outputs. Instead, BRI1 is required for the expression
and function of its interaction partner RLP44, which, in turn, associates with the receptor for the
peptide hormone phytosulfokine (PSK). We show that PSK signalling is required for the maintenance
of procambial cell identity and is quantitatively controlled by RLP44, which promotes complex
formation between the receptor for PSK and its co-receptor. Mimicking the loss of RLP44, PSKrelated mutants show ectopic xylem in the position of procambium, whereas rlp44 can be rescued by
exogenous PSK. Based on these findings, we propose that RLP44 controls cell fate by connecting BRI1
and PSK signalling, providing a mechanistic framework for the integration of signalling mediated by
the plethora of plant receptor-like kinases at the plasma membrane.
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[P177] QUANTITATIVE DESCRIPTION AND COMPUTATIONAL MODELING OF THE BRI1 RESPONSE
MODULE CONTROLLING CELL ELONGATION GROWTH
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The plant hormone brassinosteroid (BR) is involved in the control of cell elongation growth. The
activation of the plasma membrane-resident brassinosteroid receptor (BRI1) and its cofactor (BAK1)
leads to the dissociation of the inhibitor BIR3 and eventually to the activation of P-type ATPases
(AHAs). This causes the acidification of the extracellular space, hyperpolarization of the PM and wall
loosening. This signaling module is very well described at constituent level; however, it is not yet
understood, how these players act collectively in space and time to mediate differential cell
elongation in response to BR in various plant tissues.
Here we show by in vivo quantification that the protein amount of AHA differs in the fast-growing
elongation zone from that in the less-/non-growing meristematic and maturation zone in Arabidopsis
roots. While the protein ratio between BRI1 and BIR3 stays the same along the root axis, the ratio
between BRI1 and AHA is significantly lower in the maturation zone and higher in the meristematic
zone. Including the protein amounts in a computational model, the relative importance of the
different proteins for cell elongation was estimated. The computational modelling predicted and
matched both the plant phenotypes and the results of non-invasive proton flux measurements using
MIFE. We, therefore, hypothesize that the ratio of BRI1 to AHA is the crucial parameter that controls
the differential competence of cells to elongate in response to BR along the root axis. While the ratio
enables strong growth in the elongation zone, only minor or no elongation is possible in the other
zones.
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[P178] LONG NON-CODING RNAS AS SPLICING REGULATORS IN ARABIDOPSIS
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In last years, high-throughput sequencing of RNAs revealed that up to 90% of eukaryotic genomes
were transcribed into RNAs, although only a small part corresponds to protein-coding mRNAs. Long
non-coding RNAs (lncRNAs; longer than 200 nucleotides) comprise a diverse group of transcripts,
including house-keeping RNAs, small peptide-encoding genes as well as many regulatory lncRNAs.
The latter lncRNAs can produce small RNAs (si/miRNAs) or act as large transcripts and play diverse
functions in development and/or responses to external stimuli. Recently, our lab identified the ASCO
lncRNA (for ALTERNATIVE SPLICING COMPETITOR) able to interact with the NSRs, nuclear speckles
RNA-binding proteins acting as alternative splicing (AS) regulators in Arabidopsis thaliana. AS of premRNAs increases transcriptome and proteome complexity as it may yield mRNA isoforms able to
produce proteins with modified regulatory capabilities (e.g. changed in specific domains). By
hijacking the NSRs, ASCO was shown to modulate AS during lateral root development in A. thaliana.
We have now performed RNA-seq analyses on plants deregulated for the ASCO/NSR module that
revealed a link with the expression of stress and defence-related genes, in addition to lateral root
development, notably genes involved in ethylene and flagellin signalling. Furthermore, ASCO mutant
plants but not NSR ones showed differential growth responses in response to flagellin as well as AS of
key signalling targets. Moreover, a variant method to purify nuclear RNA-associated protein
complexes by immuno-precipitation (nPIRP) suggests that ASCO binds to several splicing-related as
well as stress signalling proteins. Altogether, these results suggest an NSR-independent role for ASCO
in flagellin-dependent signalling via AS regulation of specific targets.
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[P179] CELLS WITH XYLEM IDENTITY POSITION STEM CELL NICHE OF VASCULAR CAMBIUM
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The entire plant body is formed by the activity of meristems where cell divisions take place. In the he
heart of each meristem is a stem cell niche sending signals that keep meristem undifferentiated.
Vascular cambium is a secondary meristem producing cells in radial direction and thus mediates
thickening of plant organs. Despite the fact that the cambium is producing large proportion of
biomass on the Earth, the location and regulation of the cambium stem cell niche is unknown. By
combining cell lineage tracing with molecular genetics, we show that cells with xylem identity
position the stem cell niche of the root vascular cambium. Molecular studies revealed that the stem
cell niche is defined by local auxin maximum and consecutive expression of class III homeodomainleucine zipper (HD-ZIP III) family transcription factors. Conditional removal of components of auxin
signalling or HD-Zip IIIs lead to inhibition of secondary xylem formation and disorganization of the
cambium. Molecular marker analysis revealed that this disorganization was associated with loss of
cambial identity and eventually loss of phloem identity. Since lineage tracing revealed a common,
bipolar stem cell for secondary xylem and phloem, cell non-autonomous requirement of HD-ZIP IIIs
for phloem production confirms their role as factors maintaining the stem cells.
Finally we tested through clonal activation which components defining the stem cell niche are
sufficient to induce vascular cambium in ectopic position. Taken together these data allowed us to
identify a regulatory framework for specification of the stem cell niche of vascular cambium.
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[P180] MYB36 CONTROLS ROOT CELL ELONGATION BY MODULATING AUXIN RESPONSE
Javier Pérez Hormaeche1, Jose M Pardo1, Beatriz Cubero2
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We and others [1,2] have studied the role of MYB36, an Arabidopsis R2R3-MYB class transcription
factor as a master regulator of the differentiation of the endodermis during root development. We
present here our results confirming that MYB36 promotes the development of the Casparian band in
root endodermal cells by the transcriptional regulation of genes involved in localized lignin assembly
and deposition. Moreover, the transcriptional and developmental outcome from MYB36
overexpression support the idea that MYB36 is also involved in the coordinated arrest of cell
elongation in the differentiation zone by modulating auxin signalling/perception in the root.
Arabidopsis transgenic lines overexpressing MYB36 have pleiotropic phenotypes in auxin-related
growth and development, reduced sensitivity to exogenous auxin, and altered gene expression in
response to auxin. Both the initiation and lateral root emergence were impaired when MYB36 was
overexpressed, but the lateral root phenotype was partially rescued by auxin treatments. However
the expression of DR5:GUS and LAX3:YFP marker genes were not properly induced by auxin in the
roots confirming that MYB36 function affects auxin responses. The transcriptomic landscape of the
MYB36 conditional overexpressing line reveals a strong down-regulation of auxin signallling in shoots
24 hours after induction. These results would explain the drastic effect on cell elongation/expansion
when MYB36 is expressed ectopically in Arabidopsis supporting endodermal differentiation as a
developmental shift for auxin regulation in the primary root.
Kamiya, T, et al. (2015) Proc Natl Acad Sci USA 112(33):10533–10538.
Liberman, LM, et al. (2015) Proc Natl Acad Sci USA 112(39):12099-104.
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[P181] GENES REGULATED BY AUXIN AND CYTOKININ DURING RICE ADVENTITIOUS ROOT
DEVELOPMENT
Shri Ram Yadav1, Tushar Garg1, Harshita Singh1, Zeenu Singh1, Ananya Neogy1, Mukesh Jain2
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Phytohormones such as auxin and cytokinin are very critical endogenous regulators during plant
development. Auxin is required in almost every aspect of root development in monocot and dicot
plant species. In general, antagonistic interaction between auxin and cytokinin regulates
development of adventitious roots (ARs) and lateral roots (LRs) formation in Arabidopsis thaliana.
Cytokinin inhibits the initiation of LR primordia by preventing auxin gradient formation, which is
essentially required in the LR founder cells. Despite the key role of these hormones during rice ARs
(also called crown root, CR) development, only few down-stream genes regulated by them are
studied. We have identified global genes including several key transcription factors regulated by
auxin and cytokinin signaling through transcript profiling. Both the hormones commonly regulate
many transcription factors (directly or indirectly) but we have also identified genes, (particularly
transcription factors) which are specifically regulated by either auxin or cytokinin signalling pathways.
Further, de-regulation of a list of 25 transcription factors were validated by real-time qRT-PCR. Few
of these transcription factors are specifically expressed in developing adventitious root primordia as
revealed by our spatio-temporal expression pattern analysis by RNA-RNA in situ hybridization.
Overall, our analysis has revealed common and specific genes downstream of auxin and cytokinin
signaling pathways during adventitious root development in rice.
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[P182] SCRAMBLED 2 REGULATES EPIDERMAL CELL PATTERNING THROUGH STABLIZING
SCRAMBLED IN THE ARABIDOPSIS ROOT
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Cell fate specification in the Arabidopsis root epidermis is controlled by the neighboring cells, and
many receptor-like kinases have been shown to be involved in the cell-cell communication.
SCRAMBLED (SCM), a leucine-rich repeat receptor-like kinase, is required for cells to appropriately
interpret their location and regulates the epidermal cell patterning in the Arabidopsis root. In an
effort to understand the molecular mechanism for its action, we isolated a mutant showing the scmlike phenotype, which is named as scrambled 2 (scm2). SCM2 is expressed in most of the tissues at
the root tip, and the epidermal expression of SCM2 is required for the proper epidermal cell
patterning. In addition, SCM2 and SCM are required for the efficient movement of CPC protein
between epidermal cells. We also show that the expression of SCM-green fluorescent protein (GFP)
fusion protein is decreased in scm2. These suggest that SCM2 stabilizes SCM, and SCM facilitates CPC
movement between the epidermal cells to help the establishment of the cell type pattern in the
Arabidopsis root epidermis.
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[P183] CATION CHLORIDE CO-TRANSPORTERS (CCCS) ARE REQUIRED FOR ROOT HAIR ELONGATION AND CCC
ROOT HAIR PHENOTYPES ARE EXACERBATED BY AUXIN
Stefanie Wege1, Daniel W McKay1, Matthew Gilliham1
1
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CCCs are large proteins of about 1000 amino acid residues in length; half of the protein is embedded in the
membrane and mediates the ion transport, while the other half is hydrophilic and predicted to be cytosolic.
Arabidopsis ccc1 knockout mutants have a striking phenotype, which includes a complete lack of apical
dominance, frequent stem necrosis and shorter roots. Here, we show that CCC1, which is localised to the Golgi
and TGN, is expressed in root hair cells, among other tissues, and that CCCs are important for root hair
elongation. ccc1 root hairs show a variable length, with few root hairs reaching wildtype length, while the
majority remain shorter. Root morphology is altered and ccc1 have a wider root diameter, trichoblast cell
length is decreased, and the overall root surface has a more irregular but not twisted, pattern when compared
to the parallel cell lines in wildtype plants.
Strikingly, the addition of IAA abolished root hair elongation in ccc1 instead of stimulating it; root hair were
initiated but not elongated under IAA treatment. Low Pi did not have a stimulating effect on root hair length in
the knockout; but root hair length remained comparable to control conditions.
Root hair position in trichoblasts was not altered, indicating no changes in auxin concentration or perception;
lateral root formation was induced under IAA similar to the wildtype. The decreased root hair length after
auxin treatment might therefore be caused by defects in root hair elongation and not auxin signaling, especially
when induced quickly and simultaneously in many cells. ccc1 plants did not develop collet hairs.
CCC1 is localised to the Golgi and TGN and might be involved in vesicle delivery to the plasma membrane, a
process particularly important in fast elongating, tip-growth focused cells such as root hairs.
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[P184] THE F-BOX PROTEIN FKF1 INHIBITS DIMERIZATION OF COP1 IN THE CONTROL OF
PHOTOPERIODIC FLOWERING
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In Arabidopsis thaliana, CONSTANS (CO) plays an essential role in the regulation of photoperiodic
flowering under long-day conditions. CO protein is stable only in the afternoon of long days, when it
induces the expression of FLOWERING LOCUS T (FT), which promotes flowering. The blue-light
photoreceptor FLAVIN-BINDING, KELCH REPEAT, F-BOX1 (FKF1) interacts with CO and stabilizes it by
an unknown mechanism. Here we provide genetic and biochemical evidence that FKF1 inhibits
CONSTITUTIVE PHOTOMORPHOGENIC1 (COP1)-dependent CO degradation. Light-activated FKF1 has
no apparent effect on COP1 stability but can interact with and negatively regulate COP1. We show
that FKF1 can inhibit COP1 homodimerization. Mutation of the coiled-coil domain in COP1, which
prevents dimer formation, impairs COP1 function in coordinating flowering time. Based on these
results we propose a model whereby the light- and day length-dependent interaction between FKF1
and COP1 controls CO stability to regulate flowering time.
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[P185] REGULATION OF ENDOREDUPLICATION AND ORGAN GROWTH BY MOD1 IN ARABIDOPSIS
THALIANA
Usman Aslam1 2, Yunhai Li1
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How plants modulate growth and definite size of their organs is a fundamental question in plant
biology. In agronomic context, organ size provides ultimate forecast of yield and total biomass which
are key determinants of food and biofuel crop production. Organ growth is controlled by
coordination of cell proliferation and cell expansion that is often coupled with endoreduplication,
however, the underlying mechanisms linking endopolyploidy with final organ size are not very clear.
Previously, UBIQUITIN-SPECIFIC PROTEASE 14 (UBP14) encoded by DA3 (“DA” means big in Chinese)
was described to function with anaphase-promoting complex/cyclosome (APC/C) ubiquitin ligase
through interacting its inhibitor ULTRAVIOLET-B INSENSITIVE 4 (UVI4) to modulate endoreduplication
and organ growth in Arabidopsis thaliana. The Arabidopsis da3-1 mutant possesses larger
cotyledons, leaves and flowers with higher ploidy levels. Using Mutant Mapping (MutMap) approach,
I genetically identify several modifier genes of da3-1 from EMS mutagenized Arabidopsis populations
that influence the ploidy and growth phenotypes of da3-1. I selected one of them for functional
analysis and designated as mod1-1. The cellular and genetic studies suggested that mod1-1 strongly
represses the cellular ploidy and synergistically regulate the organ growth phenotypes of da3-1. The
DNA and protein sequence analysis revealed that MOD1 functions with mRNA splicing machinery,
however, their role in endoreduplication or any organ growth related mechanisms has never been
described. The expression pattern analysis of MOD1 revealed that they are highly expressed in
transcriptionally active and differentiating cells. Bimolecular fluorescence complementation (BiFC),
co-immunoprecipitation and pull down experiments demonstrate that MOD1 physically interacts
with UBP14 and CDKB1;1 in vivo and in vitro. Further studies proves that UBP14 influences the
stability of MOD1. Overall, these findings define a genetic and molecular mechanism of MOD1
function in endoreduplication and plant organ growth regulation.
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[P186] A CYTOCHROME P450 CYP77A4 IS REQUIRED FOR AUXIN-MEDIATED PATTERNING OF THE
ARABIDOPSIS THALIANA EMBRYO
Kensuke Kawade1 2 3 4, Yimeng Li4, Hiroyuki Koga5, Yuji Sawada4, Ayuko Kuwahara4, Hirokazu
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Development and metabolism are intertwined with one another during organogenesis. This
interaction is essential to maintain the metabolic state in a developmental context-dependent
manner. There is also a growing awareness that metabolism plays instructive roles in developmental
processes. The emerging picture depicts metabolism as a critical system not only for sustaining
physiological conditions, but also regulating developmental patterning by coordinating various
cellular processes. However, our understanding of this interaction remains limited. Here, we
performed quantitative phenome analysis of Arabidopsis thaliana cytochrome P450 mutants to
identify a novel interaction between development and metabolism. We found that cyp77a4 mutants
exhibit specific defects in cotyledon development, including asymmetric positioning and cup-shaped
morphology. Microscopy revealed that the abnormal patterning was detected from the early
globular stage of the cyp77a4 embryos. We next focused on an auxin action in mutant embryos,
since the phenotypes resembled those of auxin-related mutants. We found that auxin response
pattern was severely perturbed in the cyp77a4 embryos owing to an aberrant distribution of the
auxin efflux carrier PIN1. CYP77A4 intracellularly localised to the endoplasmic reticulum, which is
consistent with the notion that this enzyme acts as an epoxidase of unsaturated fatty acids in the
microsomal fraction. Interestingly, the formation of auxin response maximum by CYP77A4 seems to
be absent in other tissues, such as roots, because our phenome analysis detected little difference in
developmental traits other than cotyledon in the cyp77a4 mutants. This is at least partially
attributable to the restricted expression pattern of CYP77A4 in embryos and trichomes. We propose
that CYP77A4-dependent metabolic pathway is an essential element for the establishment of polarity
in plant embryos. More generally, our study indicates that quantitative phenome screening of
metabolism-related mutants is a novel way for functional identification of metabolic genes in
development.
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[P187] GENETIC INTERACTION OF DUPLICATE GENES TAE1 AND TAE2 WITH FLORAL MERISTEM
IDENTITY GENES
Evgenia Kupriyanova1, Tatiana Ezhova1
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Previously we described Arabidopsis taeniata (tae) mutant which characterized by narrow
asymmetric leaves with buds and outgrowths (Lebedeva et al., 2005; Fedotov et al., 2017). Under
short-days, the mutant inflorescences were characterized by irregular alternation of lateral shoots
and morphologically abnormal fertile flowers with perianth organs replaced by bracts (Lebedeva et
al., 2005). Here we show that tae phenotype is the result of homozygosity on the recessive alleles of
the two genes, denoted by us as tae1 and tae2. None of single mutations has a clear phenotypic
manifestation. This kind of interaction can be treated as an example of duplicate (paralogous) gene
interaction. One of mutation, tae1, was mapped to chromosome 2 between AT2G32960 and
AT2G32990 loci. To explore the genetic basis of abnormal floral development we study an interaction
between TAE genes and LFY, AP1, AP2, AP3, AG genes. In long days, triple mutant tae1 tae2 lfy-109
develops indeterminate shoots instead of flowers and is fully sterile, while, single weak lfy-109
mutation (line from our collection) develops fertile flowers. Flowers of tae1 tae2 ap1-20 and tae1
tae2 ap2-1 demonstrate an enhancement of shoot-like character of flowers in comparison with weak
ap1-20 deletion mutant (Ondar et al., 2008) and ap2-1 mutant. Along with indeterminate "flower
within a flower" phenotype, tae1 tae2 ag-1 mutant produces lateral flowers in the axils of outer (first
whorl) floral organs which represent chimeric petal/bracts organs. Plants of tae1 tae2 ap3-1 mutant
has additive floral phenotype. Strongly enhanced of shoot-like floral morphology of lfy-109, ap1-20,
ap2-1 and ag-1 mutants indicates to important role of TAE genes in regulation of the switch to flower
formation and possible activation of floral meristem identity genes by duplicate TAE genes.
This work was supported by the Russian Foundation for Basic Research (project no. 16-04-00437).
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[P188] FUNCTIONAL CHARATERIZATION OF A NEW PLANT DYNAMIN PROTEIN INVOLVED IN
CYTOSKELETON ORGANIZATION AND CELL SHAPE
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A forward genetic strategy, combining tomato EMS mutant variability and mapping-by-sequencing
(Garcia et al., 2016; Musseau et al., 2017) allowed the identification of a DYNAMIN protein, as a key
regulator of tomato fruit tissue morphology. DYNAMINs (DYNs) are large GTPase that can interact
with cytoskeleton-associating proteins. In animals, DYNs are reported to be involved in cytokinesis,
membrane trafficking, cytoskeletal dynamics and pathogen resistance (Konopka et al., 2006;
Praefcke & Mcmahon, 2004). Plants present homologs for most dynamins found in animals, with
some proven to be functional redundant. However, the role and molecular mechanisms of this
particular dynamin have never been described in plants so far.
In order to investigate its role in plants, experiments were conducted in both tomato and Arabidopsis
thaliana models. dyn mutants share common aberrant cell size and shape, affecting pericarp cells in
tomato and trichomes in Arabidopsis. Aberrant Arabidopsis trichome morphology is strikingly similar
to the well described Arabidopsis mutants affected in the WAVE and ARP2/3 pathways, that are
involved in actin filament nucleation (Isner et al., 2017; Sambade et al., 2014; Zimmermann et al.,
2004). Our data suggest a role of this plant dynamin in actin cytoskeleton remodeling, supporting
rapid cell elongation.
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[P189] UNRAVELLING THE FUNCTIONS OF THE VERSATILE TRANSCRIPTION FACTOR FRUITFULL
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FRUITFULL (FUL) is a MADS-domain transcription factor that is well-known for its role in Arabidopsis
silique development. However, phenotypic analysis of ful mutants also revealed a number of other
phenotypes, including late flowering, altered plant architecture, different cauline leaf shape and a
prolonged life span. We are studying the roles of FUL in these different processes and already
unveiled important aspects of the regulatory networks involved. Our data show that FUL interacts
with distinct MADS-domain proteins in the different tissues to fulfil its functions, thereby regulating
different sets of target genes. We discovered that FUL directly represses APETALA2 (AP2) and other
AP2-like genes in the inflorescence meristem to regulate meristem longevity, while the role of FUL in
plant architecture appears to be mainly associated with direct regulation of a number of hormone
pathway genes, such as SMALL AUXIN-UPREGULATED RNAs (SAURs) and CYTOKININ OXIDASES
(CKXs).
To dissect the functions of FUL further, we identified sequence motifs that may be specifically
required for one of FUL’s functions. To this end, we have been comparing sequences of FUL orthologs
from many different species. In contrast to Arabidopsis, most angiosperm species contain multiple
FUL copies that have often subfunctionalized. Tomato contains four FUL-like genes that are
expressed in different tissues and interact with different subsets of MADS-domain proteins. We are
currently identifying the amino acids critical for specific protein-protein interactions in tomato and
Arabidopsis. We are testing these motifs in vitro and in planta, and plan to use CRISPR mutagenesis
or base-editing to target specific motifs in the endogenous Arabidopsis and tomato FUL genes,
aiming to alter one of FUL’s functions, while leaving others intact. This will further elucidate the
working mechanisms and evolution of pleiotropic transcription factors, and allow fine-tuned
breeding in the future.
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[P190] C2H2 ZINC FINGER AND TCP TRANSCRIPTION FACTORS CONTROL PETAL DEVELOPMENT BY
MODULATING PLANT HORMONAL PATHWAYS
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The Arabidopsis petal is an important model system for studying plant organ growth. The C2H2 zinc
finger transcription factors RBE and JAG, and the CIN-TCP gene TCP5 are key regulators of petal
development, with RBE/JAG functioning as growth promoters and TCP5 acting as a growth repressor
of the petal. We carried out genome-wide studies to identify the downstream pathways of these
three transcription factors and identified a number of cytokinin and gibberellin-related genes as their
common targets. Furthermore, some of these genes are antagonistically regulated by RBE/JAG and
TCP5, thus are putative key hubs in the downstream genetic network of the three transcription
factors. Cytokinin and gibberellin play fundamental roles in plant development. Our results will help
further our understanding of how the plant hormonal pathways are controlled by the central
transcriptional regulators to effect the process of petal growth.
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[P191] XYLOGLUCAN ENDOTRANSGLUCOSYLASES XTH4 AND XTH9 FUNCTION IN XYLEM
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In dicotyledons, xyloglucan (XG) is the major hemicellulose in primary cell walls playing a significant
role in the load-bearing framework of the wall but not reported in the secondary walls. However,
genes encoding XG biosynthetic enzymes were reported active during secondary wall formation
questioning the significance of XG for secondary walls architecture. XG is incorporated to cell walls
network by Xyloglucan endotransglucosylases (XETs) belonging to the CAZY family GH16. These
enzymes exhibit differential activities in different tissues and in response to environmental and
developmental stimuli. We analyzed the function of two previously uncharacterized GH16 members,
XTH4 and XTH9. Promoter::GUS expressing plants showed specific XTH4 and XTH9 promoter
activities in the developing vascular tissues of stems and hypocotyls. To study the role of these genes
in xylem differentiation, T-DNA insertion mutants xth4 and xth9 were purified by back crosses, and
the single locus lines were crossed to obtain a double mutant xth4x9. Moreover, hybrid aspen
vascular expressed PtxtXTH34 gene, encoding XET and closely related to AtXTH9, was overexpressed
in Arabidopsis using the constitutive 35S promoter. XET activity measured in extracts of stems and
hypocotyls was only moderately affected in the mutant and OE plants. Yet the lines showed clear
effects in xylem cell differentiation. Xylem cell size and intrusive growth were positively related to
XTH expression indicating the stimulating role of these enzymes in cell expansion. Interestingly,
there was a clear effect of XTH on secondary wall formation. Chemical analysis of cell walls in the
basal part of inflorescence stems revealed changes in lignin and cellulose contents and the in situ
xylem cell wall analysis revealed differences in xylem secondary cell walls. The results indicate that
XTH4 and XTH9 mediate xylem cell differentiation, including the secondary wall formation, and thus
their homologs in woody species have potential to alter wood properties.
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[P192] BRASSINOSTEROIDS-CONTROLLED LOCAL AUXIN HOMEOSTASIS IS ESSENTIAL FOR
SECONDARY XYLEM DEVELOPMENTS IN TOMATO
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Brassinosteroids (BR) are plant steroid hormones playing crucial roles in diverse growth and
developmental processes in plant life cycles. The canonical BR signaling and its crosstalks with other
signaling pathways are involved in pleotropic regulation of plant growth and development. However,
their biological roles in one of the most important crops, tomato (Solanum lycopersicum), are largely
unknown. Here, we performed comparative physiological and in-silico analysis between cultivated
wild-type tomato, BGA and a BR biosynthetic mutant, micro-tom (MT). As previously reported, the
BR-deficient MT tomato displayed stunt growth phenotypes and we further revealed abnormal xylem
development in tomato stem tissues. These BR-defective phenotypes were completely recovered by
either exogenous epi-BL treatments or complementation of BR biosythetic and signaling
components. Conversely, impaired BR signaling pathways in tomato by overexpressing SlGSK3s or
knocking-out SlBRI1 with a CRISPR-Cas9 genome editing system were resulted in more severe defects
in the xylem developments. Using RNA-seq and bioinformatic analysis of a BR defected MT tomato
plant, we confirmed the correlation between BR signaling pathways and diverse development or
stress related gene networks. Furthermore, we successfully selected and analyzed a putative novel
direct target gene for the BR-mediated xylem development. The molecular functional studies of the
novel target gene showed that BR directly modulate auxin homeostasis during the xylem formation.
In this study, we reveal BR-mediated novel molecular networks for plant vascular developments and
signaling integration with auxin in the important crop tomato plant.
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[P193] ROLE OF URACIL SALVAGE IN PYRIMIDINE METABOLISM AND PROPOSED FUNCTION IN
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Pyrimidine nucleotides are of high importance for plants as they represent building blocks for nucleic
acids and function as energy providers for carbohydrate, phospholipid and cell wall synthesis. They
can either be formed de novo or via recycling in the salvage pathway. In Arabidopsis thaliana, five
enzymes (UKL) encode for putative uridine kinases converting uridine and ATP into uridine
monophosphate. Analyses of recombinant proteins and knock-out plants showed that UKL1 and
UKL2 are the enzymes responsible for uridine salvage. They are localized in the cytosol as shown by
transient expression of GFP-fusion proteins and in vivo activity tests. Although uridine salvage is the
main recycling step, uracil can also be used to form UMP by uracil phosphoribosyltransferases. In
Arabidopsis only one enzyme, called UPP, is responsible for this reaction. Interestingly, upp knockout plants have a severe phenotype leading to very small and yellow plants which die after a few
weeks. These plants have smaller and less chloroplasts and are impaired in photosynthesis in
comparison to wildtype plants. Additionally, the transcript of the light-harvesting chlorophyll a/b
binding protein (lhcb) is strongly reduced. We therefore suggest that UPP is somehow involved in the
development of the chloroplast. To obtain deeper insights into UPP function, we complemented upp
knock-out plants with enzymatically inactive upp or its E. coli homolog, trying to figure out whether
the enzymatic or a so far unknown function of UPP is responsible for the observed drastic phenotype.
The results of these experiments will be discussed in context with known factors involved in
chloroplast biogenesis and the establishment of photosynthesis.
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PIRINs (PRN) are highly conserved cupin domain containing proteins, which have been implicated in
numerous biological processes, including transcriptional co-regulation in mammals, but that are not
extensively studied in plants. The PRN gene family was previously identified as a potential novel
regulator of lignification in the developing tracheary elements in Zinnia elegans cell cultures (Pesquet
et al., 2013).
In Arabidopsis thaliana histochemical GUS assay revealed the very specific expression of the
homologous PIRIN2 (PRN2) in the xylem cells that were located next to xylem vessel elements. Cell
wall chemistry analysis of two prn2 knock-out mutants demonstrated slightly increased lignin
content and a significant increase in the ratio of the S- to the G-type lignin compared to the wildtype, which correlated with changes in expression of lignin biosynthetic genes. Overproduction of
PRN2 resulted in the opposite phenotype. Fourier transform infrared spectroscopy and Raman
microspectroscopy showed that PRN2 modulates cell wall chemistry of the neighbouring vessel
elements and fibers, hence contributing to their lignification in a non-cell-autonomous manner.
Interaction assays resulted in the identification of the chromatin modifying E3 ubiquitin ligase
HISTONE H2B MONOUBIQUITINATION2 (HUB2) as an interactor of PRN2. HUB2 is not expressed in
vessel elements, but Raman analysis revealed that HUB2 suppresses the accumulation of G-type
lignin in the vessel cell walls. Altogether, the results suggest that PRN2 regulates, together with
HUB2, lignification in a non-cell-autonomous fashion by regulating the expression of lignin
biosynthetic genes.
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Our work is focused on understanding the signalling mechanisms that mediate plant developmental
changes in response to environmental signals. Stomata, the microscopic pores on the leaf surface,
are an excellent model for examining how environmental signals modulate plant development.
Factors such as light quantity and quality as well as atmospheric carbon dioxide have a major impact
on stomatal development. Using a combination of genetic and molecular tools our work has
demonstrated that plant photoreceptors, significantly phyB, play a critical role in regulating stomatal
development in response to environmental signals. We will present data that examines the
mechanism by which phyB regulates stomatal development, and evidence that phyB is also critical
for plant responses to CO2. Furthermore, we have evidence of a photoreceptor independent pathway
that regulates stomatal development in response to environmental signals.
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[P196] UNDERSTANDING THE DNA-BINDING PROPERTIES OF MIR319 TARGETED-TCP
TRANSCRIPTION FACTORS IN ARABIDOPSIS THALIANA
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TCP (TEOSINTE-BRANCHED 1, CYCLOIDEA, PROLIFERATING CELL FACTORs) proteins are plant-specific
transcription factors that control several developmental traits in diverse plant species. TCP proteins
are characterized by a 60-residue DNA-binding domain called TCP domain. Based on sequence
similarity within the TCP domain, these proteins are grouped into two classes, class I and class II.
DNA-binding specificities of these two classes are distinct but overlapping. Eight of the class II TCP
genes in Arabidopsis, namely TCP2, 3, 4, 5, 10, 13, 17 and 24, form a subgroup that regulates
development of lateral organs such as leaves and flowers. Even though it is considered that all these
TCP proteins equally contribute to leaf morphogenesis, recent studies have indicated functional
heterogeneity among them. For example, TCP3 was found to suppress auxin response whereas TCP4
was found to promote the same. To understand molecular basis of putative functional antagonism
within the class II TCPs (TCP3 and TCP4), we have studied the DNA binding properties of all five
miR319-targeted class II TCPs viz TCP2, 3, 4, 10 and 24. The consensus binding sequences determined
by SELEX (Systemic Evolution of Ligand by Exponential Enrichment) showed TCP3, 10 and 24 bind to
DNA sequence (GTGGNCCC) as recognised by TCP4, whereas TCP2 consensus site has a divergent
sequence (TGGTCCCCAC). Although consensus binding sequence of TCP3 was found to be identical to
TCP4, EMSA (Electrophoretic Mobility Shift Assay) with mutated class II consensus sequences
revealed anomalous binding specificity of TCP3 compared to TCP4. EMSA, using various truncated
versions of TCP3 showed the N-terminal region of TCP3 is responsible for its unique binding
specificity. We are currently generating transgenic Arabidopsis lines expressing various forms of TCP3
and TCP4 proteins to validate their DNA-binding differences in vivo. Understanding this differential
binding would help to uncover the functional differences within the redundant proteins.
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[P197] SAME, BUT DIFFERENT - INVESTIGATING DIFFERENTIAL COMPLEX FORMATION AS A MEANS
TO GENERATE TARGET SPECIFICITY OF STOMATAL TRANSCRIPTION FACTORS
Andrea Mair1, Shouling Xu2, Juliana L Matos1 3, Annika Weimer1, Tess Branon4 5, Alice Ting5,
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Stomata facilitate gas exchange and as such are indispensable for plant life. They form from
epidermal stem cells by a progression of division and differentiation steps. Despite structural
variation, core developmental aspects, including transcriptional master regulators, are deeply
conserved. In angiosperms, the closely related basic helix-loop-helix transcription factors (TFs)
SPEECHLESS (SPCH), MUTE and FAMA mark subsequent cellular stages within the stomatal lineage
and drive developmental progression. Transcript profiling of mutants and stage-specific cells, as well
as phenotypic analysis, clearly show that these TFs have distinct target genes and functions. How this
is achieved is largely unclear since they share heterodimerization partners and an almost identical
DNA binding domain. Indeed, our chromatin immunoprecipitation sequencing (ChIP-seq) data
demonstrate a large overlap in DNA occupation sites for SPCH and FAMA. Identifying the TF
complexes containing SPCH, MUTE and FAMA in Arabidopsis and Brachypodium is therefore needed
to understand how these factors, despite their similar features, promote distinct, stage- and speciesspecific transcriptional outputs. Results obtained from standard co-immunoprecipitations confirmed
interaction of all three TFs with their proposed heterodimerization partners and identified new and
unique potential interaction partners, including transcriptional regulators, histone modifiers, splicing
regulators and kinases. Additionally, in collaboration with Alice Ting, we have adapted a proximity
labeling-based approach for use in plants to identify the nuclear proteome of SPCH, MUTE and
FAMA-stage cells; preliminary results are promising although there are limitations to BioID-based
probes compared to their utility in animal system. Together, these approaches have the potential to
further our understanding of the transcriptional program driving stomatal development in different
plant species and to identify new players in cell fate transitions that could serve as targets for
manipulation of stomatal development. We envision that a functional proximity labeling approach
will further be a valuable tool for many areas of plant research.
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[P198] CHARACTERIZATION OF NEW PERIODIC PHYSIOLOGICAL RESPONSE CONFERRING
PHOTOSYNTHETIC ADVANTAGE
Yuko Yamamoto1, Hirokazu Fukuda2, Kazufumi Tabata1
1
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2
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OSAKA, Japan
Photosynthetic advantage is conferred by correct matching of the circadian clock period with that of
the external light-dark cycle [1]. However, molecular mechanism of the advantage has not been fully
elucidated. To investigate the detail of mechanism, Arabidopsis thaliana col-0 was cultivated in
different light-dark cycles under white light (WL) or red light (RL). Firstly, we estimated period length
of CCA1 expression under WL or RL by fitting a modified cosine wave function to the time series of
RNA seq data. As a result, the period length of CCA1 expression was estimated about 22 hours under
WL or about 23 hours under RL. Secondly, dry weight (DW) of each light-dark cycle cultivation were
measured. The DW of 22-hour cultivation under WL and that of 23-hour cultivation under RL were
higher than that of other light-dark cycles’ expectedly. Interestingly, we found that the DW of 25hour cycle’s increased under the both light like that of the light-dark cycle matching the circadian
clock period. Then, 132 genes that expression period length were estimated about 25-hour in the WL
or 459 genes that the length were estimated about 25-hour in the RL were characterized as water
stress response, internal or external stimulus response and oxidative stress response by gene
ontology analysis [2]. On the other hand, 458 genes that expression period length were estimated
about 22-hour in the WL or 671 genes that the length were estimated about 23-hour in the RL are
characterized as circadian rhythm expectedly. Therefore, we consider that new periodic physiological
responses cause photosynthetic advantage.
[1] Antony N. Dodd et al., Science 2005, 309:630-633
[2] https://www.arabidopsis.org/tools/go_term_enrichment.jsp
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[P199] THE ROLE OF O-GLYCOSYLATION IN PLANT DEVELOPMENTAL TRANSITIONS
Krishna Vasant Mutanwad1, Claudia Mayrhofer1, Isabella Zangl1, Doris Lucyshyn1
1
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Biology, Wien, Austria
Plants undergo several developmental transitions in the course of their life cycle, marked by specific
morphological changes such as altered leaf morphology, the formation of trichomes and the onset of
flowering. The timing of transition from juvenile to adult phase is regulated by the amount of
available sugar accumulating during plant growth. This process is mediated by balancing the ratio
between miRNA156 and miRNA172, thus regulating the downstream miRNA156 target genes, a
family of SPL (SQUAMOSA PROMOTER BINDING PROTEIN-LIKE) transcription factors. In Arabidopsis,
mutants in the protein O-fucosyltransferase SPINDLY (SPY) show accelerated transition from the
juvenile to the adult phase, as well as early flowering. O-fucosylation is a posttranslational
modification and closely connected to O-GlcNAcylation. In this type of O-glycosylation, either a single
fucose or N-acetylglucosamine (GlcNAc) is O-linked to side chains of serine- or threonine residues of
nuclear and cytosolic proteins. In the current working model O-fucosylation and O-GlcNAcylation
compete for the same targets, with counteracting functional effects. Given the observed early
transition phenotypes of spy-mutants, we are currently investigating the role of O-glycosylation in
the regulation of miRNA156 and miRNA172, potentially in response to the accumulation of sugar in
growing tissues. Preliminary data suggest that spy-mutants indeed show altered levels of these
miRNAs. Moreover, we are testing if O-glycosylation also affects the function of SPLs. These
experiments will contribute to our understanding of the molecular mechanisms of O-glycosylation in
the regulation of plant development.

Abstract presented earlier as a poster at - FROM PROTEOME TO PHENOTYPE: ROLE OF POSTTRANSLATIONAL MODIFICATIONS, SEB, Edinburgh, UK, 11 - 13 December 2017
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[P200] THE ARABIDOPSIS RECEPTOR-LIKE CYTOPLASMIC KINASE RLCK VI_A2 REGULATES CELL
ELONGATION AND PLANT GROWTH
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Receptor-like cytoplasmic kinases (RLCKs) are related to plant receptor kinases (PRKs) but have
neither transmembrane nor extracellular domains. The functions of most of these plant-specific
kinases is unknown. The Arabidopsis genome codes for almost two hundred of these cytoplasmic
kinases that were classified into several families. In our laboratory, we characterize those members
of the RLCK Class VI family (RLCK VI_A) that were shown to have ROP G-protein-dependent in vitro
activity. One of these kinases, RLCK VI_A2 was investigated in detail using loss-of-function and gainof-function transgenic plants, respectively. Seedlings of the T-DNA insertion mutant rlck VI-a2
exhibited short hypocotyls and small cotyledons, while the adult plants had small rosettes. The
ectopic expression of the wild-type kinase could complement the loss-of-function phenotypes. In
agreement, overexpressing the kinase in the wild type background enhanced seedling and plant
growth. Cellular investigations indicated that the above phenotypes are associated with impaired cell
elongation (epidermal cell length/shape was measured) in the loss-of-function mutant. Exogenous
gibberellic application could complement this restoring plant (rosette) size too. Since gibberellic acid
synthesis was found to be unaffected in the mutant, the kinase may affect gibberellic acid sensitivity.
Because RLCK VI_A2 has ROP G-protein-dependent in vitro activity, one can speculate that this kinase
may serve as a link between ROP- and gibberellin-dependent signaling pathways.
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[P201] TRANSCRIPTIONAL CONTROL OF HYPOCOTYL CELL ELONGATION BY SHORT-ROOT
Jun Lim1, Souvik Dhar1
1
Konkuk University, Department of Systems Biotechnology, Seoul, Korea, Rep. of South
Transcriptional regulation, in which transcription factors control a set of downstream target genes in
a spatiotemporally specific manner, is a core component of gene regulatory networks (GRNs). In
plants, transcriptional regulation plays a key role in modulating the plasticity of growth and
development. Thus, the discovery and characterization of GRNs will provide a better understanding
of how the plasticity of plant growth and development is achieved under various environmental
conditions. The GRAS transcription factor, SHORT-ROOT (SHR), is well known for its role in cell
divisions in Arabidopsis roots and shoots. However, little is known about its regulatory role in cell
elongation. Here, we report that SHR controls cell elongation in the hypocotyl. Through genomewide expression profiling and chromatin immunoprecipitation PCR (ChIP-PCR) experiments, we found
that SHR directly regulates expression of XTH genes, which are known to be involved in cell wall
modification. Interestingly, overexpression of these XTH genes could suppress, at least partially, the
short-hypocotyl phenotype of shr mutants. Moreover, the restriction of SHR movement in the
vascular tissues was still able to rescue the shr phenotype in the hypocotyl. Taken together, we thus
propose that the SHR transcription factor controls cell elongation via direct transcriptional regulation
of XTH genes in the Arabidopsis hypocotyl.
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[P202] GENE REGULATORY NETWORK OF EPIDERMAL AND SUB-EPIDERMAL CELL POPULATION
ENRICHED TRANSCRIPTION FACTORS REVEALED REGULATORY HIERARCHIES UNDERLYING CELL
PROLIFERATION AND DIFFERENTIATION
Ram Yadav1, Shivani Bhatia1
1
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Elucidating the transcriptional gene regulation that underlie the development of multicellular
organism is fundamental for understanding the mechanisms of cell and tissue specialization.
Arabidopsis shoot apical meristem (SAM) is organized into distinct zones. Stem cells reside in the
central zone (CZ) and self-renew; their progenitors undergo cell proliferation and differentiation in
the peripheral zone and underneath the CZ in the rib meristem, respectively. One of the key
challenge is to decipher the gene regulatory networks (GRNs) that direct the self-renewal and
differentiation of stem cells into distinct cell types in SAM. We have identified sixty-five transcription
factors (TFs) from the epidermal and sub-epidermal cell types of SAM stem cell niche and
characterized them to build a comprehensive GRN. In situ hybridization and promoter reporter
studies revealed predominate spatiotemporal expression pattern of the TFs. To map the interactions
among the TFs (proteins) and their target promoter DNA elements, a high throughput yeast-onehybrid assay was developed. In total, 16250 protein-DNA interactions were setup involving 47 DNA
baits and 327 TFs. We found 165 interactions between 37 regulatory elements and 53 TFs. Majority
of the TFs that interacted with target promoters are broadly expressed. To determine the regulatory
hierarchy and their function in development, we used both genetics and molecular biology
approaches. We identified molecular phenotype for ∼75% of the interactions. In one GRN, we
identified GROWTH REGULATING FACOTR3 (GRF3) binding on the HDG12 promoter. In grf123 mutant
HDG12 transcript level was reduced in comparison to WT. Analysis of hdg12 mutant plants revealed
smaller leaves, as has been shown earlier for grf123 mutants. Taken together, the systems biology
approach taken in this study elucidate role of GRFs GRN in regulating the HDG12 expression and
explain how GRFs exert their influence on the leaf and SAM size.
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[P203] ATML1 ACTIVITY IS RESTRICTED TO THE OUTERMOST CELLS TO ENABLE A SINGLE
EPIDERMAL LAYER FORMATION
Hiroyuki Iida1, Ayaka Yoshida1, Shinobu Takada1
1
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Cell fate determination in plants largely depends on the position of the cells. However, it has not
been well understood how cells are differentiated into specific cell types in response to their
positions. To elucidate the mechanisms of position-dependent cell specification, we have been
focusing on epidermal cell identity.
During organogenesis, only the outermost cells are differentiated into epidermis, suggesting that a
surface positional cue is necessary for the epidermal differentiation. ARABIDOPSIS THALIANA
MERISTEM L1 LAYER (ATML1), which encodes an HD-ZIP class IV transcription factor, is a positive
regulator of epidermal cell identity, and constitutive expression of ATML1 causes ectopic epidermal
formation in the inner tissues of the leaves. Therefore, ATML1 activity should be restricted to the
outermost cells to avoid multiple epidermal layer formation. Consistent with this idea, ATML1 is
expressed preferentially in the outermost cells from early embryogenesis. However, whether ATML1
activity is confined to the outermost cells in a position-dependent manner or not is unclear. In this
presentation, we will discuss regulatory mechanisms of ATML1 activity during de novo epidermal
differentiation.
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[P204] GENETIC ANALYSIS OF PHOTOBLASTISM AND MESOCOTYL ELONGATION IN WEEDY RICE
Hyun-Sook Lee1, Ju-Won Kang1, Sang-Nag AHN1
1
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Seed germination stimulated by light is said to be photoblastism. Photoblastism has not been
reported in cereal crops, especially in the rice, but Korean weedy rice was reported to have
photoblastism and longer mesocotyl than cultivar. Photoblastic weedy rice (PBR) was used to identify
QTLs for photoblastism and mesocotyl length. In previous works, QTLs for photoblastism, pbr1 and
pbr12 were identified on chromosomes 1 and 12 using 124 F4 lines from a cross between Ilpum and
PBR using bulked segregant analysis. Two QTLs for mesocotyl elongation, qMel-1 and qMel-3 were
mapped on chromosomes 1 and 3 120 F8 lines from the same cross. Of interest, the RM8260-RM246
region of pbr1 overlapped with a region of qMel-1. To know whether these two QTLs are functionally
related, 110 F3 lines were developed from a cross between Ilpum and CR7124. CR7124 having
photoblastism and long mesocotyl was selected from 120 F8 lines. 95 F3 lines were measured for
germination rate in a light and dark condition and mesocotyl length. Mesocotyl length and
germination rate in the dark condition in F3 lines showed significant correlation (r = 0.7, P < 0.0001).
95 F3 lines were genotyped with RM7419 on chromosome 1. ANOVA showed that RM7419 was
tightly linked to QTLs for photoblastism as well as mesocotyl length on chromosome 1 (P < 0.0001)
indicating the tight linkage of two QTLs. Fine mapping of the two QTL is underway to analyze their
functional relationship. This research was supported by Basic Science Research Program through the
National Research Foundation of Korea (NRF) funded by the Ministry of Education, Science and
Technology (NRF-2018R1C1B6009402).
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[P205] A SELF-ACTIVATION LOOP MAINTAINS THE MERISTEMATIC CELL FATE
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Plants differ from most animals in their retained ability to initiate new cycles of growth and
development, which relies on the establishment and activity of branch meristems. In seed plants,
branching is achieved by axillary meristems, which are established in the axil of each leaf base and
develop into lateral branches. Axillary meristems are initiated from a meristematic cell population
originally detached from the shoot apical meristem. It remains unclear how the meristematic cell fate
is maintained. Here we show that the meristem marker gene SHOOT MERISTEMLESS (STM) can
activates its own expression to enable cell fate maintenance. Furthermore, the self-activation loop
requires an STM-interacting protein FEWER AXILLARY BRANCHING (FAB), whose mutants display
compromised axillary bud formation. Genetic and biochemical data suggest that the STM-FAB
heterodimer binds and activates STM as well as additional axillary meristem regulatory genes. Taken
together, our finding provides a striking example in which a self-activation loop maintains the
meristematic cell fate to enable branching.
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[P206] MECHANISTIC INSIGHTS INTO LIGHT REGULATION OF STOMATAL DEVELOPMENT
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As sessile organisms, plants need to adapt and coordinate their intrinsic developmental programmes
with environmental signals such as light, CO2 and temperature. Light has a critical role in regulating
plant growth and development and photoreceptors play a key role in perceiving the light
environment and initiating signalling events that control multiple developmental pathways. The
phytochrome red/far-red photoreceptor systems play a major role in controlling flowering, stem and
petiole elongation, freezing tolerance, entrainment of the circadian clock, as well as stomatal
movement and development. Through the use of genetic and molecular techniques we have
investigated the mechanisms by which light is able to modulate stomatal development. Through our
research we uncovered evidence of photoreceptor independent light signalling mechanism
regulating stomatal development.
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[P207] PATTERNING OF THE ASTERACEAE CAPITULUM
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Asteraceae, the sunflower family, represents one of the largest family of plants. Its evolutionary
success has been attributed to its unique flower-like inflorescence, the capitulum that mimics a
solitary flower but is composed of up to hundreds of flowers. On a capitulum, individual flowers are
organized in left and right winding spirals (contact parastichies), the number of which always follows
the two consecutive numbers in a mathematical Fibonacci series (1, 1, 2, 3, 5, 8, 13 …). Intriguingly,
while Arabidopsis shows organ spiral numbers of 3:5 in its apex, the Asteraceae capitula show much
higher Fibonacci numbers (e.g. 34:55 or 55:89). The regularity of this phyllotactic pattern has puzzled
both biologists and mathematicians for centuries. Here, we present our newest results on how such a
pattern is achieved on capitula of sunflower and gerbera, two model species in Asteraceae. By
integrating new imaging techniques including micro-CT, we have resolved the 3D growth dynamics
during early ontogeny of capitula, and the data revealed how high spiral number propagates and
becomes established during rapid expansion of the inflorescence meristem. By generating transgenic
gerbera lines with DR5 reporter, we investigated in vivo distribution of auxin throughout the
capitulum development, which emphasized a conserved role of auxin in positioning of organ
primordia. Furthermore, by manipulating capitulum growth with exogenously applied
phytohormones, we discovered that interplay of auxin, cytokinin and gibberellic acid plays a crucial
role in shaping the inflorescence meristem as well as in establishing the phyllotactic pattern.
Altogether, our results provide new insights on understanding phyllotactic patterning of Asteraceae
capitula at molecular level, and on elaborating capitulum as a model to study meristem biology. Our
future aim is to integrate the knowledge with computational modeling of Asteraceae capitulum
development.
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[P208] THE T6P PATHWAY COORDINATES MERISTEMATIC ACTIVITY WITH CELLULAR METABOLISM
DURING PLANT DEVELOPMENT IN ARABIDOPSIS THALIANA
Magdalena Musialak-Lange1, Jérémy Gruel2, Annika Franke1, Katharina Fiddeke1, Christin Abel1,
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Shoot apical meristem (SAM) size changes during a plant’s life, in particular it increases during the
floral transition. Interestingly, this coincides with an increase in trehalose 6-phosphate (T6P) levels in
the SAM. Overexpression or knockdown of TREHALOSE PHOSPHATE SYNTHASE 1 (TPS1) or
TREHALOSE PHOSPHATE PHOSPHATASES (TPP) drastically affects meristem size (1). Using RNA in situ
hybridisation, we found that in the transition meristem of Arabidopsis thaliana WUSCHEL (WUS)
transcript is no longer confined to the organising centre (OC), but its expression domain reaches into
the outer meristem layers. Moreover, we show, that trehalose metabolism genes are expressed in
distinct domains in the SAM throughout development and misexpression and/or downregulation of
either TPS1 or a particular TPP has an effect on the WUS expression domain. Additionally, plants with
reduced levels of this TPP in the meristem cell layer 1 (L1) are early flowering. Interestingly, the same
TPP is directly regulated by the CLV-WUS feedback loop. Earlier findings demonstrate that the T6P
pathway acts on cell cycle activity, by affecting cell cycle components in early stages of
embryogenesis (2). We confirmed similar changes in the expression of cell cycle components in the
SAM. Here we are presenting a model, in which the T6P pathway regulates meristem maintenance
and cell division rates in the SAM resulting in increased meristem size during the floral transition.
1) Wahl et al., Science 339, 704 (2013)
2) Gomez et al., The Plant Journal 46, 69 (2006)
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[P209] DYNAMIC GROWTH QTL IN ARABIDOPSIS THALIANA AND BRASSICA NAPUS
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Plant growth is a complex process integrating many genetic and environmental factors. We assessed
the vegetative growth in Arabidopsis thaliana and Brassica napus using automated phenotyping
facilities to monitor growth at several timepoints during development, to identify genetic factors
causing stage-specific differences in leaf area.
A collection of 382 Arabidopsis accessions were phenotyped at 10 different developmental
timepoints and genotyped using the Affymetrix 250K SNP array to perform genome-wide association
studies (GWAS) of leaf area and relative growth rates. Using the individual timepoint data, 284 main
effect marker-trait associations (MTAs) were detected that individually explained up to 6 % of the
total phenotypic variation. Co-localisation of MTAs occurred at 32 positions, with the number of colocalised trait-timepoint combinations ranging from two to seven. At 24 positions, MTAs for at least
two consecutive timepoints were observed. The dynamic expression pattern over time identified loci
involved only in early or only in later developmental stages.
Detailed phenotyping data were generated for 475 genetically diverse pollinator lines from a
commercial spring rapeseed breeding programme. Image-derived phenotype data were
complemented by global metabolite (GC-MS) and transcriptome (mRNA-Seq) profiles of pools of the
same plants and combined with array-derived SNP and CNV data for GWAS. Multiple co-localized
MTAs for different omics-layers were detected, including metabolites, transcripts and growth-related
traits. A time resolved analysis revealed dynamic contributions of loci for the accumulation of
biomass with certain loci being particularly active in either an early, intermediate and late phase.
In both species, growth-related MTAs displayed varying expression patterns during development,
indicating that the functions of the corresponding genes are required only in certain developmental
phases. This highlights the need for investigation of stage-specific growth affecting genes to elucidate
important processes operating at different developmental phases.
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[P210] A HYPOXIC NICHE ENCOMPASSING THE SHOOT MERISTEM REGULATES ITS ACTIVITY
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The evolution of an oxygen rich atmosphere on Earth is considered among the key factors that
enabled the development of complex multicellular organisms, including animals and plants. Indeed,
adequate oxygen provision is required to maintain efficient energy production in all eukaryotic cells.
Remarkably, low oxygen conditions are often associated with the pluripotent state of animal stem
cells, whereas cell differentiation is stimulated by increased oxygen tension. Determined to test
whether hypoxia is also required for maintenance and activity of plant stem cells, we designed
genetic reporters and employed micro-electrodes to measure the actual in vivo oxygen concentration
in Arabidopsis meristems. Among these, we observed that the shoot apical meristem (SAM) is
characterized by a low oxygen cellular environment, which positively controls the rate of new leaf
production. This endogenous hypoxic condition promotes the stabilization of a novel N-end rule
substrate, ZPR2, a micro-protein that regulate shoot meristem activity by inhibiting HD-ZIP III
transcription factors and their targets. In light of these results, we propose that, in plant apices,
molecular oxygen acts as a diffusible signal involved in the control of stem cell activity. In summary,
our study sheds new light on the involvement of an oxygen-dependent branch of the N-end rule
pathway in shoot organogenesis, possibly linking the regulation of metabolic activity to
developmental pathways.
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[P211] INDEPENDENT OF THE PIN1-MEDIATED POLAR AUXIN TRANSPORT DIFFERENTIATION OF
THE VASCULAR TISSUES IN THE INFLORESCENCE STEM OF ARABIDOPSIS THALIANA
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In Arabidopsis, the PIN1-dependent polar auxin transport is responsible for lateral organs formation
on the shoot apical meristem and differentiation of leaf traces connecting these organs with the
existing vascular system of the stem. Mutation in the PIN1 gene, and thus the damage of the polar
auxin transport (PAT), inhibits the organogenesis during inflorescence stem development, at least in
the early stages, without blocking the vascular tissues differentiation. Importantly, lateral organs are
considered to be the source of auxin, and PIN1 proteins to be necessary for proper distribution of the
auxin for vascular differentiation. The aim of our study was to test: 1) how the vascular system
develops in the pin1 mutant; 2) whether its development is depended on the auxin, 3) how auxin and
its response are localized in plants with impaired PIN1-dependent PAT. Our results showed that the
pattern of the vascular tissues of the mutant changes during the inflorescence stem development,
from the near regular eustele to strong vascular hypertrophy associated with the formation of the
amphivasal vascular bundles. Using the technique of auxin immunolocalization, with the monoclonal
antibody, we detected strong accumulation of auxin in the region of the vascular hypertrophy, with
highest signal identified in the differentiating procambial cells. In addition, the differentiation of the
conductive tissues in the inflorescence stems devoid of the lateral organs is not accompanied by
auxin response, visualized by the expression of the pDR5::GFP marker. Based on our results, we
conclude that PIN1-dependent PAT is not the only auxin transport pathway involved in the vascular
differentiation in Arabidopsis. Furthermore, in the pin1 mutant the inflorescence stem
vascularization can be control by different signaling pathways.
Funding: National Science Centre, grant No. 2014/15/B/NZ3/00858.
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Receptor-like cytoplasmic kinases (RLCKs) are related to plant receptor kinases (PRKs) but have
neither transmembrane nor extracellular domains. The functions of most of these plant-specific
kinases is unknown. The Arabidopsis genome codes for almost two hundred of these cytoplasmic
kinases that were classified into several families. In our laboratory, we characterize those members
of the RLCK Class VI family (RLCK VI_A) that were shown to have ROP G-protein-dependent in vitro
activity. One of these kinases, RLCK VI_A2 was investigated in detail using loss-of-function and gainof-function transgenic plants, respectively. Seedlings of the T-DNA insertion mutant rlck VI-a2
exhibited short hypocotyls and small cotyledons, while the adult plants had small rosettes. The
ectopic expression of the wild-type kinase could complement the loss-of-function phenotypes. In
agreement, overexpressing the kinase in the wild type background enhanced seedling and plant
growth. Cellular investigations indicated that the above phenotypes are associated with impaired cell
elongation (epidermal cell length/shape was measured) in the loss-of-function mutant. Exogenous
gibberellic application could complement this restoring plant (rosette) size too. Since gibberellic acid
synthesis was found to be unaffected in the mutant, the kinase may affect gibberellic acid sensitivity.
Because RLCK VI_A2 has ROP G-protein-dependent in vitro activity, one can speculate that this kinase
may serve as a link between ROP- and gibberellin-dependent signaling pathways.
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[P213] MAKR3 IS A NOVEL REGULATOR OF SHOOT GRAVITROPISM
Laia Armengot1, Maria Mar Marquès-Bueno1, Matthieu Pierre Platre1, Vincent Bayle1, Yvon Jaillais1
1
CNRS, ENS Lyon, RDP laboratory, Lyon,
Plant architecture is both genetically determined and modulated by external stimuli. Membranelocalized Receptor-Like Kinases (RLKs) are key determinants of plant architecture and need to be
tightly regulated during development. Several layers of regulation of RLKs activity exist, including
perception of extracellular ligands and control of the kinase activity in the cytosol. Negative
regulation of RLKs by inhibitory intracellular proteins is a process widely studied in animals but still an
emerging field in plants. BKI1 (BRI1 kinase inhibitor 1), a negative regulator of the brassinosteroid
receptor, is one of the best described RLK inhibitor in plants and is the founding member of the
Membrane Associated Kinase Regulators (MAKR) family.
Here, we explored the function of MAKR proteins in Arabidopsis thaliana. Because MAKR proteins
are putative RLK inhibitors, we used MAKR overexpression (OxMAKRs) in order to reveal phenotypes
mimicking those of the loss-of-function of their targeted RLKs. In particular, OxMAKR3 plants have
short inflorescences and round curled rosette leaves. In addition, OxMAKR3 is involved in shoot
gravitropic response. Moreover, its lateral inflorescences grow downward instead of upward,
suggesting a potential role of MAKR3 in the modulation of lateral inflorescences gravitropic set-point
angle (GSA). These results suggest that MAKR3 may target a yet unknown RLK involved in shoot
gravitropism. Next, we conducted a structure-localization-function approach to determine how
MAKR3 functions at the molecular/cellular levels. We showed that MAKR3 localizes to the plasma
membrane (PM) and that this localization is controlled by electrostatic interactions between a
polycationic region present in MAKR3 N-terminus and phosphatidylinositol-4-phosphate (PI4P)
present at the PM. In addition, we showed that PM localization as well as the C-terminal kinaseinteracting peptide are required for MAKR3 function.
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[P214] THE RE-ESTABLISHMENT OF MERISTEMATIC CELL POPULATION IN AXILS REQUIRES TWO
STEPS
Ying Wang1, Yuling Jiao2
1
University of Chinese Academy of Sciences
2
Institute of Genetics and Developmental Biology, Chinese Academy of Sciences
Shoot branching requires the establishment of new meristems harboring stem cells; this
phenomenon raises questions about the precise regulation of meristematic fate. In seed plants,
these new meristems initiate in leaf axils to enable lateral shoot branching. Using live imaging of leaf
axil cells, we show that the initiation of axillary meristems requires a meristematic cell population
continuously expressing the meristem marker SHOOT MERISTEMLESS (STM). The maintenance of
STM expression depends on the leaf axil auxin minimum. Ectopic expression of STM is insufficient to
activate axillary buds formation from plants that have lost leaf axil STM expressing cells. This
suggests that some cells undergo irreversible commitment to a developmental fate. In more mature
leaves, REVOLUTA (REV) directly up-regulates STM expression in leaf axil meristematic cells, but not
in differentiated cells, to establish axillary meristems. Cell type-specific binding of REV to the STM
region correlates with epigenetic modifications. Our data favor a threshold model for axillary
meristem initiation, in which low levels of STM maintain meristematic competence and high levels of
STM lead to meristem initiation.
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[P215] A TARGET FLOWER NUMBER DETERMINES THE END OF FLOWERING IN ARABIDOPSIS
Catriona Walker1, Tom Bennett1
1
University of Leeds, Faculty of Biological Sciences, Leeds, United Kingdom
Flowering is a critical trait in plants, and while a huge amount is known about the signals and
mechanisms that trigger flowering, we know very little about how and when flowering ends. In
Arabidopsis, it was previously proposed that cumulative seed set triggers a coordinated ‘global
proliferative arrest’ (GPA) event in which all inflorescences simultaneously arrest. While the GPA
model is a plausible explanation for the end of flowering in Arabidopsis, it cannot account for the end
of flowering in most plants. We have therefore re-examined the end of flowering in Arabidopsis using
a combination of detailed phenotypic analysis, microsurgical treatments and molecular genetics. We
show that the end of flowering is in fact not simultaneous across inflorescences, and may continue
for over 10 days after arrest of the main inflorescence. We show that each inflorescence has an
independent local ‘timer’ mechanism that regulates its lifetime, and that lifetimes are not
synchronised between inflorescences. We show that plants grown in the same conditions produce
the same number of flowers after first fruit set, even in the face of drastic surgical treatments,
suggesting that reaching a target number of flowers triggers the end of flowering. Removal of fruit
has no effect on this target, suggesting that cumulative seed set does not influence floral duration.
We propose a model in which, after first fruit set, plants continue to activate inflorescences with
defined lifespans until they reach their target flower number, whereupon flowering ends.
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[P216] CHROMATIN-MEDIATED REGULATION OF DIFFERENT ASPECTS OF REPRODUCTIVE
DEVELOPMENT IN ARABIDOPSIS
Dorota Komar1, Jose A Jarillo1, Manuel Pineiro1
1
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Nacional de Investigación y Tecnología Agraria y Alimentaria (INIA), Biotecnología, Madrid, Spain
Different aspects of plant reproductive development such as flowering initiation, inflorescence
architecture and flower development are tightly regulated in order to ensure an optimal production
of seeds and reproductive success. The Arabidopsis transcriptional regulator EARLY BOLTING IN
SHORT DAYS (EBS) is required for proper regulation of flowering time in through the direct repression
of the florigen gene FT. In fact, ebs mutants flower early phenotype and show increased expression
of FT. The EBS protein bears a PHD domain that recognizes histone H3 di- and trimethylated in lysine
4 (K4) (H3K4me2/3). Furthermore, the EBS protein interacts physically with histone deacetylases, and
loss of function mutations in the EBS gene cause increased levels of histone H3 acetylation in the
genomic region of FT [1].
The EBS gene plays additional roles in the control of later stages of reproductive development in
Arabidopsis, such as inflorescence growth and flower development. A number of severe
developmental abnormalities are conspicuously observed in the ebs mutants grown under noninductive flowering short day conditions including reduced apical dominance, phyllotaxy alterations,
and defects in floral meristem identity, as well as problems in floral development. Our results show
misregulation of floral identity genes, homeotic alterations of floral organs, floral reversion events,
and anomalies in the expression of inflorescence identity genes. Recent progress in understanding
the molecular function of EBS activity in the control of different aspects of reproductive development
will be presented.
References
1. López-González, L., Mouriz, A., Narro-Diego, L., Bustos, R., Martínez-Zapater, J.M., Jarillo, J.A. and
Piñeiro, M. (2014) Chromatin-dependent repression of the Arabidopsis floral integrator genes
involves plant specific PHD-containing proteins. Plant Cell 26: 3922-3938.
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[P217] AUXIN, ORGANOGENESIS AND PIN IN THE LIVERWORT, MARCHANTIA POLYMORPHA
Tom Fisher1, Eduardo Flores-Sandoval1, John Bowman1
1
Monash University, School of Biological Sciences, Clayton, Australia
Plant development is ruled by auxin, a hormone which acts as a contextual cue that informs growth
and organogenesis at every stage of a plant’s life. The PIN-FORMED gene (PIN) codes a membrane
bound auxin transporter that is unique in its ability to polarise the direction of auxin transport out of
a cell, a process which influences organogenesis and phototropism in flowering plants. Using
CRISPR/Cas9 targeted gene disruptions, reporter-protein fusion transgene complementation and
hormone treatments we have genetically characterised the only long PIN present in the liverwort,
Marchantia polymorpha, highlighting aspects of PIN function that may be fundamental to land
plants. Our primary findings show that MpPIN1 acts throughout the life cycle of the liverwort with
notable loss-of-function phenotypes including loss of gemmae polarity, delayed thallus regeneration
and impaired gametophore tropism. Rescuing Mppin1 with proMpPIN1:MpPIN1-Citrine reveals bright
and diffuse MpPIN1 localisation in gemmae cups, regenerating tissue and gametophore stalks as well
as putative cell membrane localisation in gemmae and air chambers. Additionally, growth of wild
type plants on media containing 2,4-D, an auxin analogue, phenocopies the pronounced convex air
chambers of Mppin1 plants. Our evidence suggests that MpPIN1 shares characteristics with flowering
plant long-PINs, however, further scrutiny of MpPIN1 localisation and corresponding auxin
distribution are required to determine whether MpPIN1 informs M polymorpha development by
directing auxin efflux. Despite this uncertainty it is clear that long PINs are an ancient and
fundamental part of land plant development and thus are important to our understanding of the
transition of plants onto land.
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[P218] THE ROLE OF CARBOHYDRATE OXIDOREDUCTASES IN PLANT CELL WALL DEVELOPMENT
Tanja Paasela 1, Anna Kärkönen1
1
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To implement the bio-based economy, new products are being developed based on renewable
biomass made by plant cell walls for replacing old products dependent on fossil resources. Cell walls
of woody species are the main source of renewable biomass in terrestrial ecosystems. They are
synthesized by hundreds of different enzymes, which determine their properties. Recently, new
enzymes called carbohydrate oxidoreductases have been identified in plants. These enzymes are
currently being investigated in Norway spruce and silver birch for activities useful for modifying
hemicellulose into novel biopolymers, however biological functions of these enzymes in plants are
unknown. In this project we will address the biological role of these cell wall-localized enzymes which
belong to different auxiliary activity (AA) families, i.e. they utilize different types of carbohydrates as
substrates and differ in the mechanism of action. Carbohydrate oxidoreductases change the redox
status of apoplast via the H2O2 produced and thus can determine the multitude of biochemical
reactions in cell walls, affecting their physical and chemical properties.
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[P219] SPECIFICATION OF DIFFERENTIAL CHLOROPLAST-TARGETED MAGNESIUM TRANSPORTER IN THE
PARAVEINAL REGIONS OF LEAF BLADES
Ji Young Hwang1, Snga Eun Jun1, Jin Young Moon2, Joeong-Il Kim3, Shuji Shigenobu4, Hirokazu Tsukaya5, GyungTae Kim1 2
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Gwangju, Rep. of South Korea
4
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Vascular tissues in leaf blades function as transport vessels for nutrients and minerals absorbed from roots or
produced by leaves. Indeed, transport of iron and magnesium in veins has vital role in chlorophyll synthesis and
their disruption of homeostasis results in paraveinal chlorosis of leaves. The mechanism underlying the
specification of ion transport to chloroplast in leaves is still unclear. Here, we have characterized yellow vein
mutant of Arabidopsis, which showed defective chloroplast development in paraveinal regions of leaf blades.
The phenotype of paraveinal chlorosis was affected by light length and intensity. We identified that YELLOW
VEIN gene encoded a chloroplast-targeted magnesium transporter. Strong expression was observed in the
phloem of leaf veins. Collectively, we will discuss the roles of magnesium homeostasis and light signal for
chloroplast development in paraveinal regions in leaf blades.
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[P220] A CIRCUIT OF DEFENSE CHEMISTRY, DEVELOPMENT AND NUTRITION AVAILABILITY IN ARABIDOPSIS
Konrad Weber1 2, Meike Burow1 2
1
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2
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Natural variation within regulatory networks enables plants to optimize defense and developmental phase
transitions in different environments. Particularly the correct shift from vegetative to reproductive growth
largely contributes to successful propagation. Timing is key for developmental transition and integrated by
several endogenous and environmental factors. Soil bound nutrients are very critical environmental factors for
plant growth, with nitrogen as the most demanded macronutrient strongly impacting plant development.
AOP2, a gene involved in the biosynthesis of glucosinolate defense compounds has been reported to be
involved in nitrogen starvation responses and their regulatory input to developmental responses in Arabidopsis
thaliana. Our data suggest that the long non-coding RNA of AOP2 is responsible for this regulation, whereas so
far only the enzyme-coding AOP2 was assigned a biological function. Ectopic expression of the AOP2 noncoding RNA alters flowering time, irrespective of day length and hormone or vernalization treatments,
preventing association to one of the classical flowering pathways. Root growth, as additional developmental
readout is also modulated trough the AOP2 non-coding RNA. Strikingly, AOP2 influences root length mostly
under severe nitrogen conditions, strengthening a regulatory function for AOP2 under environmental stress
conditions. Our data support the hypothesis that the AOP2 gene fine-tunes trade-offs between defense
chemistry, development and nutrient availability. The elucidation of the molecular mechanism of the noncoding AOP2 RNA will provide an example of how regulatory networks are interconnected, ensuring individual
survival of the species across different environments.
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[P221] ATG1 FAMILY PROTEINS PLAY DISTINCT ROLES IN AUTOPHAGY AND STRESS RESPONSE IN
PLANTS
Na Young Kim1, Keun Woo Choi1, Ohkmae K.Park1
1
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Autophagy is a crucial pathway for degradation of unnecessary components in yeast, animals, and
plants. Plants induce autophagy upon starvation, senescence, and invasion of pathogens to adjust
cell metabolism and protect themselves. Autophagy-related gene 1 (ATG1) functions during the
initial process of autophagy, i.e. autophagosome formation. ULK1, the ATG1 homolog in mammals,
has kinase activity and phosphorylates many downstream targets including Beclin-1, promoting
autophagosome biogenesis. ATG1 family has four members, ATG1a, ATG1b, ATG1c, and ATG1t in
Arabidopsis thaliana. However, how they function in physiological processes remains unclear. We
have prepared single and double mutants of atg1a, atg1b, and atg1c to understand the roles of
ATG1 family members under stress conditions. When these mutant plants were subjected to nutrient
starvation and dark-induced senescence, atg1b, atg1c, and atg1b atg1c plants showed increased
autophagic structures and delayed chlorosis compared to wild type and atg1a plants. In contrast,
atg1a, atg1a atg1b, and atg1a atg1c plants exhibited severe spreading cell death in response to
incompatible bacterial infection. Taken together, this results demonstrate that ATG1a, ATG1b, and
ATG1c regulate autophagy and stress responses positively or negatively depending on the conditions.
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[P222] TRANSCRIPTIONAL AND POST-TRANSCRIPTIONAL REGULATION OF SUCROSE TRANSPORTER
ATSUC2 IN RESPONSE TO ENVIRONMENTAL CUES
Qiyu Xu1, Yunjuan Ren1, Johannes Liesche1
1
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In Arabidopsis, photosynthetically fixed carbon is transported from leaves to other parts of the plant
as sucrose. This long-distance transport takes place inside the highly specialized cells of the phloem.
Sucrose transporter AtSUC2 is responsible for loading the sugars into the phloem and is, therefore,
the key protein for determining the rate of sugar export from leaves. This study aimed to answer the
question of how AtSUC2 is regulated, especially in response to environmental cues.
Arabidopsis plants were exposed to different light conditions and various types of abiotic stress,
including drought, heat and salt stress. The amount of exported sugars was quantified with two
independent techniques, EDTA-facilitated phloem sap exudation and tracing of isotopically labeled
sugars. This data was complemented with measurements of photosynthetic rate, soluble sugar levels
in whole leaves, AtSUC2 gene expression and AtSUC2 protein abundance.
The results revealed that SUT regulation happens mostly on the transcriptional level, even at short
time scales (2h). However, certain environmental cues that increase photosynthesis, such as transfer
to high light conditions, acted post-translationally: a reduced protein break-down rate increased the
amount of active AtSUC2. Leaf sugar status was identified to be the primary regulator of AtSUC2.
Additional experiments also indicated a direct control of AtSUC2 transcription by hormones.
These results provide new insight on the regulation of sugar export from leaves, which will facilitate
the development of metabolic models comprising the whole plant.
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[P223] IDENTIFICATION AND CHARACTERIZATION OF NICOTIANAMINE TRANSPORTERS IN
ARABIDOPSIS
Yi-Tze Chen1, Tomoko Nozoye2, Naoko Nishizawa2, Kuo-Chen Yeh1
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Zinc is an essential nutrient for plants but can cause toxicity in excess. Therefore, zinc accumulation is
tightly regulated in plants. The metal chelator, nicotianamine (NA), is a major player in plant heavy
metal homeostasis. It forms stable complexes with divalent metal cations and is involved in zinc
intracellular and long –distance transport. Arabidopsis halleri, the close relative of Arabidopsis
thaliana, is capable of hypeaccumulating and hypertolerating heavy metals. It contains higher NA
contents in the roots compared with A. thaliana, and the elevated NA is involved in zinc
hyperaccumulation in the shoots of A. halleri by promoting zinc root-to-shoot transport. In our
previous study, we found that both A. halleri and A. thaliana secret NA from the roots while A. halleri
has higher NA secretion. The secreted NA forms complex with zinc to control zinc uptake rate into
roots. To get better understanding of NA secretion mechanism, we used next-generation sequencing
(NGS) to identify putative NA transporters. We found that two genes- EFFLUX TRANSPORTER OF NA1
(ENA1) and ZINC INDUCED FACILITATOR-LIKE 2(ZIFL2) were expressed higher in A. halleri than in A.
thaliana. Both ENA1 and ZIFL2 have NA efflux activities. Although NA contents in ena1-1and zifl2-1
exudates are comparable with that in exudates of wild-type, over-expressing AhENA1 and AhZIFL2
increased NA secretion in A. thaliana. Moreover, the AhENA1 and AhZIFL2over-expresseors are more
tolerant to excess Zn, and over-expressing AhENA1 and AhZIFL2 in zifl1-2 mutant can rescue zifl1-2
hypersensitivity to excess Zn and Fe deficiency. Therefore, ENA1 and ZIFL2 are NA transporters,
which regulate NA secretion and are important for Zn homeostasis.
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[P224] CELL WALL SUGAR RECYCLING BETWEEN THE ENDOSPERM AND EMBRYO IN ARABIDOPSIS
THALIANA SEEDS
Douglas Pyott1, Gwyneth Ingram1
1
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The development of angiosperm seeds requires an exquisite co-ordination between three genetically
and physically distinct tissues: the maternal seed coat (2n), the zygotic embryo (2n), and the
endosperm (3n). The endosperm is crucial to developing seeds in both physical and chemical terms.
For instance, the process of endosperm cellularisation generates forces required for seed expansion,
while the degradation of the endosperm provides nutrients to the growing embryo. The endosperm
of Arabidopsis thaliana is non-persistent, meaning that it is almost completely degraded during seed
development, with only a thin layer of endosperm surrounding the embryo in the mature seed.
The endosperm-specific basic helix-loop-helix (bHLH) transcription factor ZHOUPI has previously
been identified as an important regulator of endosperm degradation. Our analysis of transcriptional
profiles of zhoupi loss-of-function mutants suggests that ZHOUPI-mediated endosperm degradation
entails the induction of several cell wall modifying enzymes. Interestingly, many of these enzymes
are involved in the metabolism of arabinose, which is an important moiety of plant cell walls. This
study applies a novel multiplex genome editing strategy to validate the candidate cell wall modifiers
thought to act downstream of ZHOUPI during endosperm degradation. In addition to probing the
genetics of this pathway, we are taking a biochemical approach to investigate the role of sugar
recycling from the degrading endosperm to the developing embryo.
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[P225] IDENTIFICATION AND CHARACTERIZATION OF CRF1, CONSTITUTIVE RESPONSE TO FE
DEFICIENCY 1 IN ARABIDOPSIS THALIANA
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Iron (Fe) is essential element for living organisms. Plants are the principal source of dietary Fe. Plant
roots hunt soil for Fe and Fe concentration can be dramatically lower than required for growth. Its
deficiency leads to developmental defects and excess can cause toxicity. Plants tightly control the
iron dependent transcription to ensure the optimal Fe absorption. The molecular components and
signaling networks involved in Fe acquisition from soil and transportation to destitute parts of plants
are required to be studied comprehensively. Majority of the known factors involved in Fe acquisition
are positive regulators but only one known negative regulator is reported so far. In order to identify
negative regulators involved in Fe homeostasis, IRT1 (IRON REGULATED TRANSPORTER 1) promoter
driven luciferase (PIRT1:LUC) construct was used for genetic screening. This reporter system is
activated within 2-3 days under Fe deficient conditions and completely repressed under Fe sufficient
conditions. EMS (Ethyl Methane Sulfonate) mutagenesis approach was used to screen novel
candidates. Constitutive Response to Fe-deficiency1(crf1) mutant was identified with constitutive
IRT1 transcript and protein expression despite of Fe status. The Fe specific mutant crf1 is tolerant to
Fe deficiency, excess zinc and cadmium, and accumulates more Fe than wild type (WT). Quantitative
analysis for Fe accumulation showed that in excess Cd and Zn, the Fe content is higher in crf1. Several
Fe deficiency responsive genes including IRT1, FRO2 (FERRIC REDUCTION OXIDASE 2), FIT (FER LIKE
IRON-DEFICIENCY INDUCED TRANSCRIPTION FACTOR) and bHLH100/101/38/39 are constitutively
expressed in crf1. Microarray analysis have revealed interesting candidates found to be highly
expressed in mutant. CRF1 can help to plant survival under heavy metal toxicity and CRF1 could be a
sensor and an upstream regulator in Fe homeostasis signalling pathway.
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[P226] FINDING TARGETS AND DOWNSTREAM COMPONENTS OF TREHALOSE 6-P SIGNALLING
Omri Avidan1
1
Max Planck Institute of Molecular Plant Physiology, Potsdam, Germany
Trehalose 6–phosphate (Tre6P), the precursor of trehalose, is an essential signal metabolite in plants,
linking growth and development to carbon metabolism. The sucrose-Tre6P nexus model postulates
that Tre6P is both a signal and negative feedback regulator of sucrose, forming part of a mechanism
to maintain sucrose levels within an optimal range. However, the exact mechanism and downstream
components by which Tre6P exerts its effects on plant growth and development are still mostly
unknown. Induced short-term increases in Tre6P during the day led to a decrease in sucrose content
by diverting photoassimilates away from sucrose to generate carbon skeletons and fixed nitrogen for
amino acid synthesis, mediated via post-translational activation of nitrate reductase and
phosphoenolpyruvate carboxylase [1]. At night, high Tre6P levels inhibit transitory starch
degradation, potentially linking starch turnover in source leaves to carbon demand from developing
sink organs [2]. SNF1-related protein kinase 1 (SnRK1) plays a fundamental role in regulating cellular
responses to energy limitation and carbon starvation, and Tre6P has been reported to inhibit the in
vitro activity of SnRK1 in young developing tissues. This led to a hypothesis that the effects of Tre6P
on plant development are largely mediated through inhibition of SnRK1 [3]. However, the
relationship between Tre6P and SnRK1 in developing tissues may be more complex than postulated
by this hypothesis. Our aim is to explore and decipher the Tre6P signalling pathway further by: (i)
investigating responses to induced short-term decreases in Tre6P; (ii) comparing responses to shortterm changes in Tre6P to induced, short-term increases in SnRK1 activity; (iii) identifying Tre6P
binding proteins. The experimental approaches are described and some preliminary results are
presented.
* The abstract has been presented in previous meetings
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[P227] THE CIRCADIAN CLOCK CONTROLS THE ONSET OF LEAF STARCH DEGRADATION AT THE END
OF THE DAY
Alison Smith1, Pumi Perera1
1
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Arabidopsis stores part of its photosynthate as starch during the day and obtains energy for
respiration and growth at night by breaking down this starch. Starch degradation is regulated to
ensure that starch reserves last until the end of the night, in a process that is dependent on the
circadian clock. Plants grown in artificial square-wave light regimes – as in most controlledenvironment rooms - experience a transient period of starvation at the beginning of the night due to
a lag in the initiation of starch degradation following the sudden imposition of darkness. This is not
observed in plants in natural light regimes because they initiate starch degradation as light levels
decline prior to the onset of darkness, while photosynthesis and starch synthesis are still occurring.
Our aim is to find out how starch degradation is initiated at this point in the day. Our results thus far
indicate that the onset of degradation is gated by the circadian clock, so that it occurs when light
levels fall late in the day but not if they fall earlier in the day. This “twilight” function of the circadian
clock serves to maintain carbon availability and thus avoid starvation during the daily light-dark
transition.
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[P228] MULTI-GENERATIONAL SPERMIDINE RESTORATION OF METHYLTHIOADENOSINE
NUCLEOSIDASE DEFICIENCY-INDUCED INFERTILITY IN ARABIDOPSIS
Benjamin Tremblay1, Maye Saechao1, Markus Wirtz2, Yihan Dong2, Ruediger Hell2, Barb Moffatt1
1
University of Waterloo, Department of Biology, Waterloo, Canada
2
Heidelberg University, Centre for Organismal Studies, Heidelberg, Germany
5ʹ-Methylthioadenosine nucleosidase (MTN) is the first enzyme in the activated methionine recycling
pathway. This enzyme is encoded by two genes, MTN1 (AT4G38800) and MTN2 (AT4G34840) in
Arabidopsis. MTN deficiency in the double mutant mtn1-1mtn2-1 results in an accumulation of its
substrate, 5ʹ-methylthioadenosine (MTA). This is believed to feedback-inhibit several enzyme
activities producing MTA, including nicotianamine synthases, 1-aminocyclopropane-1-carboxylic acid
synthases (which generate the precursor required for ethylene biosynthesis), and polyamine
synthases. As a result, the mtn1-1mtn2-1 double mutant has a complex phenotype which includes
male and female sterility. By feeding the polyamine spermidine to mtn1-1mtn2-1 double mutant
seedlings for a brief time, partial fertility can be restored. The degree of restoration increases over
the next couple generations and is then stable. We sought to elucidate the mechanisms behind this
multi-generational fertility restoration by combining RNA-seq data and metabolite measurements of
seedling and bud tissues. Our results suggest that the restoration involves changes to the
methylation state of the genome, cell growth, alternative splicing, and gene expression related to the
circadian rhythm, stress response and glucosinolate production. In a second approach, we performed
a suppressor screen to find candidate genes which may contribute to the restoration of the MTNdeficiency phenotype. Current work is aimed at identifying and characterizing single nucleotide
polymorphisms in the suppressor lines as well as validating some of the proposed mechanisms
underlying spermidine restoration.
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[P229] FUNCTIONAL CHARACTERIZATION OF AF PLASTIC SUGAR TRANSPORTER GENE FROM
ARABIDOPSIS THALIANA
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The major carbohydrates in plants are glucose, fructose, sucrose, cellulose and starch. The transport
of sugars across membrane barriers is essential for higher plants, since sugar represents transport
and storage units of cellular energy generation and thus play a fundamental role during
developmental processes and stress responses. In addition to transport across the plasma
membrane, carrier-mediated sugar transport has also been demonstrated across organellar
membranes, such as the inner plastid envelope or the vacuolar membrane, named tonoplast. The
monosaccharide transporter family is diverse. In this study, we will focus on VGT-like protein family
of monosaccharide transporter in which comprised of three genes Arabidopsis thaliana Vacuolar
Glucose Transporter 1 (AtVGT1), AtVGT2, and AtVGT3. Recently, two genes from this family, AtVGT1
and AtVGT2 have been shown to localize to the vacuolar membrane of Arabidopsis thaliana (A.
thaliana) (Aluri and Büttner, 2006). It has been shown that VGT1 transports glucose and a protoncoupled antiport. In contrast, here we show that the protein encoded by AtVGT3, locates to the
chloroplast membrane. In order to unravel the function of this protein, we take the advantage of the
recombinant yeast expression system in which AtVGT3 expressed in vacuole. Transport assay using
fluorescent glucose analogue showed that the fluorescing glucose analogue can be taken up by VGT3
into vacuole, suggesting the function of this protein as a glucose transporter. Interestingly, the
mutant plants of this protein showed alteration in flowering time, seeds number, and siliques length
under warm and also long day conditions. We further observe the transcript level changes of genes
involved in the flowering development e.g. Flowering Locus T (FT) and Flowering Locus C (FLC) in the
mutants compared to the wild type. It suggests the possible role of this protein in the flowering
development.
Key words: sugar transporter, chloroplast, flowering, Arabidopsis
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[P230] TAKING ADVANTAGE OF LIGHT CONDITIONS TO MODULATE GLUCOSINOLATE PRODUCTION
IN CRUCIFEROUS CROPS
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Jeschke4, Meike Burow5
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Glucosinolates (GSL) are sulfur and nitrogen rich organic compounds, which include major secondary
metabolites that confer resistance against insect herbivores and microbial pathogens in Brassicaceae.
Studies have indicated that a diet high in GSL has a chemopreventitive effect and is inversely related
with a lower risk of developing certain types of cancers. Understanding the molecular mechanisms
and refining the nutritional value of crops is therefore a matter of high societal impact. We have
shown that protein phosphatase 2A regulatory subunit B’γ (PP2A-B’γ) interacts with INDOLE
GLUCOSINOLATE METHYLTRANSFERASEs (IGMTs) and controls the methylation of indole
glucosinolates and formation of 4-methoxy-indol-3-yl-methyl glucosinolate (4MO-I3M) in Arabidopsis
leaves. Proteomic and metabolomics approaches further revealed that PP2A-B’γ and the prevalent
light conditions comprise key elements that control the abundance of oligomeric protein complexes
functionally linked with Activated Methyl Cycle and the transmethylation capacity of leaf cells.
Currently, we are developing strategies to manipulate the Activated Methyl Cycle and the
glucosinolate contents of cruciferous crops by varying light conditions. These integrative studies on
Arabidopsis thaliana and different varieties of B. oleracea (kales) will benefit food industry and
improve urban farming.
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[P231] D-AMINO ACIDS ARE EXUDATED BY ARABIDOPSIS THALIANA ROOTS TO THE RHIZOSPHERE
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Proteinogenic L-amino acids (L-AAs) are essential in all kingdoms as building blocks of proteins. Their
D-enantiomers are also known to fulfill important functions in microbes, fungi and animals, but
information about these molecules in plants is still sparse. Previously, it was shown that D-amino
acids (D-AAs) are taken up and utilized by plants, but their ways to reduce excessive amounts of
them still remained unclear. Analyses of plant D-AA content after D-Ala and D-Glu feeding opened
the question if exudation of D-AAs into the rhizosphere takes place and plays a role in the reduction
of D-AA contents in plants. The exudation of D-Ala and D-Glu could be confirmed by amino acid
analyses of growth media from plants treated with these D-AAs. Further tests revealed that also
other D-AAs were secreted. Nevertheless, treatments with D-Ala and D-Glu showed that plants are
still able to reduce its contents within plants without exudation. Further exudation experiments with
transport inhibitors revealed that D-AA root exudation is rather passive and comparable to the
secretion of L-AAs. Altogether these observations argued against a dominant role of exudation in the
regulation of plant D-AA contents, but may influence the composition of the rhizosphere.
Submitted in the International Journal of Molecular Science, under review
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[P232] EFFECT OF WHOLE GENOME DUPLICATION EVENTS ON K HOMEOSTAIS AND FITNESS
Sina Fischer1, David E. Salt1
1
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Whole genome duplication (WGD) events have well known evolutionary benefits. The establishment
of a population after ploidisation however remains elusive since individuals with newly duplicated
genomes generally show a reduced fitness. The fist evidence that fitness can be positively influenced
by WGD if plants are salt stressed1 has therefore provided an avenue of investigation into the
molecular changes necessary for long term survival of neo-polyploids.
To this end the gene expression in diploid and tetraploid plants was analysed along with the effect of
Na-stress. Differential gene expression revealed 1) higher expression of the high-affinity K uptake
transporter HAK5 in neo-tetraploids. 2) More differences in gene expression between diploids and
neo-tetraploids under control conditions than under Na-stress. 3) Induction of ABA signalling genes
in neo-tetraploids under control conditions.
From these observations 3 hypothesis were formulated. 1) Higher uptake of K in tetraploids is the
result of higher HAK5 expression. 2) ABA signalling contributes to phenotypic changes of neotetraploids. 3) Neo-tetraploids are pre-adapted to stress and therefore show a more similar
expression compared to diploids once diploids have responded to Na-stress.
Experimental analysis of the hypothesis revealed, that HAK5 does not contribute to enhanced K
accumulation under high external K supply. Instead, preliminary data indicate that AKT1, part of the
low-affinity K uptake system, is required. Ongoing analysis focuses on the regulation difference of
AKT1 in neo-tetraploids. Additionally, a difference in response to ABA treatment has been shown for
neo-tetraploids. Mutants of ABA signalling genes with differential expression in neo-tetraploids are
currently being analysed. Thirdly, the acclimatisation potential of diploids and neo-tetraploids to Nastress was assessed and initial data indicate a greater acclimatisation potential for diploids
confirming the hypothesis that neo-tetraploids are already responding to Na-stress even in the
absence of such a signal.
1: Chao et al. 2013, Science
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[P233] GLUTAMATE AS A POTENTIAL ORCHESTRATOR OF THE ROOT APICAL
MERISTEM:PRELIMINARY EVIDENCE FROM NEW APPROACH
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Glutamate (Glu) occupies a central role in amino acid metabolism and nitrogen distribution in plants.
In animals, extracellular Glu (eGlu) is a crucial signaling molecule that functions in neurotransmission.
Ionotropic glutamate receptors (iGluRs) are non-selective cation channels that are gated by
extracellular Glu at postsynaptic neuronal membranes. The discovery of iGluR homologs in plants,
which are referred to as GLRs, has raised interesting questions about the potential role of Glu in plant
signaling. Nevertheless, the mechanisms of when, where and how Glu may act as a signaling
molecule in plants are still unclear. To address these questions, we sought to develop new tools to
monitor spatial and temporal dynamics of Glu distribution in plant cells by engineering fluorescent
glutamate sensors called FLIP-Es with a range of affinities spanning from 600 nM to 1 mM. When
sensors were expressed at the extracellular face of the plasma membrane in Arabidopsis, plants
expressing high-affinity FLIP-E variants were dwarfed, yet plants expressing lower-affinity or
cytosolically targeted variants appeared phenotypically normal. Closer observation revealed that
dwarf plants expressing high-affinity FLIP-Es showed striking disorganization of their root apical
meristems and an apparent lack of the columella cell file. These effects are putatively due to the Glubinding activity of FLIP-Es, which may act as molecular sponges to impair Glu-mediated signaling
processes. The observed phenotypes suggest that extracellular Glu may function in cell-to-cell
communication to establish and/or maintain organization of the root apical meristem. To test this
hypothesis, we are currently establishing inducible expression systems and cell type-specific
expression lines to identify where, when, and how expression of high-affinity extracellular FLIP-Es
leads to disorganization of the root apical meristem.
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[P234] DAT1, A FUNTIOINAL CHIRAL SPECIFIC TRANSAMINASE FROM A. THALIANA
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DAT1, A FUNTIONAL CHIRAL SPECIFIC TRANSAMINSE FROM A. THALIANA. The relevance of the homochirality of
proteinogenic amino acids for life is undisputed; also to their D-enantiomers a growing number of biological
functions could be assigned. When it comes to D-amino acids (D-AAs) in plants, information was relatively
scarce for a long time. Nowadays, knowledge is growing in this field. In this respect, it was shown that D-AAs
are taken up by plants from soil, but could also be synthesized de novo. Investigations of plant D-AA
metabolism revealed a central function of D-Ala in plants, which awaits further elucidation. Also other D-AAs
are shown to cause physiological effects in plants, ranging from nitrogen utilization over stress adaptation to
chloroplast division, indicating that D-AAs are responsible for a variety of yet poorly understood or even
undiscovered functions in plants. Specially, the knowledge about transport, metabolism and functions of these
molecules in plants is relatively scarce. Previous reports revealed that plants take up D-AAs and metabolized via
central enzymatic routes. This led to the question, whether oxidation, racemization or transamination
contributes mainly to D-AA catabolism. Transamination got into attention due to the finding that the
Arabidopsis accession Landsberg erecta (Ler) is defected in D-AA metabolization. In this work, the
identification of the gene AtDAT1, responsible for this metabolization defect and the encoded enzyme as a
participant regulator of D-AA catabolism in Arabidopsis thaliana is reported. AtDAT1 loss-of-function plants as
well as Arabidopsis accessions with defective AtDAT1 alleles were not able to metabolize D-Met. These plants
did not show apparent alterations in growth and development or in response to stress but were less resistant
against exogenous application of D-Met. This result is in agreement with the observation that AtDAT1 has the
highest activity with D-Met as substrate in biochemical assays.
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[P235] ANALYSING THE DARWINIAN FITNESS OF THE FTSHI MEMBERS IN ARABIDOPSIS THALIANA
Laxmi Mishra1, Kati Mielke 1, Christiane Funk1
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FtsH (filamentation temperature sensitive protein H) proteases are a family of membrane bound
proteases present in pro and eukaryotes. These proteases consist of an AAA (ATPase) and a Zn2+
metalloprotease domain ligating the zinc ion in the consensus sequence HEXXH. Besides twelve
genes encoding proteolytic active members of the FtsH family in the genome of Arabidopsis thaliana
there are five genes encoding for members that are presumably proteolytically inactive due to
mutations in the protease domain; these members are termed FtsHi (for inactive). Despite their lack
of proteolytic activity, these FtsHi’s seem to be important for chloroplast and overall plant
development as homozygous mutants of FtsHi often are embryo lethal. Aim: The aim of this study is
to give an overview about the impact of FtsHi-mutants on Darwinian fitness in Arabidopsis. Methods:
Here we have compared weak homozygous (ftshi1 and 3) and heterozygous (ftshi2, 4 and 5) ftshi
mutants by Darwinian fitness analysis. We compared these mutants to their respective wild type (wt)
Arabidopsis plants during growth in the field, by measuring plant rosette size, seed and silique
production. We also evaluated the photosynthetic efficiency by pulse-amplitude modulated
fluorescence. Results: On comparing all the five FtsHi mutants with respective wt we found ftshi3 (i31) to display a strong phenotype compared to wt in the field. i3-1 showed a pale green, small rosette
phenotype and produced significantly lower number of seeds and siliques compared to wt plants.
The ratio of variable (Fv) to maximum (Fm) fluorescence (Fv/Fm) was found to be lower in i3-1
suggesting the corresponding protein to have effects on Photosystem II efficiency. Conclusion:
Amongst the five FtsHi’s i3-1 displayed a strong phenotype when grown in the field, the exact role of
Ftshi3 in chloroplast will be discussed.
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[P236] ANALYSIS OF THE INHIBITORY TARGETS OF TWO CHEMICAL COMPOUNDS THAT INHIBIT
PHOTOSYNTHETIC ELECTRON TRANSPORT.
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Inhibition of photosynthesis is a well-established molecular target of action of herbicides which affect
plant growth, and causing deformities in new growth. Presumably, it is known that half of currently
available herbicides exhibit inhibitory activity by interaction with several components in the electron
transport system of the photosystem II. However, as the emergence of herbicide-resistant weeds
occurs frequently, the number of herbicides that have the effect of maintaining the herbicidal effect
is greatly decreasing at present. Therefore, the development of new herbicides is an urgent issue. We
aimed to develop new herbicides, and screened compounds that inhibit photosynthetic electron
transfer from the RIKEN NPDepo chemical library which includes approximately 25,000 natural
products. We measured chlorophyll fluorescence as an indicator of photosynthetic inhibition that is
possible for a high-throughput chemical screening. From screening of pilot library consisting of 376
representative compounds, we identified two chemical compounds as a strong inhibitor of
photosynthetic electron transport. Two chemical compounds could induce the inhibition of
photosynthetic electron transports in a dose-dependent manner. We further analyzed the activity of
their chemical analogs with similar partial conformation and revealed structural sites important for
the inhibitory activity of photosynthesis. From the analysis of several photosynthetic parameters by
chlorophyll fluorescence, One of two chemicals inhibit electron flow by PSII itself, and estimate the
fractions of PSII centers QA in closed states under dark. Another chemical compound appears to have
inhibitory activity similar to atrazine binding to serine at position 264 of the D1 protein. We are
currently working to confirm these predicted photosynthesis inhibition targets.
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[P237] FUNCTIONAL ANALYSIS OF CHLOROPHYLL DEPHYTYLASES
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CHLOROPHYLL DEPHYTYLASE1 (CLD1) was recently shown to play a role in chlorophyll turnover
during steady state in Arabidopsis. Genetic and biochemical evidence suggests that CLD1 cleaves a
chlorophyll molecule into chlorophyllide and phytol, which are recycled for the synthesis of
chlorophyll and tocopherol, respectively. However, the exact role of CLD1 in chlorophyll metabolism
remains unclear due to lack of a knockout (KO) mutant and the presence of homologs that might
exert redundant functions. In higher plants and algae, there exist three CLD1 homologs, including
two proteins of unknown function (named CLD2 and CLD3 herein) and pheophytinase, which is
involved in chlorophyll breakdown by hydrolyzing pheophytin. Here, we have taken a reverse genetic
approach using Arabidopsis KO mutants of the CLD genes to understand their biological functions.
Biochemical analysis of the recombinant enzymes showed that CLD2 and CLD3 dephytylate both
chlorophyll and pheophytin in a way similar to CLD1. Subcellular fractionation and proteomic data
indicate that CLD2 and CLD3 are chloroplast proteins. Also, all three CLD genes are constitutively
expressed in green tissues. We generated several CLD1 KO mutants by CRISPR-Cas9 and isolated the
T-DNA KO mutants of CLD2 and CLD3. The KO mutants were confirmed by immunoblot using the
specific antibodies against individual CLD protein. All the single KO mutants grew and reproduced
similar to the wild type under the non-stress condition, indicating that none of the CLD genes are
essential. The tocopherol content was substantially higher in the transgenic plants with superoptimal
CLD1 activity comparing to that in wild type but was unchanged in cld1, cld2, and cld3 mutants.
These observations point to the possibility that the CLD genes have redundant functions. We are now
generating the double and triple KO mutants and will present the updated results during the
conference.
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[P238] CURT1 PROTEINS MODULATE MEMBRANE MORPHOLOGY DURING CHLOROPLAST
BIOGENESIS
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Chloroplast biogenesis is conserved across land plants and involves changes in lipid composition,
protein and pigment accumulation, and membrane structure. Although the role of chaperones
and PSII assembly complexes is widely reported, cross-talk between structural changes and
photosynthetic complex assembly is poorly understood. Previously, CURT1 proteins were shown
to be involved in light acclimation by modulating thylakoid membrane dynamics without affecting
the actual assembly of the main photosynthetic complexes. Here, we characterize structural and
functional aspects of the de-etiolation process in Arabidopsis thaliana, using CURT1 proteins as a
genetic tool. We demonstrate that CURT1 proteins are present in the membrane fraction during
the transition from etioplast to chloroplast, and regulate the packing and morphology of
prolamellar bodies in a dosage-dependent manner. Protein composition, photosynthetic complex
assembly, and chlorophyll accumulation are affected by over-accumulation or lack of CURT1
proteins, and this is reflected by decreased PSII activity during de-etiolation. Together, our results
suggest a close relationship between membrane morphology and the onset of photosynthetic
activity.
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[P239] IN VIVO REDOX PROTEOMICS ADVANCES OUR UNDERSTANDING OF LIGHT-DEPENDENT
REDOX REGULATION IN THE CHLOROPLAST
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Thioredoxins (Trx) participate in redox regulation in plant chloroplasts through the light-dependent
reduction of regulatory disulphides in certain enzymes. Inactivation of biosynthetic enzymes during
the night through thiol oxidation and their reactivation by Trx-catalysed disulphide reduction at dawn
imply better utilization of the light energy in photosynthesis. Since the emergence of methods
involving proteomics aimed at finding new protein targets for Trx, more than a hundred chloroplast
proteins belonging to a variety of different processes have been identified as possible substrates for
Trx in vitro. However, the physiological relevance of many of these putative targets may be
questioned and some frequently identified targets have proven not to be subject to light-dependent
redox regulation in vivo. These shortcomings underscore the need to develop global experimental
approaches in vivo that focus on light-dependent changes in the redox state of protein cysteines.
The proposed methodology, based on a modified biotin-switch assay combined with mass
spectrometry, addresses reversibly oxidised protein cysteines that respond to brief illumination in
vivo, taking advantage of the rapidness of this post-translational modification as compared to
changes in protein expression. Caution is taken to assure quick thiol-quenching considering the
unstable nature of reactive cysteines. Applying this approach, well-known redox-regulated
chloroplast enzymes, such as phosphoribulokinase, sedoheptulose 1, 7-bisphosphatase and fructose
1, 6- bisphosphatase were confirmed to undergo disulphide reduction in the light. In contrast, the
large subunit of Rubisco, RbcL, and the photosystem II subunit PsbO1 did not display light-dependent
changes in the cysteine redox state, despite their omnipresence in Trx target proteomes acquired in
vitro. In conclusion, the new strategy permits the identification of the subset of chloroplast proteins
undergoing true light-dependent redox modifications, which constitutes a part of the larger
proteome including any protein with redox-sensitive cysteines.
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Egy2 is protease located in thylakoid membrane and belonging to site-2 proteases. Proteases of
these type are thought to participate in signal transduction pathways by releasing of membraneanchored transcription factors. Our previous study revealed that egy2 Arabidopsis thaliana mutant
lines display an increased accumulation level of PsbA and reduced abundance of PsbD and PsbC
proteins. All three proteins are encoded in chloroplast genome by genes located on two operons:
PSBA and PSBC/D. The aim of this study was to test the hypothesis that observed changes in protein
accumulation levels are a result of altered gene expression. The abundance of PSBA, PSBD and PSBC
transcripts was analyzed with real-time PCR in two separate mutant lines devoid of Egy2 protease.
Two - dimensional analysis of thylakoid membranes proteome was also performed to indicate the
proteins accumulating in absence of Egy2 protease. This proteins were further identified by liquid
chromatography coupled to the mass spectrometer. The obtained results shown that egy2 mutants
display an increased expression of PSBA and reduction in the PSBD and PSBC, what correlates with
changes in the proteins abundance. Moreover, pTAC10, pTAC16 and FLN1 proteins were found to
accumulate in thylakoid membranes fraction of analyzed mutant lines. These proteins are known to
interact with core complex of plastid encoded RNA polymerase and participate in regulation of the
complex activity. The plastid encoded RNA polymerase complex carry out, in turn, transcription of
PSBA and PSBC/D operons. In conclusion our results support the hypothesis that Egy2 protease
participate in regulation of expression of PSBA, PSBC and PSBD by releasing from thylakoid
membrane pTAC10, pTAC16 and/or FLN1-transcription factors.
This work was supported by the Polish National Science Center based on decision number DEC2014/15/B/NZ3/00412.
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Egy2 from Arabidopsis thaliana belongs to intramembrane proteases and is able to perform the
proteolytic cleavage within the thylakoid membrane where it is located. The structure of Egy2
protease and its physiological role remains, however, elusive. The aim of this study was to predict 3D
structure of Egy2 protein and investigate physiological and phenotypic changes in egy2 mutants
lacking of Egy2 protease. For prediction of Egy2 structure “Frankenstein’s Monster” approach was
applied and chain A - Site-2 Protease from Methanocaldococcus jannaschii was used as the template.
The function of the EGY2 protease was studied in two commercially available lines with T-DNA
insertion mutations. The absence of Egy2 protease was confirmed by immunoblot analysis with use
of Anti-EGY2 speciﬁc polyclonal antibodies. Chlorophyll fluorescence measurements and immunoblot
analysis of the selected PSII apoproteins were performed. Our results revealed that the lack of EGY2
protease caused changes in non-photochemical quenching (NPQ) and minimum fluorescence yield
(F0) as well as higher sensitivity of photosystem II (PSII) to photoinhibition. Further immunoblot
analysis revealed significant changes in the accumulation levels of the three chloroplast genome
encoded PSII core apoproteins: PsbA and PsbD forming the PSII reaction centre and PsbC – a protein
component of CP43, a part of inner PSII antennae. The accumulation level of nuclear genome
encoded proteins Lhcb1-3 - a components of the major light-harvesting complex II (LHCII) as well as
proteins forming minor peripheral antennae complexes, namely Lhcb4, Lhcb5, and Lhcb6 remain,
however, unchanged. In conclusion we indicate that Egy2 protease plays a role in maintaining proper
functioning of fotosystem II.
This work was supported by the Polish National Science Center based on decision number DEC2014/15/B/NZ3/00412.
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Guard cells are the only cells in the epidermis containing chloroplasts. However, we do not know why
these chloroplasts exist in guard cells or how they develop. Recently, we found that lipid synthesis in
guard cells is distinct from that in mesophyll cells, and that lipid transfer from endoplasmic reticulum
to chloroplast is essential for functional chloroplasts in guard cells (Negi et al., ICAR 2018). These
unique features of guard cell chloroplasts suggest that the guard cells have developed organ-specific
mechanisms for its chloroplasts biogenesis. To investigate molecular mechanisms that regulate the
formation of guard cell chloroplasts, we isolated four mutants (achlorophyllous stomata; achs1achs4), which have reduced chlorophyll fluorescence in guard cells, from an M2 population of
approximately 5,000 ethyl methanesulfonate-mutagenized Arabidopsis plants, using fluorescence
microscopy. These mutants exhibited normal chlorophyll fluorescence in mesophyll cells. Further
analysis of these mutants could be useful to identify unknown components required for the
biogenesis of guard cell chloroplasts.
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Stomatal guard cells develop unique chloroplasts in land plant species. However, the developmental
mechanisms and function of chloroplasts in guard cells remain unclear. In higher plants, chloroplast
membrane lipids are synthesized via two pathways: the prokaryotic and the eukaryotic pathways.
Here we report the central contribution of endoplastic reticulum (ER)-derived chloroplast lipids,
which are synthesized through the eukaryotic lipid metabolic pathway in the development of
functional guard cell chloroplasts. We gained insight into this pathway by isolating and examining an
Arabidopsis mutant, gles1 (green less stomata 1), which has achlorophyllous stomata and impaired
stomatal responses to CO2 and light. The GLES1 gene encodes a small glycine-rich protein, a putative
regulatory component of the trigalactosyldiacylglycerol protein complex that mediates the ER-tochloroplast lipid transport via the eukaryotic pathway. Lipidomic analysis reveals that in wild type,
the prokaryotic pathway is dysfunctional specifically in guard cells, whereas in gles1 guard cells, the
eukaryotic pathway is also abrogated. CO2-induced stomatal closing and activation of guard cell Stype anion channels that drive stomatal movements are disrupted in gles1 guard cells. In conclusion,
the eukaryotic lipid pathway is essential for guard-cell chloroplasts to develop CO2 and light signal
sensing machinery.
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UV RESISTANT LOCUS 8 (UVR8) and CRYPTOCHROME 1 and 2 (CRY 1, CRY 2) are plant photoreceptors
normally assumed to mediate perception of wavelengths in the UV-B (280-315 nm) and UV-A/blue
(315-500 nm) regions of the solar spectrum, respectively. These photoreceptors play key roles in
regulating photomorphogenesis and plant acclimation. However, information on the molecular
mechanisms regulated by UVR8 and CRYs in sunlight/simulated sunlight is scant. In an experiment,
performed in solar-simulation chamber, we studied the roles of UVR8 and CRYs on the regulation of
transcript abundance and secondary metabolites in Arabidopsis thaliana leaves after exposure to UVB, UV-A and blue radiation of different lengths: short-term (6 h) and long-term (21 d). We used four
genotypes: wild-type Landsberg erecta (Ler), uvr8-2 (UV-B photoreceptor mutant), cry1cry2 (double
CRY mutant), and uvr8-2cry1cry2.
Quantitative real-time PCR was used to analyze transcript abundance of UV-B marker genes such as
CHALCONE SYNTHASE (CHS), REPRESSOR OF UV-B PHOTOMORPHOGENESIS 2 (RUP2) and a light
signaling gene, EARLY LIGHT INDUCED PROTEIN 2 (ELIP2). We found that the changes in transcript
accumulation in response to UV were larger at 6 h than at 21 d. Our data showed a UVR8-dependent
increase in transcript level of these genes in response to UV-B and UV-A whereas CRYs-dependent
increase in response to blue waveband. Noteworthy, we observed a UVR8-dependent enhancement
in transcript level of the above-mentioned genes in cry1cry2 when compared to Ler, in response to
UV-B and UV-A. In an ongoing metabolite analysis, we have identified four phenolic acid derivatives
and four flavonoids, all kaempferol derivatives. Phenolic acids concentration was slightly higher in
response to UV-B at 6 h than at 21 d. In contrast, kaempferol derivatives concentration were
significantly enhanced in response to UV-B from 6 h to 21 d in a UVR8-dependent manner.
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FUNCTIONALISATION IN PLANTS
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Mitochondria are crucial for plant viability and communicate information on their functional status to
the cellular nucleus via retrograde signalling, thereby affecting gene expression. Retrograde signalling
can occur in response to acute stresses, but also defects in mitochondrial biogenesis. Although
mitochondrial retrograde signalling occurs in a wide range of eukaryotic taxa such as yeast, animals
and plant, the different taxa appear to have evolved their own specific signalling pathways and target
genes. Using next generation sequencing technologies, we have identified a set of novel proteins
with an uncharacterised conserved domain, which respond to mitochondrial dysfunction.
Surprisingly, phylogenetic analysis revealed that these proteins represent a unique example of de
novo mitochondrial functionalisation, and have only been incorporated into the retrograde signalling
pathway relatively recently. This shows that new stress response strategies are still being created in
very recent plant evolutionary history. The very rapid expansion of paralogs of this novel protein
group suggests that significant evolutionary pressure exists to create unique variants with similar
basic structures.

Yes

378
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Aquaporins are small membrane-integral proteins facilitating the passage of water and certain small
molecules through the lipid bilayer. They are classified into four main groups depending on their
membrane localisation and our focus was on plasma membrane intrinsic proteins (PIP) of the PIP2
subgroup. PIP2s are known to associate with each other to form tetramers at the membrane, but
they also interact with PIP1 aquaporins and furthermore provide targeting signals for the proper
trafficking of PIP1s. Our aim was to characterize the role of selected PIP2s and their interaction in the
regulation of whole-plant water relations, photosynthesis and the conductance of CO2 through the
leaf.
We used T-DNA knockout mutants lacking one or more aquaporin, which we expected to result in
altered water relations due to a resultant increase in the resistance to water flow across cell
membranes. This should lead to plants aiming to maintain a positive water balance by lowering
stomatal conductance, which in turn could restrict photosynthesis. However, the interaction of
aquaporins also affects their permeability and substrate specificity. Consequently, multiple knockout
mutants may behave very differently from their respective single mutants. To test whether this was
the case, we compared single, double and triple knockout mutants with the wild type plants of
Arabidopsis thaliana under standard greenhouse conditions and measured leaf-level gas exchange in
4-week-old plants.
Contrary to our expectations, the absence of functional PIPs generally resulted in higher stomatal
conductance and increased rates of photosynthesis. Nevertheless, as we expected, plants lacking
only PIP2;5 differed markedly from the double and triple mutants also deficient in other PIP2s as
well.
In conclusion, PIP2;5 appears to not only facilitate CO2 diffusion through the leaf, but also plays a role
in aquaporin interaction by regulating tetramer composition and/or PIP targeting to the plasma
membrane.
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[P248] ROLES OF CHLOROPLASTIC HYDROGEN PEROXIDE METABOLISM FOR HIGH LIGHT STRESS
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Under illumination, reactive oxygen species, such as H2O2, are unavoidably produced from
photosynthetic electron transport (PET) chain. Since H2O2acts as both cytotoxic and signaling
molecule, chloroplastic ascorbate peroxidases (stromal sAPX and thylakoid membrane-bound tAPX)
had been considered to play a key role for the regulation of H2O2 functions. However, we have failed
to find any visible symptom in Arabidopsis sapx tapx double mutants even under high light stress,
suggesting that alternative systems could compensate for the lack of APXs. We herein focused on
proton gradient regulation 5 (PGR5) protein, which is a key component of cyclic electron flow (CEF)
around PSI. To investigate a functional relationship between APXs and PGR5, a triple sapx tapx pgr5
mutant was generated and analyzed. Consistent with previous reports, pgr5 mutant failed to induce
non-photochemical quenching (NPQ) and showed light stress-sensitive phenotype, while sapx tapx
double mutant behaved like wild type. However, sapx tapx pgr5 triple mutant had more prominent
photo-bleaching phenotype compared to parent lines under high light. These findings indicate that
chloroplast APXs play an important role for photo-protection when PET chain is over-reduced (i.e.,
pgr5 background). Very interestingly, the impairment of NPQ induction in pgr5 was alleviated in the
sapx tapx background due to the activation of xanthophyll cycle. Furthermore, this xanthophyll cycle
activation was found to be dependent on the NDH-dependent CEF. RNA-seq analysis suggested that
impacts of the pgr5 mutation on transcriptome were more pronounced by additional sapx tapx
mutations, and that ROS metabolism-related genes were specifically up-regulated in the triple
mutant under high light. Based on these results, we will discuss the roles of H2O2 produced in
chloroplasts for high light stress response.
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[P249] LONG-TERM MONITORING OF THE PHOTOSYNTHETIC PERFORMANCE OF THE TRANSGENIC
LINES WITH MODIFIED CHLOROPAST THIOREDOXIN NETWORK
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Thioredoxins (TRXs) are ubiquitous protein oxidoreductases that regulate biochemical reactions in
cells. Plants have highly versatile thioredoxin systems. Of two plastid thioredoxin systems the
ferredoxin-dependent system relays reducing equivalents from photosystem I (PSI) via ferredoxin
and ferredoxin-thioredoxin reductase (FTR) to chloroplast proteins, while NADPH-dependent
thioredoxin reductase (NTRC) forms a complete thioredoxin system including both reductase (NTR)
and thioredoxin (TRX) domains in a single polypeptide. The ferredoxin-TRX system has been regarded
as a primary system for activation of photosynthetic enzymes. Contrary to this previous dogma
recent results shown that the two chloroplast TRX systems also form an interconnected functional
redox network that dynamically responds to changing light conditions and thus improve plant fitness.
AIM AND METHODS: To study the importance of the NTRC system in Arabidopsis thaliana and the
possibility of crosstalk between the NTRC system and the Fd-TRX system in the chloroplast, different
transgenic lines have been constructed including overexpression of wild type and mutated NTRC as
well as a chimeric NTRC, in which TRX domain of NTRC was replaced by TRXf1 (a thioredoxin of the
Fd-TRX system). The growth and pohotosynthetic performance of these lines were analyzed using
the National Plant Phenotypng Infraestructure in Helsinki (NaPPI).
RESULTS AND CONCLUSION: Our results suggest that NTRC controls photosynthetic activity in young
developing leaves and under dark/light transitions, shaded conditions and under fluctuating light,
while Fd-TRX systems regulates light and carbon fixation reactions under higher light intensities. A
partial restoration of the wt phenotype could be observed when the ntrc KO mutant was
complemented either with a chimeric protein NTRC-TRXf1 or a NTRC protein with an inactive TRX
domain, suggesting that an effective crosstalk can take place in vivo between the NTRC system and
the Fd-TRX system in the chloroplast.
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[P250] EFFECTS OF TOTAL PRESSURE AND PARTIAL PRESSURE OF CO₂ AND O₂ ON PHOTOSYNTHESIS
AND DARK RESPIRATION
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Pressure is generally an uncontrolled environmental factor during plant cultivation. Especially the
elevated ambient pressure environment of gas phase does not exist on the earth, so its effect on
plants has not been investigated. Since the pressure is not limited to 1 atmosphere in a closed space
such as in a spacecraft, there is a possibility of using an elevated ambient pressure environment for
food production. In an elevated ambient pressure environment, partial pressures etc. change, so it
may affect plant growth.
In this study, the effects of environmental stresses on photosynthesis and dark respiration were
investigated under elevated ambient pressure condition. In particular, the effects of total pressure
and partial pressures of CO2 and O2 on CO2 exchange rate of aseptic medium-cultured plants,
Arabidopsis thaliana, were discussed.
Experimental apparatus comprised a non-dispersive infrared gas analyzer, a gas mixer, a high
pressure plant growth chamber, etc. By appropriately controlling the pressure inside the
experimental apparatus, it is possible to measure the exchange rate of CO2 under elevated ambient
pressure condition. The mixing ratio of gas and total pressure were changed under the condition of
constant temperature.
Results showed that the net photosynthesis increased and the dark respiration decreased under
elevated ambient pressure. However, increase of total pressure itself proved to inhibit
photosynthesis and respiration because the rate of photosynthesis and dark respiration decreased
when the CO2 partial pressure was kept constant with the increased total pressure. In addition,
stomatal conductance could not be predicted by only diffusion coefficient. These results suggested
that the stomata were opened under elevated ambient pressure.
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[P251] MITORIBOSOME PROFILING REVEALS A LINK BETWEEN ALTERNATIONS IN RIBOSOME
BIOGENESIS AND A LOSS OF TRANSLATION SELECTIVITY
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We have previously shown that altered population of mitochondrial ribosomes in rps10 Arabidopsis
mutant affects translation in comparison to the wild-type plants The mitochondrial transcripts
encoding oxidative phosphorylation system proteins (OXPHOS) are less actively translated, whereas
transcripts of ribosomal proteins are preferentially synthesized in the rps10 mitochondria. To study
this differential translation we have set up for the first time on plant material the ribosomal profiling
approach on isolated mitochondrial fractions. This technique relies on mapping the positions of
ribosomes on transcripts through generating ribosome-protected fragments – footprints, which are
deep-sequenced.
Mitoribosomal profiling confirmed the differential translation of OXPHOS and ribosomal proteins in
rps10 mitochondria. For almost all ribosomal transcripts translation efficiency was higher in rps10
than in wild-type. Similar results were obtained for the maturase, transport membrane protein and
few putatively translated ORFs. In contrast, the translation efficiency of OXPHOS proteins (apart
from a few exceptions) is lower or comparable in the mutant relative to the wild-type. In turn, for
cytochrome c biogenesis proteins, the rate of translation in rps10 was comparable with wild-type.
Furthermore, mitoribosomal profiling reveals that that a significant part of footprints in rps10, but
not in wild type was mapped to non-coding regions of transcripts. They could represent not only
translating ribosomes but also nonribosomal RNA-binding proteins. The aim of ongoing analysis is to
find out the meaning of these observations in the context of the differential translation in rps10.
This work was supported by Grant 2014/15/B/NZ2/01065 from the National Science Centre, Poland
for HJ. MKO was supported by scholarship from the Polish Minister of Science and Higher Education.
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IN ARABIDOPSIS
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Succinate dehydrogenase (Complex II; SDH) plays an important role in mitochondrial respiratory
metabolism. The SDH complex consists of four core subunits that contain multiple cofactors which
need to be assembled correctly to ensure enzyme function. To date only an assembly factor
(SDHAF2) required for flavin adenine dinucleotide (FAD) insertion into subunit SDH1 has been
identified in plants. We herein report the identification of a second SDH assembly factor by analyzing
the effect of a T-DNA insertion in the Arabidopsis gene At5g67490. Knockout of At5g67490 (sdhaf4)
did not show any phenotypic variations in Arabidopsis seedlings but resulted in decreased SDH
activity and succinate-dependent respiration rate as well as an accumulation of succinate. Mass
spectrometry analyses showed a stable abundance of FAD-SDH1 in sdhaf4, together with an
accumulation of the FAD-SDH1 assembly factor, SDHAF2, but a decreased abundance of SDH2
compared to WT. The loss of SDHAF4 in sdhaf4 inhibited the formation of the SDH1/SDH2
intermediate, leading to an accumulation of soluble SDH1 in the mitochondrial matrix and the
lowering of SDH1 abundance in membrane. The increased abundance of SDHAF2 may indicate that
stabilization of soluble FAD-SDH1 depends on SDHAF2 availability. It is concluded that SDHAF4 acts
on FAD-SDH1 and promotes its assembly to SDH2, thereby stabilizing SDH2 and enabling full
assembly with SDH3/SDH4 to form the SDH complex.
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[P253] PHOTOSYNTHETIC COMPLEXES IN ARABIDOPSIS CHLOROPHYLL B-LESS MUTANTS
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The degree of thylakoid membrane stacking and lateral segregation of photosynthetic complexes is
dynamic and depends on environmental conditions. Thus land plants including Arabidopsis have
evolved a variety of adaptations that optimize the excitation of their photosystems and protect
them from damage. From the earlier knowledge of chloroplasts and newly conducted experiments
on Arabidopsis mutant lines such as ch1 mutants, we know now that the thylakoid membrane turned
out to be a highly flexible system that responds quickly to environmental changes. Arabidopsis
chlorophyll b-less mutants seem to be an appropriate choice to study the modifications that occur in
the thylakoid membranes. In comparison with a corresponding background line (ecotype), we will try
to characterize and detect changes in the arrangement of CP complexes in Arabidopsis ch1 mutants
and give information about this unique plant strategy.
For this project, we used mature 8-10 week old leaves and thylakoid fractions isolated from
Arabidopsis thaliana plants (ecotype Col1 and corresponding ch1 mutants). The measurement of
functional parameters for PSII and PSI using a DualPAM fluorometer was performed to describe the
functional characteristics of plant leaves. Measurement of low temperature (77K) fluorescence from
isolated thylakoids was carried out to investigate and characterize the specifics of photosynthetic
complexes. Furthermore, a detailed characterization of the composition of the photosynthetic
apparatus (Native-PAGE) and analysis of PSI and PSII protein levels using immunodetection was
conducted.
Obtained results gave information about the amount, arrangement and distribution of the
photosynthetic complexes in the thylakoid membranes of selected plants, their detailed
construction, and functionality.
Presented work was financed by PRELUDIUM grant no 2017/25/N/NZ3/00837 from National Science
Centre, Poland.
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[P254] STIFF OR ELASTIC - WHAT IS THE WINNING STRATEGY - PLASTOGLOBULES OF SEVERAL LIPID
MUTANTS OF ARABIDOPSIS
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Plastoglobules (PGLs) are lipoprotein structures – suborganellar compartment of the chloroplast.
Very closely related to thylakoids membranes (inner membrane of chloroplasts) in most cases in
physical touch with them. Their numbers have been shown to increase during the upregulation of
plastid lipid metabolism in response to oxidative stress and during senescence. It has been observed
that the size and number of these small structures are regulated in correlation with the fitness of the
thylakoid membranes. Therefore, appears to be essential to characterize their lipid composition in
correlation to their topography and physical properties.
We have chosen for this study Arabidopsis thaliana mutants of three groups: chilling sensitive ones
(cs, chs5 and chs6), with a different arrangement of main membrane lipids (mgd1, dgd1) and with
different saturation levels of lipids’ acyl chains (fad3, fad5, fad7-1-8) with appropriate backgrounds
of Columbia (Col0 and Col1). We used AFM and TEM measurements as well as HPLC/MS
chromatography for polar lipid composition of PGLs and thylakoids, and FTIR spectroscopy for
possible lipid-protein interactions within the membranes. PGLs, as imaged with AFM, are spherical,
soft structures. The elasticity of all tested PGLs measured by Young’s modulus (E), was close to 1
MPa. This value is in the range of fibroblasts as well as structures like gelatine and significantly lowers
than the elasticity of collagen. The specific E, however, differs between A. thaliana mutants.
Interestingly, we observe using TEM a broad distribution of PGLs in terms of size between all
analyzed plants with diameters ranging from 20 nm to approximately 700 nm. We tried to correlate
size distribution and physical properties of PGLs with their polar lipid composition.
Presented work was financed by SONATA grant no 2013/09/D/NZ3/02399 from National Science
Centre, Poland (KG).
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RabGTPase is a member of the Ras superfamily of small GTPases, which share a GTP-binding pocket
containing highly conserved motifs that promote GTP hydrolysis. In Arabidopsis, the RabA group,
which corresponds to the Rab11 group in animals, functions in the recycling of endosomes that
control docking and fusion during vesicle transport. However, their molecular mechanisms remain
unknown. In this study, we determined the crystal structures of the GDP-bound inactive form and
both GppNHp- and GTP-bound active forms of RabA1a at resolutions of 2.8, 2.6, and 2.6 Å,
respectively. A bound sulfate ion in the active site of the GDP-bound structure stabilized Switch II by
bridging the interaction between a magnesium ion and Arg74. Comparisons of the two states of
RabA1a with Rab11 proteins revealed clear differences in the Switch I and Switch II loops. Also, we
presented distinct localization of wild-type RabA1a and its mutants; RabA1aS27N, RabA1aQ72L, and
RabA1Q72K. Unexpectedly, we found that a new type of mutant GFP-RabA1aQ72K was located
predominantly in the cytoplasm, which was generated through the structural study of RabA1a.
Altogether, these results suggested that conformational change of RabA1a Switch regions derived by
GTP or GDP binding could maintain its proportional localization for regulating subcellular membrane
traffic.
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[P256] GUN1-FTSH INTERACTION: NOVEL INSIGHTS ON CHLOROPLAST BIOGENESIS
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The GENOMES UNCOUPLED 1 (GUN1) gene has been reported to encode a chloroplast-localized
pentatricopeptide-repeat protein, which acts to integrate multiple indicators of plastid
developmental stage and altered plastid function, as part of chloroplast-to-nucleus retrograde
communication. However, the molecular mechanisms underlying signal integration by GUN1 have
remained elusive, up until the recent identification of a set of GUN1-interacting proteins, by coimmunoprecipitation and mass-spectrometric analyses, as well as protein–protein interaction assays.
In the list of these putative interactors of GUN1 there are the thylakoidal proteases FtsH1, FtsH2,
FtsH5 and FtsH8: the FtsHs are a family of ATP-dependent metalloproteases which play a
fundamental role in the maintenance of the chloroplast protein homeostasis, more in particular
FtsH2 and FtsH5 have a really important genetic interaction with GUN1 during the chloroplast
biogenesis process in cotyledons.
In this context, GUN1 may act as a platform to promote specific functions by bringing the interacting
enzymes into close proximity with their substrates, or may inhibit processes by sequestering
particular pools of specific interactors. It is clear from our data, that the activity of this protein affects
the accumulation of the mature FtsHs and other plastid proteins (as the plastidial chaperone CPN60),
possibly as a consequence of the reduced accumulation of the TIC-TOC complexes, thus altering
chloroplast biogenesis in cotyledons.
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Pentatricopeptide repeat (PPR) proteins are present in all eukaryotes and comprise one of the largest
protein families in plants. They are composed of 2 to 30 PPR motifs that form a platform to interact
with RNA in a modular fashion that can be described via a simple code. The PPR family has been
divided into two different subfamilies, P and PLS, based on the architecture of these proteins. In land
plants, hundreds to thousands of these proteins play a major role in gene expression in chloroplasts
and mitochondria. The P subfamily is mainly involved in RNA stability and RNA splicing, while the PLS
proteins often contain a cytidine deaminase-like domain at the C-terminus and are mainly involved in
RNA editing.
We have developed a new bioinformatics pipeline to more accurately identify and annotate PPR
proteins in genome and transcriptome data. This has allowed us to construct a database of over
600,000 partial and full-length PPR sequences from hundreds of genome and transcriptome datasets
with which we can carry out comparative analyses. We are using this new information to study the
diversity of these proteins and their targets throughout land plant evolution.
The evolutionary expansions of the P and PLS subfamilies differ considerably, with the P subfamily
showing stepwise increases whilst the PLS subfamily shows spectacular rapid expansions in some
early-branching clades correlating with increases in RNA editing. We identified specific classes of PLS
proteins restricted to particular clades (such as lycophytes) and three variants of editing-associated
DYW domains in non-seed land plants, including one that correlates specifically with U-to-C editing.
Coupled with the prediction of binding sites, this work is a step towards understanding the mode of
action of PLS proteins and the importance of the chemical properties of each position in the editingassociated domains.
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Plants are sessile organisms and cannot escape their life environment. Unsurprisingly, plants have developed
mechanisms that allow them to precisely monitor their environment and anticipate and adapt to potentially
stressful conditions, such as exposure to the UV-B part of the solar spectrum. In the model plant Arabidopsis
thaliana, UV-B is sensed by the UV RESISTANCE LOCUS 8 (UVR8) photoreceptor which initiates upon UV-B
perception a signaling cascade resulting in UV-B stress acclimation and specific adaptation of plant growth and
development. The UVR8 core signaling pathway is composed of UVR8, a beta-propeller protein that switches
from a dimeric state to a monomeric form upon UV-B exposure, CONSTITUTIVELY PHOTOMORPHOGENIC 1
(COP1), an E3 ubiquitin ligase targeting positive regulators of light responses for degradation and REPRESSOR
OF UV-B PHOTOMORPHOGENESIS 1 (RUP1) and RUP2, two WD40 proteins that interact with and mediate
redimerization of UVR8 and thus constitute a negative feedback loop to prevent excessive UVR8 signaling.
However, several steps are not understood in mechanistic detail and it is possible that additional factors are
contributing to the signaling pathway. We designed a forward genetic screen based on hypocotyl elongation to
uncover potential novel regulators of the UVR8 pathway. We report the identification of uvr8-17D, a novel gain
of function uvr8 allele which shows an exaggerated photomorphogenic response to UV-B. Overexpression of
this UVR8 variant results in an extreme UV-B-dependent photomorphogenic phenotype. The uvr8-17D protein
has an altered dimer/monomer status and its molecular characteristics and activity in the frame of the
described signaling pathway will be investigated. This allele can be used as a tool to shed new light on the
regulation of the UVR8 pathway at the photoreceptor level.
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Yes[P259] THE HD-ZIP CLASS I TRANSCRIPTION FACTOR JUB2 MODULATES GROWTH AND
DEVELOPMENT BY REGULATING JUNGBRUNNEN1 IN ARABIDOPSIS
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An Arabidopsis NAC transcription factor (TF), JUB1 (At2g43000) has been previously characterized as
a central regulator of longevity and the interplay between growth and stress responses. Employing
yeast-one-hybrid (Y1H) assay and transcript analysis of transgenic lines, we identified an HD-Zip class
I TF as potential upstream regulators of JUB1, and we renamed it as JUB2. The goal of this project is
to characterize biological functions of JUB2 and unravel its gene regulatory networks. Overexpression
of JUB2 resulted in GA (Gibberellin)-deficient phenotypes such as compact rosette, shorter stem,
impaired filament elongation, less siliques and delayed senescence, similar to JUB1 overexpressors.
Furthermore, JUB1 mutation largely rescued growth and developmental defects of JUB2
overexpressor, indicating the phenotypes of JUB2OX were due to regulation of JUB1. Additionally,
overexpression of JUB2 or JUB1 significantly increased drought tolerance, while the double mutant
lines overexpressing JUB2 in jub1 knockdown mutant did not perform better than wild type upon
drought stress, which implies JUB2-JUB1 regulation is also involved in drought response. In an
attempt to identify JUB2 target genes through gene expression profiling by RNA-seq, we found
GA2OXs as other candidate targets positively regulated by JUB2. GA2OXs are GA 2-oxidase catalyzing
bioactive GAs to inactive isoforms. GAs measurement results showed that more bio-inactive GAs and
less bioactive GAs were accumulated in JUB2OX plants compared with wild type. Taken together,
JUB2 might inhibit GA biosynthesis and signaling pathway via regulation of JUB1 and GA2OXs,
respectively.
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Auxin is an essential plant hormone involved in nearly every aspect of a plant’s life, from embryo
development to fruit ripening and abscission. The main pool of auxin, indole-3-acetic acid (IAA), is
synthesized from the amino acid tryptophan via the IPyA pathway, a simple two-step route catalyzed
by aminotransferases TAA1/TARs and flavin-containing monooxygenases YUCs. The TAA1/TARs and
YUCs gene families have been shown to exhibit very specific and dynamic spatiotemporal expression
patterns, disproving former views supporting the idea that IAA is primarily produced in shoot
meristems and is then distributed to the rest of the plant via phloem and polar auxin transport
establishing the auxin gradients.
To define the role of local auxin biosynthesis and its contribution in the regulation of plant growth
and development in Arabidopsis, we utilized an array of experimental approaches, including
pharmacological treatments with chemical inhibitors of auxin biosynthesis and transport, a set of
auxin transport and production mutants, ectopic expression of auxin biosynthetic genes under the
control of tissue-specific promoters, inducible Cre-Lox systems, recombineering-based whole-gene
fusions with protein reporters, and grafting.
Our results indicate that local auxin biosynthesis and auxin transport act redundantly in the
establishment and maintenance of robust morphogenic auxin gradients essential for proper root
meristem activity, vasculature formation and flower development.
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To understand the role of auxin in the growth response to drought, we studied Arabidopsis thaliana
seedlings grown in vitro. 25 mM mannitol reduced mature leaf size by 25%, whereas 0.1 µM NAA
increased it by 37%. In the presence of mannitol, NAA reduced leaf size by 30%, suggesting that NAA
increased sensitivity to osmotic stress. Kinematic analysis revealed that mannitol inhibited both cell
division and cell expansion. NAA augmented the effect of mannitol on cell division, but prolonged cell
expansion. DR5::GUS analysis demonstrated that both NAA and mannitol enhanced the
transcriptional response to auxin. Remarkably, the levels of free IAA were not affected by NAA or
mannitol, whereas both treatments reduced the levels of conjugated IAA. Transcriptome analysis
provided the reason for the discrepancy between stable IAA levels and increased response: both
treatments stimulate the expression of the TIR1 receptor and downstream ARFs, while
downregulating Aux/IAA genes that suppress the auxin response by blocking the ARFs. Consistently,
the auxin response mutants (aux1, axr4-1, arf19-1 and tir1-1) were insensitive to NAA in presence of
mannitol.
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Strigolactones (SLs) are the recently identified plant hormones perceived by an α/β hydrolase
DWARF 14 (D14) that controls different aspects of plant development. A close homologue of D14,
KARRIKIN INSENSTIVE2 (KAI2) involved in perception of uncharacterized Karrikin/Karrikin-like
signalling (KL) molecules. Recent studies identified SUPPRESSOR OF MAX2 1(SMAX1) and SMXL7 in
Arabidopsis (D53 in rice), are potential proteasome targets of KAI2 and D14 respectively. Degradation
of these repressor proteins are mediated by SCF (Skp, Cullin, and F-box protein MAX2) complex. Role
of these repressors in plant development have been reported but very little sequence features are
known about them. In the present study, an extensive data mining of SMXL, their phylogenetic
classification across the plant lineage and potential functional motifs were identified. Our
phylogenetic classification, showed that functional divergence of SMXL members into four distinct
clades/classes with an ancient SMAX1 clade. Class specific motifs were also identified which have
evolved and conserved across the plant lineages important for the MAX2-dependent and
independent degradation pathway. These class specific motifs are further under investigation to get
insight into their functional relevance.

Yes

394

[P263] AUXIN PROMOTES HISTONE EXCHANGE DURING ROOT DEVELOPMENT
Stefanie Rosa1, Anis Meschichi1, Markus Grebe2
1
Swedish University of Agricultural Sciences, Department of Plant Biology, Uppsala, Sweden
2
Institute of Biochemistry and Biology, University of Potsdam, Potsdam-Golm, Germany
Unlike animals, plants show indeterminate growth, requiring continuous production of new cells
from actively dividing meristems. For meristem maintenance, a tight control of cell division and
differentiation is required. While much progress has been made on the genetic network controlling
this balance little is known about the intrinsic properties of meristematic cells. Our previous work has
highlighted that changes in global histone mobility are involved in the maintenance of a balance
between cell division and cell differentiation in the root meristem of Arabidopsis thaliana. The
establishment and maintenance of the root meristem has been shown to result from the balance
between the plant hormones auxin and cytokinin. Here, we used fluorescence recovery after
photobleaching (FRAP) to show that the plant hormone auxin increases histone mobility in
differentiated cells of Arabidopsis roots as judged by core H2B exchange dynamics. By using FRAP
experiments in combination with the transcription elongation inhibitor Actinomycin D, we further
showed that auxin is unable to promote an increase in H2B mobility in the abscence of transcription.
Accordingly, the auxin signalling mutant axr3-1 revealed no changes in histone mobility upon auxin
treatment. Finally, we show that these mobility changes are largely mediated by an overall increase
in histone acetylation after auxin treatment. Our results show that meristematic cells are
characterized by mobile histones and that auxin plays a role on this process by directly affecting
histone acetylation levels.
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[P264] IDENTIFICATION OF NOVEL PLASMODESMATA-ASSOCIATED PROTEINS ALTERING CYTOKININ
RESPONSES IN ARABIDOPSIS
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The plant hormone cytokinin plays essential regulatory roles in many aspects of plant growth and
development. Cellular cytokinin concentrations are controlled by numerous interconnected
metabolic reactions, such as the hormone biosynthesis, metabolic activation and inactivation. The
irreversible cytokinin degradation is mediated by the cytokinin oxidase/dehydrogenase (CKX)
proteins. We have recently identified specific protein-protein interactions between CKX and heavy
metal-associated isoprenylated plant proteins (HIPPs) from Arabidopsis. These plant-unique proteins
are defined by the combination of a heavy metal-binding domain and a C-terminal prenylation site.
The physiological function and molecular activity of HIPP proteins remain largely unknown.
Here we report that three of the identified HIPP proteins, which constitute one distinct phylogenetic
cluster, localize specifically to plasmodesmata. Symplastic transport assays performed in generated
hipp mutant plants suggest a possible link between HIPP proteins and plasmodesmata conductivity
or abundance. It is currently under investigation whether HIPP proteins influence the size exclusion
limit of the plasmodesmata. Phenotypic analysis of the hipp knockouts indicate that the respective
genes might regulate different aspects of plant growth, such as root development and leaf
formation. In agreement, gene promoter-reporter constructs showed highest activity in regions of
active growth such as e.g. the root apical meristem, young leaf primordia or vascular tissues.
Interestingly, TCSn:GFP reporter revealed changes in the cytokinin activity in the hipp mutant tissues,
particularly in the root. We are testing the hypothesis that these changes are related to an altered
cytokinin distribution in the root and that the identified HIPP proteins are relevant for this process.
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[P265] HOW MORPHOGEN HOMEOSTASIS SHAPES LAND PLANTS
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Morphogens are signalling molecules that regulate the development of multicellular organisms,
depending on their local concentration. An important developmental signalling compound in land
plants is auxin, a key regulator of almost all aspects of plant development. Auxin gradients are
established and maintained by a tightly regulated interplay between homeostasis, signalling, and
transport. Auxin can be inactivated by conjugation, but metabolic data suggest that auxin oxidation is
the major auxin degradation pathway. We recently identified the two major auxin oxidising enzymes
in Arabidopsis thaliana: DIOXYGENASE FOR AUXIN OXIDATION 1&2 (AtDAO1&2)1, 2, 3. AtDAO1
encodes a highly root expressed IAA oxidase. Surprisingly, AtDAO1 loss and gain-of-function lines
exhibited relatively subtle auxin related phenotypes such as altered root hair length. The dao1-1
mutant shows a decrease in the oxidation product oxIAA, an increase in conjugated IAA, but only a
small change in auxin concentration. We developed a mathematical model of these metabolic
pathways and used parameter estimation based on metabolite profiling data to reveal that, in
addition to reduced oxidation, both IAA biosynthesis and conjugation are increased in dao1-1. We
found that transcription of AtDAO1 and GH3 are upregulated by auxin, over different time scales,
concentration ranges and with different fold-changes. Including this regulation of AtDAO1 and GH3 in
an extended model revealed that IAA oxidation is more important for auxin homoeostasis at lower
hormone concentrations, while IAA conjugation is most significant at high auxin levels.
1.
2.
3.

Voß U, et al. (2015) Nat Commun 6:7641.
Porco S, et al. (2016) PNAS 113(39):11016-11021.
Mellor N, et al. (2016) PNAS 113(39):11022-11027.
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[P266] FLUENSULFONE AFFECTS AUXIN RESPONSES IN ARABIDOPSIS THALIANA
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Plant parasitic nematode (PPN) species are estimated to cause a 12.3% annual yield reduction of
economically important crops such as maize, rice and potato. The new generation nematicide,
fluensulfone (Nimitz®) displays nematicidal and nematostatic activity towards PPNs and, in
comparison to existing organophosphate- and carbamate-based nematicides, has extremely low nontarget organism toxicity. The mode of action of fluensulfone remains unknown, although it has been
shown to be distinct from known nematicides that act as anticholinesterases and macrocyclic
lactones. Preliminary experiments indicated that the model genetic plant Arabidopsis thaliana
showed low level phytotoxicity to fluensulfone and may provide a route to investigate molecular
determinants of the effect of fluensulfone.
We found that Arabidopsis seedlings grown on fluensulfone under white, red or blue light show a
significant reduction in fresh weight, primary root length and chlorophyll accumulation. Surprisingly,
application of fluensulfone in the absence of light is not phytotoxic and instead induces a deetiolated phenotype with a short hypocotyl, expanded cotyledons, the accumulation of the
chlorophyll precursor protochlorophyllide and an increase in the expression of key genes normally
under photoreceptor control. This de-etiolated phenotype is rescued by co-treatment with natural
and synthetic auxins that result in an almost complete recovery of protochlorophyllide levels and
cotyledon opening. The response to auxin may be partially mediated by changes in ethylene
responses, but application of the phytohormones epi-brassinolide and gibberellin did not rescue the
de-etiolated phenotype. qPCR analysis shows that fluensulfone treatment reduces expression of
auxin-regulated genes and mediates changes in auxin biosynthetic genes. Confocal imaging, using
DR5::VENUS, DII::VENUS and IAA2::GFP reporters, indicates light-grown fluensulfone-treated
seedlings have reduced auxin accumulation in the apical meristem and root tips following auxin
feeding. However, dark-grown fluensulfone-treated seedlings accumulate more auxin in the root tip.
We hypothesize that fluensulfone affects auxin transport and/or signalling to alter Arabidopsis
development.
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Auxin signaling is finalized by activator auxin response factors (aARFs) that are released from
Auxin/Indole-3-Acetic Acid (Aux/IAA) repressors and directly activate auxin-responsive genes.
However, it remains to be answered how repressor ARFs (rARFs) exert their repression function. In
this study, we assessed the molecular and biological functions of two putative co-repressor-binding
motifs (EAR and RLFGI) of ARF2 (a rARF) in Arabidopsis thaliana. In the yeast two-hybrid assay, the
EAR mutation moderately and the RLFGI mutation, or both motifs, almost completely disrupted the
interaction between the co-repressor TOPLESS (TPL) and the repressive motifs-containing middle
domain (MD) of ARF2. The ARF2-MD interacted not only with TPL but also with TPL homologs (TPRs).
Root hair-specific overexpression of rARFs (ARF1-4, 9-11, and 16) considerably inhibited root hair
growth, suggesting that rARFs generally function as repressors in the auxin-responsive root hair
single cell. Individual mutation of the ARF2 EAR or RLFGI motif slightly and both mutations greatly
compromised ARF2-mediated inhibition of root hair growth and auxin-responsive gene expression. In
addition, flowering time and seed size, two representative arf2 mutant phenotypes, were examined
to assess the function of the repressive motifs in mutant-complementation experiments. ARF2mediated inhibition of flowering and seed growth was suppressed considerably by the individual
mutation of EAR or RLFGI and almost completely by both mutations. These results suggest that EAR
and RLFGI work together as major repressive motifs for ARF2 to recruit TPL/TPR co-repressors and to
exhibit its repressive biological functions.
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[P268] RELATION OF STRESS HORMONES AND EARLY STRESS RESPONSES
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We have previously demonstrated that only one third of early changes in gene expression after stress
induction are hormone dependent. This suggests that there are still many unknown regulators which
determine the type of defense strategies a plant adopts. We argue that plant defenses are not
determined by simple cascades of signals but by a combination of signals from several pathways to
form an appropriate response. Our aim is to gain further insights into early defense responses of
oxidative stress and Botrytis cinerea infection in relation to stress hormones. We are focusing on the
three key hormones associated with biotic stress: salicylic acid, ethylene, and jasmonic acid. In our
experiments we use a unique collection of Arabidopsis thaliana signaling mutants. Treating these
mutants with ozone to cause oxidative stress as well as infecting the plants with the necrotrophic
fungi Botrytis cinerea allows us to compare the similarities and differences of these perturbations
and their relation to the stress hormones. Previous gene expression analysis has suggested that
Botrytis infections and oxidative stress share a lot of similarities. Yet our qPCR and phenotyping data
suggests that there are subtle differences which indicates that plants are very capable of telling even
similar stress factors apart.
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[P269] CYTOKININ, STRESS, AND THE ROLE OF CRFS
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Cytokinin is a plant hormone well-known to be connected to plant growth and developmental
processes as well as more recent links to abiotic stress. We have examined the connection between
abiotic stress and cytokinin using parallel transcript expression and cytokinin level measurement
approach in Arabidopsis. Plants treated with oxidative or salt stress had their cytokinin levels
measured by LC/MS revealing changes in different cytokinin forms (active, transported, conjugated)
unique to each stress. In parallel, RNA was extracted from these plant to perform transcriptome
(RNAseq) analyses and determine differentially expressed (DE) genes affected by each stress.
Cytokinin Response Factors or CRFs are a group of transcription factors connected to both cytokinin
and abiotic stress. We examined the role that CRFs play in these processes using CRF mutant lines.
Transcriptome and cytokinin measurements were also performed on these CRF lines, and the data
compared to WT. We found general increases in several cytokinin forms under salt stress conditions
that appear regulated by CRF2 (a Clade I CRF). In contrast we found under oxidative stress conditions
cytokinin levels are reduced and appear regulated by CRF5 and CRF6 (Clade III CRFs). Physiological
examinations of CRF lines under stress conditions confirming these results has also been performed.
Furthermore, CRFs have deeply distinct evolutionary lineages throughout Angiosperms, designated
as CRF Clades I to V. A MEME-based analysis of promoter elements from each CRF Clade has revealed
conserved clade specific cis-elements related to stress responses and other hormones.
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[P270] FUNCTIONAL ANALYSIS SUGGESTS THAT DWARF14-LIKE2 (DLK2) REPRESENTS A DIVERGENT
MEMBER OF THE STRIGOLACTONE-RELATED DWARF14 FAMILY
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Strigolactones (SLs) are carotenoid-derived molecules bearing essential butenolide moieties. SLs
control a wide range of plant developmental processes. Cumulative evidence support the idea that
the DWARF14 (D14) functions as SL receptor and required for the perception of the SL signal. In
Arabidopsis, two paralogs of D14 have been identified, KARRIKIN INSENSITIVE 2 (KAI2) and
DWARF14-LIKE 2 (DLK2). D14 and KAI2 signalling pathways converge in MAX2 and employ similar
apparatus to transduce the signal, the two proteins regulate separate physiological events. KAI2
stereospecifically perceives the non natural (-)5DS SL signal, while D14 shows stereospecificity
towards the natural (+)5DS SL. Very little is known about DWARF14-LIKE 2 (DLK2), the third member
of the DWARF14 protein family, to which no physiological role has been assigned yet.
In vitro data suggests, that DLK2 does not bind nor hydrolyze natural (+)5-deoxystrigol ((+)5DS), and
weakly hydrolyzes non-natural strigolactone (-)5DS. Instead, it might be a receptor or hydrolysis
enzyme for an unknown butenolide ligand. A detailed genetic analysis revealed that DLK2 does not
affect SL responses and can regulate seedling photomorphogenesis. DLK2 is upregulated in the dark
dependent upon KAI2 and PIFs, indicating that DLK2 might function in light signaling pathways.
Although DLK transcriptional regulation is mostly accomplished through MORE AXILLARY GROWTH2
(MAX2), DLK2 is not subject to GR24-induced degradation, suggesting that DLK2 acts independently
of MAX2. We observed an unique spatio-temporal regulation of DLK2 expression in roots and
identified potential protein interaction partners which could help us to uncover the proper function
of DLK2. In conclusion, these data suggest that DLK2 represents a divergent member of the
DWARF14 family. Whether DLK2 should be regarded as a key component in a separate butenolide
signaling pathway, or its function is merely to regulate other SL/butenolide pathways through the
sequestration of the signaling molecules is yet to be answered.

Yes

402
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BRI1, a leucine-rich repeat receptor kinase (LRR-RK), requires a shape-complementary SERK-family
co-receptor for brassinosteroid sensing and receptor activation. Interface mutations that weaken the
interaction between receptor and co-receptor in vitro reduce brassinosteroid signaling responses in
vivo. The SERK3 elongated (elg) allele maps to the complex interface and shows enhanced
brassinosteroid signaling. Surprisingly no tighter binding to the BRI1 ectodomain can be observed in
vitro. Here, we report that rather than promoting the interaction with BRI1, the elg mutation disrupts
the ability of the SERK co-receptor to interact with the ectodomains of BIR receptor pseudokinases,
negative regulators of LRR-RK signaling. A conserved lateral surface patch in BIR LRR domains is
required for interaction with SERK co-receptors and the elg allele maps to the core of the complex
interface in a 1.25 Å BIR3 – SERK1 structure. Collectively, our structural, quantitative biochemical and
genetic analyses suggest that brassinosteroid signaling complex formation is negatively regulated by
BIR receptor ectodomains.
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At early stages of Arabidopsis embryogenesis, the timely accumulation of phytohormone auxin in the
future vasculature causes degradation of the Aux/IAA inhibitor BDL/IAA12. This releases the ARF
transcription factor MP/ARF5, resulting in root meristem initiation via TMO7 expression and
presumably PIN1-dependent directional auxin transport. Loss of MP activity, stabilization of BDL, or
overexpression of AGCVIII protein kinases leads to failure of root meristem initiation and
subsequently seedlings without a primary root.
In a complementary experimental approach to test for the negative regulatory importance of
Aux/IAA proteins, embryonic expression of both an auxin-insensitive MP (MPΔPB1) and a nonrepressive, stabilized BDL (BDLmIIΔDI) also interfered with root meristem initiation. Overexpression
of AGCVIII kinases like PINOID causes a rootless phenotype comparable to that of MPΔPB1 and
BDLmIIΔDI.
We show that loss of the embryonic root caused by both auxin-insensitive MP as well as nonrepressive, stabilized BDL can be suppressed by reducing the dosage of PINOID kinase. As embryonic
expression of PID had been reported to change the polar localization of auxin efflux carrier PIN1 from
basal to apical, we analyzed the subcellular localization of PIN1 in early embryogenesis and found it
unchanged in embryos expressing MPΔPB1, BDLmIIΔDI, and PID. To elucidate the underlying
signaling mechanisms of embryonic root meristem initiation, we currently are testing both
downstream targets of MP in the earliest embryonic stages and are trying to connect these with
phosphorylation targets of the PINOID kinase. Our results support a model in which the auxin
response module MP-BDL represses PID and other AGCVIII kinases, giving rise to proper root
initiation.
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Nitrogen (N) is the major nutrient for planta grain yield, biomass, fundamental growth. However,
uneven distributions of nitrogen sources cause inefficient utilizations in crop field. The basic
functions of nitrate uptake and utilization have been well established in past decades, including how
these nitrate are uptake by nitrate transporters (NRTs) and how plant assimilates nitrate by nitrate
reductases.
Recently, more and more studies indicated that phytohormones “may” regulate nitrate uptakes
which are not only from transcriptomes such as CKs, BRs, but also from genetic evidence, such as
IAAs, ABA. However, there’re not so much solid evidences can tell us that what kinds of hormone can
improve plant nitrate uptakes and how plant faces nitrogen limitations.
In this research, we found out that two master transcription factors, BZR1 and BES1/BZR2 in BR
signaling can bind on many NRT1 nitrate transporters’ promoter from CHIP- sequence data. BR
signaling gain-of-function mutant, bzr1-D, expressed higher NRTs, but it expressed lower levels in BRdeficient mutant, det2-1. The gain-of-function mutant, bes1-D, exhibit tolerant phenotype under low
nitrogen conditions. In otherwise, exogenous treatment of BR can promote anthocyanin
accumulations which is required for ROS scavenging under stress in Wt but not in BR signalingdeficient mutant bri1-301. Those data imply that BR may not only just for cell elongation, cell
proliferation, but also may have some new functions in nitrogen uptakes, utilizations and nitrogendeficient condition. Further studies will test whether BR can direct effect nitrate uptake and what’s
the situation of BR signaling under nitrogen limitation.”
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As RPK1 was first identified as a gene that could be induced not only by ABA but also by other
environmental stresses, the functional analyses of RPK1 protein primarily focused on ABA signaling
itself or ABA-related abiotic stress responses. However, Functional mechanisms of the RPK1 in ABA
signaling have not been thoroughly studied yet, although RPK1 was recently reported to mediate ROS
accumulation by activating AtrbohF in an age-dependent cell death process. Here we demonstrated
that RPK1 acts positively in upstream of the OST1, a critical component in ABA signaling, by showing
that rpk1 mutant is insensitive to ABA-induce stomatal closure and this phenotype is completely
rescued by the overexpression of the OST1. We previously reported that BAK1, an LRR-RLK involved
in various aspects of plant growth and development plays positively and interacts with OST1 in
response to ABA. As RPK1 is also an LRR-RLK with similar in size compared to the BAK1, we
investigated whether the underlying mechanisms of RPK1 could be similar to those of BAK1 in guard
cells. Unlike BAK1, RPK1 does not affect BR signaling in stomatal movement. We demonstrated that
BAK1 and RPK1 reciprocally rescue rpk1 and bak1 mutants, respectively, in ABA-induced stomatal
closure phenotype, indicating that RPK1 is specifically involved in regulating guard cell ABA signaling.
We found that RPK1 also interacts with the OST1, and that, interestingly, interactions between
RPK1/OST1 and BAK1/OST1 complexes are mutually competitive when BAK and RPK1 exist at the
same time. These results imply OST1 employs multiple LRR-RLKs to maintain stomatal closure in
continued ABA signaling.
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The ligand–receptor-mediated intercellular communication system plays important roles in
coordinating developmental and physiological events in multicellular organisms. In plants, CLE
peptides and their cognate receptors are thought to be involved in various aspects of the plant life
cycle. Although the importance of this communication is broadly recognized, most CLE peptides are
yet to be functionally characterized. A major problem in research on small signaling peptideencoding genes is the limited number of loss-of-function mutants available due to their small gene
size. CRISPR/Cas9-mediated gene targeting has the potential to overcome this problem, as it can be
used to generate targeted mutations in essentially any gene, regardless of size. Here, we generated a
series of mutants of CLE-peptide-encoding genes. Newly generated clv3 and cle40 mutants
reproduced the expected mutant phenotypes in the shoot apical meristem and root meristem,
respectively. Our results show that CRISPR/Cas9-mediated gene targeting is a powerful tool for
genetic analyses, even of small genes. We also report a novel mutant for CLE44 (which is thought to
encode a TDIF) and show that CLE44 contributes to vascular development. The bioresources
presented here will be a powerful tool for further characterization of CLE peptides.
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During early development, auxin controls cell division and differentiation through ARFs (auxin
response factors) and its repressors Aux/IAAs. In this project, we want to characterize one of the
most abundant Aux/IAAs found in Arabidopsis embryos, namely IAA8. Using reporter lines and in situ
hybridization, we showed that IAA8 is expressed broadly in the embryo. To assess its function we are
using a transactivated gain-of-function system. Ubiquitous overexpression leads to abnormal apical
divisions resulting in nonviable seeds. Tissue-specific overexpression suggests that IAA8 acts mainly
in apical cells since overexpression in suspensor cells does not seem to compromise the embryo
development. Preliminary results with cell identity markers indicate that IAA8 might be involved in
the establishment of apical/basal cell fate. Regarding interaction partners, dual-luciferase
experiments in protoplasts point out ARF5 as a potential interactor partner. Further validation
through phenotype rescue experiments is being conducted. Since IAA8 is found abundantly during
early embryogenesis, its characterization will help us understand more deeply how the embryo
pattern is formed.
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Recent climate changes together with frequent drought events are major limiting factors for crop
production worldwide. The hormone Abscisic acid (ABA) is a secondary messenger for plant response
to environmental stresses. Soluble PYR/PYL/RCAR receptors and type 2C phosphatases (PP2Cs)
function at the apex of ABA signalling pathway. Upon ABA binding, the receptor undergoes a
conformational change which increases its affinity to PP2C. This interaction leads to inhibition of
phosphatase activity, thereby activating downstream signalling events. The ABA pathway has been
comprehensively studied in Arabidopsis and was found to be a highly redundant flexible network of
ABA perception.
To understand the differences in ABA perception between monocots and eudicots, a study of the
molecular mechanisms of ABA pathway in the monocot cereal model plant Brachypodium
distachyon, was done. Analysis of B. distachyon genome revealed 10 ABA receptors, which like
Arabidopsis receptors, are clustered into three distinct sub-families. Unlike the expression profile
observed in Arabidopsis, only a small subset of receptors is highly expressed in B. distachyon, at
steady state. Furthermore, loss of function T-DNA mutant, defective in one ABA receptor,
demonstrated significant ABA hyposensitivity when compared to the wild-type. The hyposensitivity
manifested in reduced growth inhibition when exposed to exogenous ABA. Additionally, ABA induced
stomatal closure was lower in the loss of function mutant than the wild-type, as evident by canopy
temperature.
Our findings suggest that monocot utilize a small subset of receptors, and employ a different
approach than eudicots in activation of the ABA pathway.
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The phytohormone strigolactone has a major role in controlling branching in Arabidopsis thaliana by
influencing polar auxin transport. In addition to the shoot branching, strigolactones regulate several
other functions in plants; e.g. senescence, drought, salinity, photomorphogenesis and light stress.
MAX (MORE AXILLARY GROWTH) genes are involved both in strigolactone synthesis (MAX1, MAX3
and MAX4) and sensing (MAX2). The protein D14 (DWARF14) is the putative receptor of
strigolactone; in the current hypothesis strigolactone is hydrolyzed by D14 which results in a
conformational change in D14. This facilitates D14 to interact with SCFMAX2 to trigger ubiquitination
and degradation of downstream signaling components.
MAX2 contributes to plant resistance against pathogenic bacteria: max2 mutant plants showed
increased susceptibility to the bacterial necrotroph Pectobacterium carotovorum as well as to the
hemibiotroph Pseudomonas syringae but not to the fungal necrotroph Botrytis cinerea. Moreover,
max2 plants exhibit increased expression of genes triggered by oxidative stress in response to ozone
and P. syringae. MAX2 was also shown to be required for pathogen-triggered stomatal closure since
in max2 plants stomatal aperture was constitutively more open and the stomatal closure was
impaired in response to P. syringae. The increased susceptibility to P. syringae and P. carotovorum
was concluded to be due to increased stomatal conductance in max2 mutants promoting pathogen
entry into the plant apoplast and decreased tolerance to pathogen-triggered apoplastic ROS and
alterations in hormonal signaling.
In order to examine further the potential role of strigolactone in pathogen sensitivity, we analysed
bacteria in planta after P. syringae infection. Both the strigolactone synthesis mutant lines and D14
were clearly more sensitive to infection than Col-0. However, since these mutant lines had wildtype-like stomatal conductance, the sensitivity to pathogens cannot be explained only with stomatal
properties but further research is needed.

Yes

410

[P279] UNCOVERING THE ROLE OF CYCLIC NUCLEOTIDE GATED ION CHANNEL 2 IN RESPONSES
BEYOND PLANT DEFENSE SIGNALLING
Sonhita Chakraborty1, Masatsugu Toyota2, Wolfgang Moeder1, Simon Gilroy3, Keiko Yoshioka1
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Cyclic Nucleotide Gated Ion Channels (CNGCs) are non-selective cation channels that have been
implicated in regulating responses to both biotic and abiotic stresses in plants. CNGC2 specifically has
been implicated in plant immunity through the study of the autoimmune phenotypes exhibited by
the null mutant, defense, no death1 (dnd1). Furthermore, the Ca2+ hypersensitivity of dnd1 also
implicates CNGC2 as a Ca2+ channel. To understand CNGC2-mediated signalling, a few different
approaches were taken. In our lab, repressor of defense, no death1 (rdd1) was identified as the first
novel suppresser of dnd1 (Chin et al. 2013). Additionally, dnd1 also exhibits many developmental
defects which lead us to examine the mutant from a developmental perspective. Gravitropic root
bending and auxin-signalling using the well-established DR5::GUS system was used to assess if the
developmental defects of dnd1 are associated with alterations in auxin signalling. Auxin-induced Ca2+
influx was also examined using the fluorescence resonance energy transfer (FRET) based genetically
encoded Ca2+ indicator yellow chameleon nano 65. Our data suggests that not only does dnd1 exhibit
alterations in auxin signalling, including loss of sensitivity to exogenous auxin and altered auxinrelated phenotypes, dnd1 also exhibits impaired auxin-induced Ca2+ signalling. Interestingly, rdd1 not
only suppresses the well-known autoimmune phenotypes associated with dnd1, but it also supresses
some of the aforementioned auxin-related defects of dnd1. The data accumulated so far suggests
that CNGC2 is likely involved in processes beyond defence signalling including growth and
development and auxin signalling. More data connecting CNGC2-mediated Ca2+ signalling and auxin
responses through the study of rdd1 and the re-phenotyping of dnd1 as a developmental mutant will
be presented.
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[P280] STRIGOLACTONES REGULATION: FROM TREE ARCHITECTURE TO WOOD FORMATION
Chang Su1, Melis Kucukoglu1, Juha Immanen1, Juan Alonso Serra1, Kaisa Nieminen2, Ykä Helariutta3
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Birches (Betula spp.) have diverse tree architecture and wood properties originated in their evolution
and adaption strategies. We are interested in understanding the mechanisms behind different tree
architecture and wood properties. Therefore we collected different birch natural variants. Here we
focus on four bushy phenotypes (“Kanttarelli”, “Luutakoivu”, “Pöytäkoivu” and “Poutapilvi”), which
have comprised primary growth and reduced secondary growth, compared to standard birch trees,
interestingly this mutants show altered apical dominance and branching phenotypes. After a
candidate gene approach we identified the Kanttarelli tree is a natural strigolactone-deficient mutant
as it is mutated in the Betula pendula orthologue of Arabidopsis MAX1. Furthermore BpMAX1 is a
single copy gene in birch.
SLs are a class of plant hormones that affect plant architecture. In Arabidopsis, pea and rice SLs
mutants show reduced height and branching phenotype. In this work we generated BpMAX1
knockdown and knockout transgenic lines by both RNAi and CRISPR to photocopy the “Kantarelli”
trees. We also generated birch BpMAX1-GUS lines and found that BpMAX1 is highly expresses in the
secondary xylem (wood) in birch. This indicates the SLs might affect, not only branching but also
wood formation in birch.
Dissecting the role of SLs during tree development may benefit the modification trees in terms of
wood or total biomass.
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[P281] PROTEIN PHOSPHATASE 2A SUBUNIT PP2AB´Y REGULATES SALICYLIC ACID ACCUMULATION
AND SIGNALLING IN SENESCENCE AND IMMUNITY
Guido Durian1, Moona Rahikainen1, Zsófia Winter1, Verena Jeschke2, Jesús Pascual Vázquez1, Sara
Alegre1, Meike Burow3, Saijaliisa Kangasjärvi1
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Protein phosphatase 2A (PP2A) catalysed dephosphorylation is an important mechanism in the
regulation of various signalling events in plants. The regulatory B subunit is the major determinant of
target protein specificity of the trimeric PP2A holoenzymes. We previously showed that a knockdown mutant of the PP2A regulatory subunit B´γ in Arabidopsis exhibits a partial chlorosis on older
leaves and has enhanced immune responses. In the current study we set out to identify the
molecular pathways involved in these phenomena in order to unravel the role of PP2AB´γ in signal
transduction. We identified the calcium-dependent protein kinase CPK1 as an interactor of PP2AB´γ
by yeast two-hybrid screen and bimolecular fluorescence complementation in planta. The signal
transducer CPK1 is known to be involved in several pathogen stress responses and accumulation of
salicylic acid (SA). Biochemical analysis of CPK1 in a pp2a-b´γ mutant and wild type plants showed
that PP2A alters the activity of this calcium-dependent protein kinase and that this is dependent on
the B´γ subunit of the phosphatase. Microarray data indicate at an early stage in the pp2a-b´γ mutant
but not in a mutant of the closest regulatory subunit homolog, pp2a-b´ζ, an upregulation of genes
involved in SA-signalling in defense and senescence. Analysis by LC-MS showed a strong
accumulation of SA and the occurrence of the phytoalexin camalexin in the apical part of pp2a-b´γ
leaves with chlorosis symptoms, which develop at a later stage, concomitant with the accumulation
of the SA-signalling protein PR1 and the senescence marker protein SAG12. The additional knock-out
of ISOCHORISMATE SYNTHASE1, involved in SA-biosynthesis, abolishes these phenotypes. Based on
our results the protein phosphatase PP2A comprising the regulatory subunit B´γ inhibits both,
premature senescence and unnecessary defense responses in Arabidopsis by exerting an effect on SA
accumulation and SA signalling in these processes.
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[P282] DISECTING THE ROLE OF CYTOKININ IN FLOWERING TIME REGULATION
Isabel Bartrina1, Sören Werner2, Thomas Schmülling2
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Plants undergo a complex physiological switch as they pass from vegetative to reproductive
development. The precise timing of this transition is crucial for the reproductive success and,
therefore, it is tightly coordinated by various environmental and endogenous signals. Several
different genetically deﬁned pathways have been identified to control flowering, and the molecular
mechanisms of these pathways have been studied extensively in Arabidopsis and several other
flowering plants. The hormone cytokinin has been suspected for a long time to be relevant for flower
induction but its role has remained unclear. We compared the flowering time of selected cytokinin
metabolism and signaling mutants with a higher or lower cytokinin content or signaling activity. This
analysis revealed that cytokinin regulates the timing of floral transition independent of leaf number,
suggesting that cytokinin uncouples these traits. Consistent with the notion that cytokinin promotes
flowering in Arabidopsis, in particular under non-inductive photoperiods, mutants with a higher
cytokinin activity flowered earlier under short-day conditions. In contrast, plants displaying a lower
cytokinin status flowered later or were even unable to initiate flowering. Upon a shift from short to
long day conditions, the hormone was required for full induction of FT (FLOWERING LOCUS T) and
TSF (TWIN SISTER OF FT). Interestingly, our gene expression studies and genetic analyses identified a
functional link between the cytokinin and age pathway, which is defined by the antagonistic
expression of the microRNAs miR156 and miR172 targeting several SQUAMOSA PROMOTER BINDING
LIKE (SPL) and APETALA2 (AP2) transcription factor genes. The underlying molecular mechanisms of
this crosstalk will be discussed.
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[P283] BRASSINOSTEROID POST-TRANSLATIONAL REGULATION OF VESICLE TRAFFICKING IN
ARABIDOPSIS
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Vesicle trafficking plays essential roles in cell morphogenesis and growth. For example, cell
elongation involves membrane trafficking to the vacuole and secretion to the cell wall. However,
little is known about the mechanisms by which vesicle trafficking is regulated. Brassinosteroid (BR) is
a major growth-promoting hormone; extensive studies have elucidated how BR signaling leads to
transcriptional responses. To understand how BR regulates post-translational processes including
membrane trafficking, we performed a quantitative phosphoproteomic study and identified a large
number of protein phosphorylation events altered by BR treatment, including dephosphorylation of
TRAPP Subunit 33 (TRS33), a component of the conserved Transport Protein Particle (TRAPP)
tethering complexes. TRAPP is a multi-subunit protein complex discovered in yeast where it is
involved in different trafficking pathways such as secretion and autophagy. However, little is known
about TRAPP complex formation and functions in plants.
To dissect the molecular mechanism of BR regulation in vesicle trafficking we employed Metabolic
Stable Isotope Labeling Immunoprecipitation Mass Spectrometry (mSILIP-MS) to identify TRS33
interacting partners as well as post-translational modifications such as phosphorylation. Our results
indicate that in Arabidopsis, TRAPP complexes comprise at least ten subunits as in yeast but with two
additional subunits unique to plants. Furthermore, identification of heat and salt responsive
interacting proteins hints to TRAPP’s role in plant responses to environmental stimuli.
The trs33 mutant shows severe dwarfism, sterility, as well as de-etiolation in the dark similar to BRinsensitive mutants. Also, in-vitro, BIN2 phosphorylates TRS33 but this phosphorylation is abolished
upon substitution of GSK3 phosphorylation sites.
In summary, our proteomics approach to dissect TRAPP complexes in Arabidopsis provides an indepth study of TRAPP complexes in higher plants. Further functional dissection of TRAPP subunits, in
particular TRS33 phosphorylation events using site-directed mutagenesis, will provide key
information for understanding the function of TRAPP mediated trafficking in plant growth regulation.
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[P284] BIN2 STABILIZES MICROTUBULES TO REGULATE PLANT GROWTH AND PAVEMENT CELL
DEVELOPMENT
Xiaolei Liu1
1
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Brassinosteroids (BRs), a group of plant steroid hormones, play important roles in regulating plant
development. The cytoskeleton also affects key developmental processes and a deficiency in BR
biosynthesis or signaling leads to abnormal phenotypes similar to those of microtubule-defective
mutants. However, how BRs regulate microtubule and cell morphology remains unknown. Here,
using liquid chromatography tandem mass spectrometry (LC-MS/MS), we identified tubulin proteins
that interact with Arabidopsis BRASSINOSTEROID INSENSITIVE2 (BIN2), a negative regulator of BR
responses in plants. In vitro and in vivo pull-down assays confirmed that BIN2 interacts with tubulin
proteins. High-speed cosedimentation assays demonstrated that BIN2 also binds microtubules. The
Arabidopsis thaliana genome also encodes two BIN2 homologs, BIN2-LIKE 1 (BIL1) and BIL2, which
function redundantly with BIN2. In the bin2-3 bil1 bil2 triple mutant, cortical microtubules were more
sensitive to treatment with the microtubule-disrupting drug oryzalin than in wild-type, whereas in
the BIN2 gain-of-function mutant bin2-1, cortical microtubules were insensitive to oryzalin
treatment. These results provide important insight into how BR regulates plant pavement cell and
leaf growth by mediating the stabilization of microtubules by BIN2.

Yes

416

[P285] FERN STOMATAL RESPONSES TO ABA AND CO2 DEPEND ON SPECIES AND GROWTH
CONDITIONS
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Stomata, small pores on plant leaves formed of specialised guard cells that control the aperture of
the pore, balance CO2 uptake for photosynthesis and water loss via transpiration. They evolved more
than 400 million years ago, and their evolution in different land plant groups has gained active
attention over the recent years. The evolution of stomatal response pathways to abscisic acid (ABA)
and CO2 has been intensively debated in plant science community, and whether the stomata in older
land plants, such as lycophytes and ferns, close purely hydropassively, or actively respond to ABA,
has remained controversial.
In order to bring further insight into fern stomatal responses to ABA and CO2, we used a custom-built
temperature-controlled whole-plant gas-exchange device to characterise stomatal responses to
these stimuli in intact leaves of three temperate fern species: Athyrium filix-femina, Dryopteris
carthusiana, and Dryopteris filix-mas. In order to asses, whether fern stomatal responses depend on
growth conditions, we grew the ferns at two different relative air humidity (RH) regimes: standard
(70% day and night) and reduced RH (∼30%–40% during the day and ∼40%–65% at night).
We found that fern stomatal responses depended on species and growth conditions: stomata in D.
carthusiana did not respond to ABA in any of the tested conditions, whereas in A. filix-femina and D.
filix-mas, stomata closed in response to ABA when grown at standard, but not at reduced RH.
Stomata in all the analysed fern species closed in response to above-ambient CO2 concentration,
irrespective of growth conditions, except in D. filix-mas grown at reduced RH. These data suggest that
active stomatal regulation is present in some ferns and has possibly been lost in others. However,
even when active stomatal regulation exists in ferns, it is very different from the responses seen in
angiosperms, e.g. Arabidopsis thaliana.
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[P286] A SINGLE-LOCUS BIOSENSOR FOR SIMULTANEOUS MONITORING OF MULTIPLE PLANT HORMONES
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Phytohormones are growth regulators that govern plant development, control interactions with the
environment, and orchestrate plant adaptation and survival in ever-changing environments. In the past two
decades, a handful of plant biosensors have been developed that enable live or ex vivo imaging of hormone
levels and distribution. Synthetic transcriptional reporters, such as EBS for ethylene or DR5 for auxin, have
been successfully applied to characterize the effects of various genetic or environmental perturbations on the
spatiotemporal activity patterns of individual hormones. The utility of these hormone-specific sensors is,
however, limited to detecting one growth regulator at a time. To increase the readout capacity of
transcriptional reporters, we are multiplexing several synthetic biosensors in a single construct. Using
GoldenBraid molecular cloning technology, we have generated a collection of synthetic hormone-responsive
promoters, core promoter elements and terminators, as well as multiple versions of red, green and blue
fluorescent proteins and subcellular localization signals. We are in the process of assembling, testing in
transient assays and combining various hormone-specific transcriptional units for in planta expression. Our
immediate plan is to generate and characterize in Arabidopsis and tomato a single-locus ACE
(auxin/ethylene/cytokinin) sensor, with the ultimate goal to multiplex nine transcriptional reporters for nine
major growth regulators (ACE plus ABA, gibberellins, brassinosteroids, salicylic acid, jasmonate, and
strigolactones), with an individual hormone readout distinguishable by fluorescent protein color and
subcellular localization.
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[P287] ATSRP1, SMALL RUBBER PARTICLE PROTEIN HOMOLOG, PLAYS A NOVEL ROLE RELATED TO
POLLEN GROWTH AND DEVELOPMENT IN ARABIDOPSIS.
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Isolations of a T-DNA-insertion knock-out mutant(FLAG_543A05) and investigation of its functional
characteristics are carried out to identify novel functions of SMALL RUBBER PARTICLE PROTEIN
Homolog in the non-rubber-producing plant Arabidopsis (AtSRP1). In reproductive organs, the
AtSRP1 is predominantly expressed and it is localized to lipid droplets and ER. Compared to wildtype(WT) Arabidopsis, phenotype of atsrp1 plant silique is small with a reduced number of
heterogeneously shaped seeds. Highly irregular size of anther and pollen grains in atsrp1 is also
observed with a lower grain number than WT. Therefore, we concluded AtSRP1 has novel functions
related in pollen growth and development in a non-rubber producing plant.
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[P288] THE ASIL GENES DO NOT REPRESS THE MATURATION PROGRAM IN THE EARLY EMBRYO OR
IN THE SEEDLING
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The onset of seed maturation (greening and accumulation of storage products) is tightly regulated.
Although positive regulators are well known, the genes that repress the program during early
embryogenesis and after germination are not well understood. Gao and colleagues observed that
Arabidopsis seedlings mutant for the trihelix transcription factor ASIL1 overexpressed many genes
related to the embryonic maturation program (Plant Cell 21: 54, 2009). They also noticed a
premature increase in transcript levels for these genes in asil1-1 early embryos (4-6 days after
pollination, DAP) (Plant Sig. Behav. 6: 1886, 2011). They concluded that ASIL1 represses maturation
at these two stages. We wanted to extend their work by looking both at asil1-1 and at mutants for its
closest homologue, ASIL2, since we suspected redundancy in function. Our first observation was that
asil1-1, asil2-1, asil2-2 and double mutant embryos showed no apparent phenotypes. They
developed at the same rate as the wild type, and they turned green at the same time as well. We
then analyzed their transcriptome at 5 DAP (late heart stage) and found few differentially expressed
genes (DEGs) between genotypes. The transcripts of maturation-related genes, in particular, did not
differ in their levels. This suggested that the maturation program was not induced prematurely in asil
embryos. We performed RNAseq analyses of single and double mutant 14 day-old seedlings. We
found many DEGs in this case. But, contrary to expectations, we did not see any upregulation of
maturation-related genes. We also stained seedlings with Fat Red to visualize the predicted
accumulation of triacylglycerol, but found no difference between wild type and mutants. In sum, our
results contradict those of Gao et al., and indicate that the ASIL genes play no role in repressing
maturation during early embryogenesis or seedling development.
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[P289] DOG1-LIKE4 IS A MASTER REGULATOR OF THE SEED MATURATION PROGRAM
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The DELAY OF GERMINATION1-LIKE (DOGL) family proteins are plant-specific proteins of unknown
biochemical function. DOGL4 shares only limited homology to DOG1, a major regulator of seed
dormancy. DOGL4 was identified as one of the outstanding abscisic acid (ABA)-induced genes in RNA
sequencing analysis while DOG1 was not induced by ABA. The reduced dormancy and longevity
phenotypes observed in the dog1 seeds were not observed in the dog1-like4 mutants, suggesting
that these two genes have limited functional overlap in terms of seed germination control. Induction
of DOGL4 caused expression of 70 seed maturation-specific genes even in germinating seeds. DOGL4
induced the specific set of seed maturation genes, including the major seed reserve albumin,
cruciferin and oleosin. DOGL4 induction in developing seeds resulted in enhanced reserve
accumulation. While DOG1 induces many other seed maturation genes, the major seed reserve
genes induced by DOGL4 are not altered by the dog1 mutation. These results suggest that DOGL4 is a
master regulator of reserve accumulation in seeds and has a distinct biological role from that of
DOG1. The DOG1 family proteins may have diverged over the course of evolution into independent
regulators of seed maturation, each of which has the specific and some redundant roles in seeds.
*A similar abstract has been submitted to Plant Biology Europe, Copenhagen, Denmark, June 18-21,
2018.
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ARABIDOPSIS STAMEN ELONGATION AND ANTHER DEHISCENCE
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In Arabidopsis auxin coordinates all three processes that occur during late stamen, development:
stamen filament elongation, anther dehiscence and pollen maturation. Auxin controls gene
expression via different ARFs, many of which have different splice variants whose function has not
been investigated. ARF8 plays a main role in stamen development; in addition to the full-length
transcript ARF8.1, a splice variant of unknown function named ARF8.2 has been reported.
We identified a new flower-specific splice variant of ARF8 that we denominated ARF8.4, which bears
a stop codon similar to ARF8.2 but presents an in-frame intron retention, leading to a 28 aa sequence
inserted in the transcriptional activation region. We showed, by means of qPCR and in situ
hybridizations that expression ARF8.4 has a different tissue-specificity than ARF8.1 and ARF8.2.
Through inducible expression of each variant in arf8-7 flowers, we showed that ARF8.4 fully
complements the short-stamen phenotype of the mutant and directly regulates the expression of the
positive regulator of stamen elongation AUX/IAA19.
While ARF8.4 overexpression has no effect on anther dehiscence, co-expression of ARF8.4 and
ARF8.2 in both wild-type and arf8-7 flowers causes a premature anther dehiscence. We showed that
ARF8.4 controls the timing of endothecium lignification - the first event of anther dehiscence - via the
direct regulation of MYB26 expression. In addition, we show that ARF8.2 is responsible for an
increased expression of DAD1, a gene involved in the biosynthesis of jasmonic acid that controls the
last step of anther dehiscence (Ghelli et al, Plant Cell, in press).
ARF8.4 is among the first examples of a splice variant that regulates a developmental process.
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[P291] CRABS CLAW: A NEW EXAMPLE FOR A BIFUNCTIONAL TRANSCRIPTION FACTOR
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The development of carpels is one of the most crucial steps in the life cycle of angiosperms, as they
are the most complex plant organs. They harbor seeds and later develop into fruits. Hence, they are
of great ecological and economic importance. CRABS CLAW (CRC), a YABBY protein, is an important
part of the carpel developmental network as it is involved in multiple steps during carpel
development such as carpel fusion, floral meristem termination, and nectary formation. Previous
work revealed its genetic interactions with other carpel developmental regulators. However, its
biochemical properties and molecular way of action remain unclear. We have studied the molecular
base of CRC function with e.g. protein interaction and localization assays to assign functions to the
three domains of CRC (a zinc finger like domain, a serine-proline rich domain, and the protein family
specific YABBY domain), in respect to subcellular localization, nuclear transport, protein-protein
interactions, and DNA binding. Our results showed that the nuclear localized CRC forms homo- and
heterodimers with other YABBY proteins, via the YABBY domain, and that its DNA binding is mainly
cooperative and is mediated by the YABBY domain. Furthermore, CRC is, similar to WUSCHEL, a
bifunctional transcription factor, as it can be an activator of transcription, a repressor, or both as
shown for other YABBY proteins. We could show that CRC regulates lateral growth, nectary
formation, and carpel fusion by activating transcription and regulates floral meristem termination by
repressing transcription of target genes.
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[P292] IDENTIFICATION OF AINTEGUMENTA REGULATORY TARGETS DURING FLOWER
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Understanding how flowers form is an important problem in plant biology, as the human food supply
depends upon the production of flowers and seeds. Flower development also provides an excellent
model for understanding how cell growth and differentiation coordinate to form organs. The
Arabidopsis transcription factors AINTEGUMENTA (ANT) and AINTEGUMENTA-LIKE6 (AIL6) regulate
flower organ initiation, identity specification, and patterning. RNA-Seq analysis of ant ail6 mutant
floral buds identified thousands of genes that depend on ANT and/or AIL6 for expression, but direct
downstream targets remain unknown. To identify direct targets of ANT regulation, we generated a
steroid-inducible form of ANT (35S:ANT-GR) and used RNA-Seq assays to identify gene differentially
expressed at two, four and eight hours after ANT induction. Genes showing opposite changes in
expression in 35S:ANT-GR and ant ail6 double mutants have been the focus of additional studies. For
several of these candidate ANT target genes, steroid regulation in both 35S:ANT-GR and ANT:ANT-GR
ant inflorescences occurred independent of protein synthesis, indicating that these are direct ANT
targets. Subsequent chromatin immunoprecipitation (ChIP) experiments confirmed ANT binding to
nearby genomic DNA. To better understand the role of these target genes in flower development, we
are examining their spatial expression patterns by in situ hybridization, characterizing loss and gain of
function mutants, and investigating genetic interactions with ant alleles.
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[P293] PARENTAL AGE AFFECTS SPONTANEOUS MUTATION RATES ACROSS GENERATIONS IN
ARABIDOPSIS
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Using a set of Arabidopsis detector lines carrying mutated or truncated GUS reporter gene, we
examined if parental reproductive age influences the somatic mutation rates in the ensuing filial
generations. We scored for functional GUS reversions reflected as blue spots which can be monitored
in planta. Based on the number of blue spots to the total number of seedlings screened, we
quantitated point mutation and homologous recombination rates. In one set, the age of pollination
was fixed for three consecutive generations i.e. 38, 43, 48, and 53 days after sowing (DAS), while in
other, we varied the age in the first generation alone and in the following generations, manual selfpollination was done at a particular age only. We found no significant change in both point mutation
and homologous recombination rates between F1 and F2 generations. However, if plants were selfpollinated on different ages and in the subsequent generations a single age set was retained, we
found that with advancing age both point mutation and homologous recombination rates increased
significantly in the ensuing generations. Currently, we are comparing the age effect on frame shift
rates and transpositions across generations. Though we found that parental age does not affect the
somatic mutation rates in its transgenerational progenies, it may be a locus specific effect which we
are trying to ascertain.
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[P294] EXPRESSION OF FACTORS OF DNA METHYLATION IN A. THALIANA REPRODUCTIVE
STRUCTURES
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RNA-directed DNA methylation (RdDM) is a small RNA-mediated epigenetic pathway involved in
transcriptional repression of both transposons and genes. The expression of genes involved in this
pathway is required for proper differentiation of gametophyte precursors in A. thaliana ovules.
Members of the gene family Factors of DNA Methylation (FDM), together with their closely related
IDN2, are dsRNA-binding proteins that regulate RdDM at chromatin targets. Recently we found that
several FDM-like transcripts are differentially expressed in ovules collected from aposporous
apomictic H. perforatum accessions.
To gain further insight into the activity of FDM-like genes in gamete formation, we studied the
expression of IDN2 and five FDM genes in A. thaliana reproductive structures. Microarray data
indicate that expression of FDM genes is higher in flowers at stage 9 and decreases throughout
flower development. Among the different flower parts, their expression is enriched in carpels at
stage 12 and 15 and, within the pistil, it appears to be higher in the ovary. A protocol allowing
reverse-transcription quantitative PCR (RT-qPCR) directly from micro-dissected ovules, without RNA
extraction, was developed to monitor the expression levels of FDM genes in ovules at different
developmental time points. In doing so, we could confirm the expression of IDN2 together with
FDM1, FDM2 and FDM5 in ovules at different time points corresponding to sporogenesis and
gametogenesis. Knockout and reporter lines were investigated to address the role of FDM genes in
gametes formation and seed production. In doing so, we found that the A. thaliana IDN2 knockout
line displays a significant reduction in the number of vital seeds. Similar phenotypes were observed
when other effectors of the RdDM pathway were knocked out. Results on FDM expression contribute
in paving the way toward a better comprehension of genetic and molecular basis of gametes
formation and seed production.
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[P295] ISOLATION OF HIGHER CROSSOVER RATE MUTANTS IN ARABIDOPSIS
Ji-hye Park1, Juhyun Kim1 2, Kyuha Choi1, Jaeil Kim1
1
Pohang University of Science and Technology, Department of Life Sciences, POSTECH, Pohang, Rep.
of South Korea
2
Pohang University of Science and Technology, Pohang, Rep. of South Korea
Meiotic recombination produces crossovers from SPO11-mediated DSBs by diverse interhomolog
repair pathways. The crossovers affect genetic diversity in population and breeding. Crossover is
limited to ~1-3 along a chromosome by three distinct anti-crossover pathways that include FANCM,
RECQ4 and FIGL1 factors in Arabidopsis. However, the mechanism underlying crossover suppression
in which the DSBs (~40-50 per chromosome) are repaired to 1-3 crossovers remains explored clearly.
We have performed high throughput genetic screenings of higher crossover rate (hcr) mutants by
using fluorescent seed-based system, enabling the measurement of crossover frequency in individual
plants of various mutant pools. Three hcr mutants (hcr1, hcr2, hcr3) were isolated and confirmed to
be new anti-crossover mutants by genetic analyses and crossover measurements. The isolation and
characterization of hcr mutants reveal new anti-crossover pathways, providing an insight into the
crossover suppression mechanism in plants.
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[P296] AARABIDOPSIS HSP70-16 IS ESSENTIAL FOR FLOWER DEVELOPMENT UNDER NORMAL AND
ELEVATED TEMPERATURES
Xu Chen1, Lei Shi1, Yuqin Chen1, Lu Zhu1, Jianxin Shi1, Jie Xu1
1
Shanghai Jiao Tong University, Genetic and Developmental Science, Shanghai, China
Sepals, the outermost floral organs, play important roles in protecting developing floral organs from
various stresses and guaranteeing timely flower opening. However, the exact role of sepals
coordinating interior and exterior signals remains elusive. In this study, we functionally characterized
a heat shock protein gene, Arabidopsis HSP70-16, in flower opening and heat stress response, using
combined genetics with anatomic, physiological, chemical, and molecular analyses. We show that
HSP70-16 is crucial for flower development and heat response. Mutation of hsp70-16 led to
significant reduction in seed setting rate under 27℃, which was more severe when grown at 22℃.
Mutation of HSP70-16 caused postgenital fusion at their overlapping tips of two lateral sepals,
leading to failed flower opening and resulting in abnormal floral organ formation, which impaired
subsequent fertilization and seed setting. Chemical and anatomic analyses confirmed specific
chemical and morphological changes in mutant cuticle property, and qRT-PCR data indicated that
expression levels of different sets of cuticle regulatory and biosynthetic genes were altered under
both 22℃ and 27℃ growth conditions. This study provided a link between thermal and
developmental perception signals, expanded our understanding of the roles of sepal in plant
development and heat response.
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[P297] AN AMINO ACID IN FKF1 AND ZTL LOV DOMAIN DETERMINES ITS FLOWERING FUNCTION IN
ARABIDOPSIS
Young Hun Song1, Sung Won Cho1, Brian D. Zoltowski2, Takato Imaizumi3
1
Ajou University, Life Sciences, Suwon, Korea, Rep. of South
2
Southern Methodist University, Chemistry, Dallas, United States
3
University of Washington, Biology, Seattle, United States
Many plants measure changes in day length to coordinate their flowering with favorable seasons for
maximum reproductive success. In Arabidopsis, the induction of FLOWERING LOCUS T (FT) gene
determines the timing of flowering. The transcriptional regulation of CONSTANS (CO) gene and
posttranslational regulation of CO protein are crucial for the day length-dependent FT gene
expression. The abundance of CO transcript and protein oscillate daily and seasonally, and these
expression profiles are controlled by the FLAVIN-BINDING, KELCH REPEAT, F-BOX1 (FKF1)
photoperiod sensor that is a blue light photoreceptor. FKF1 positively regulates the expression of CO
and FT genes by the degradation of CYCLING DOF FACTOR (CDF) proteins that are transcriptional
repressors of these genes. In addition, FKF1 directly binds to CO protein and stabilizes the protein,
which leads to the FT induction that accelerates flowering. By contrast, ZEITLUPE (ZTL) protein, a
FKF1 homologue blue light photoreceptor that is a negative floral regulator, mediates the
degradation of CO protein.
Recently, we have shown the crystal structure of ZTL Light, Oxygen, Voltage (LOV) domain. Based on
structural studies of ZTL, we have developed some LOV domain variants that are involved in
photocycle lifetime. Here we present that one of the ZTL LOV variants rescue the late flowering
phenotype of fkf1 mutant. In addition, the equivalent LOV variant of FKF1 exhibits an enhanced
function in flowering time. These findings suggest that the single amino acid substitution in ZTL or
FKF1 LOV domain is essential for its unique function.
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[P298] STUDY OF CELL SIGNALLING IN ETHYLENE RESPONSE AND MECHANORESPONSE USING SILIA
AND SQUA-D-BASED QUANTITATIVE PTM PROTEOMICS AND MOLECULAR GENETICS
Ning Li1
1
The Hong Kong University of Science and Technology, Division of Life Science , Hong Kong SAR ,
China
Quantitative and functional proteomics and post-translational modification (PTM) proteomics have
emerged as one of the powerful Omics approaches in studying cellular events in various model
organisms. In this seminar, I intend to show several examples on how to apply in planta metabolic
labeling (3C) and in vitro chemical labeling-based (4C) quantitative PTM proteomic workflow (SILIA,
SQUA-D, and AQUIP) in investigation of cell signaling in the model plant Arabidopsis and its potential
impact in the plant cell biology research in general. To elucidate the molecular mechanism
underlying plant hormone ethylene signaling in Arabidopsis on a number of plant responses, several
well-known Arabidopsis ethylene response loss-of-function mutants (ctr1-1, rcn1-1, ein2-5, eil3eil1)
as well as transgenic plants constitutively expressing target proteins were selected as target plant
materials for both stable isotope metabolic labeling (SILIA) or in vitro dimethyl labeling (SQUA-D) for
the PTM quantitation. The multi-step quantitative PTM proteomics results clearly revealed that there
exist multiple PTM-mediated signalling pathways in Arabidopsis ethylene and mechano-response.
This SIML-based quantitative PTM proteomics was able to identify rapidly phosphorylated proteins,
such as TREPH1, MAP Kinase Kinases, CPKs, in response to either 40 second of touch force
stimulation or 1 minute of ethylene treatment in Arabidopsis. The following reverse genetic and
transgenic plant approaches in combination with cell biology studies validated the biological
functions of these key candidate phosphoproteins in these internal and external signals-mediated
cellular events and dramatic plant responses. These successful research results suggest that our PTM
proteomic approach can be quantitative, repeatable, accurate and versatile in addressing many
important biological questions in life sciences. (Grants: 31370315, 31570187, 661613, 16101114,
16103615, 16103817, AoE/M-403/16).

Yes

430

[P299] THE MECHANISM OF TREHALASE REGULATION IN ARABIDOPSIS THALIANA
Tran Phan1, Filip Rolland2, Patrick Van Dijck1
1
VIB-KU Leuven Center for Microbiology; Laboratory of Molecular Cell Biology, KU Leuven, LeuvenHeverlee, Belgium
2
Molecular Plant Biology, KU Leuven, Leuven-Heverlee, Belgium
Trehalose is a non-reducing disaccharide which is well-known for its role in stress tolerance in
microorganisms. Plants encode many trehalose biosynthesis enzymes in their genome, but only very
little trehalose is found. Despite of this, it seems that trehalose is important in drought stress
tolerance as plants with lower trehalose level by overexpressing of trehalase (AtTRE1), an enzyme
which hydrolyzes trehalose into two glucose molecules, showed increased drought stress tolerance
in Arabidopsis thaliana (Van Houtte et al., 2013, Plant Physiology 161: 1158-1171). The precise
mechanism of trehalase regulation in drought stress resistance in plants is not yet known. In this
project we revealed that the AtTRE1 protein is post-translationally modified by phosphorylation and
N-glycosylation based on different isoforms formation upon site directed mutagenesis in AtTRE1
phosphorylation and N-glycosylation consensus sequence sites. Moreover, two catalytic sites were
identified by homology modeling of A. thaliana trehalase with the periplasmic trehalase from E. coli
(PDB 2WYN). Interestingly, two alleles of AtTRE1 were generated. The intracellular localization of
different isoforms was evaluated by generating GFP fusion constructs, which, upon transient
expression in Arabidopsis protoplasts showed that one of these alleles localizes in the plasma
membrane and the other one was found in both the cytoplasm and the nucleus. Currently we are
further characterizing the functions of these two trehalase isoforms.
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[P300] VISUALIZATION OF SIGNALING MOLECULES USING GENETICALLY ENCODED FLUORESCENT
INDICATORS
Rainer Waadt1
1
Centre for Organismal Studies, Plant Developmental Biology, Heidelberg, Germany
Plants use diverse signaling molecules to translate environmental signals into chemical signals that
mediate adaptive growth and developmental responses to achieve a successful life cycle. Local and
temporal concentration changes of signaling molecules can thereby play distinctive roles in
modulating downstream response patterns. To better understand how environmental signals are
translated into plant growth and developmental responses, it is important to measure the involved
signaling molecules in intact plants.
Genetically encoded fluorescent indicators (GEFIs) are ideal tools for the visualization of small
molecules in vivo. We use GEFIs to monitor cytoplasmic changes of abscisic acid (ABA), calcium, the
cellular redox state or reactive oxygen species (ROS) and pH in Arabidopsis. Through the
simultaneous expression of two GEFIs at the same time, we are now able to perform correlative
analyses to determine the dynamic relationships of at least two signaling molecules.
Our data indicate that ABA does not induce calcium signals in roots. In response to auxin and ATP, we
observe calcium signals in roots that locally correlate with cytoplasmic acidification. Finally, we
observe strong correlation between calcium and cellular redox changes in response to hydrogen
peroxide (H2O2) but not in response to salt stress or wounding.
The GEFI-based simultaneous visualization of two signaling molecules opens new possibilities to
study the relationships between diverse signals. Using these tools, we can obtain deeper insights into
how plants integrate environmental changes and translate them into adequate adaptive responses.
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[P301] CASEIN KINASE 1 SUPPRESS ABA SIGNALING AND RESPONSES BY PHOSPHORYLATING AND
DESTABILIZING ABA RECEPTORS IN ARABIDOPSIS
Huhui Chen1 2, Hongwei Xue3
1
Sun Yat-Sen University, School of Life Sciences, Guangzhou, China
2
Chinese academy of Sciences, Institute of Plant Physiology and Ecology, Shanghai, China
2
Chinese academy of Sciences, Institute of Plant Physiology and Ecology, Shanghai, China
Unveiling the signal transduction of phytohormone abscisic acid (ABA) will be greatly helpful to
improve plant responses to stressful environment. ABA signaling is perceived and mediated by multimember receptor PYR/PYLs, while whose post-translational modification, especially phosphorylation,
is largely unknown. Here we demonstrated that Arabidopsis EL1-like (AEL) casein kinases 1 (CK1)
regulate various physiological processes, phosphorylate PYR/PYLs and promote their ubiquitination
and degradation, leading to the suppressed ABA responses. CK1 is a conserved Ser/Thr protein kinase
that is highly conserved in eukaryotes and plays crucial regulatory roles in multiple signal
transduction pathways and physiological processes including cell proliferation, circadian rhythms,
flowering time regulation，hormones effects, vesicle trafficking, DNA repair, growth and
morphogenesis. Arabidopsis ael triple mutants display hypersensitive responses to ABA treatment,
which is consistent with the suppressed degradation of PYR/PYL proteins. PYR/PYLs are
phosphorylated in vivo and mutation of the conserved AEL-phosphorylation sites results in the
reduced phosphorylation, ubiquitination, and degradation of PYR/PYLs, and hence the enhanced ABA
responses. Taken together, these results demonstrate that AEL-mediated phosphorylation plays
crucial roles in regulating the stability and function of PYR/PYLs, providing significant insights into the
post-translational regulation of PYR/PYL receptors and ABA signaling.
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[P302] CYSOSOLIC CHAPERONIN COMPLEX MEDIATES SIGNALINGS OF VERNALIZATION AND COLD
ACCLIMATION IN ARABIDOPSIS
Goowon Jeong1, Jinwoo Shin2, Ilha Lee1
1
Seoul National University, School of Biological Sciences, Seoul, Rep. of South Korea
2
Sungkyunkwan University, Department of Biological Sciences, Suwon, Rep. of South Korea
Vernalization is one of the most important mechanisms to determine the timing of flowering in
plants. In Arabidopsis, PRC2-mediated epigenetic repression of strong floral repressor gene,
FLOWERING LOCUS C (FLC), is critical for vernalization. PHD finger domain protein VERNALIZATION
INSENSITIVE3 (VIN3) was reported as one of the key component in POLYCOMB REPRESSIVE COMPLEX
(PRC2)-mediated FLC suppression. When plant is exposed to vernalization, expression of VIN3 is
gradually elevated according to cold period. However, how plant perceives long-term cold is not
known yet.
To reveal upstream components of VIN3, we generated a transgenic line with the minimal promoter
of VIN3 fused to GUS reporter gene and performed ethyl methane sulfonate mutagenesis. We have
isolated several mutants which show increased or decreased expression of VIN3 after vernalization
treatment. p161 was isolated as vernalization insensitive mutant, which shows decreased expression
of VIN3. The p161 mutant failed to accumulate a repressive histone marker, H3K27me3, on FLC locus
after vernalization. The mutant failed to suppress FLC transcript level, thus flowering time was not
accelerated as wild type. By positional cloning, we found a point mutation within the gene encoding
a subunit of chaperonin in p161.
In addition to impaired VIN3 induction, p161 has pleiotropic defect under long-term cold treatment.
Long term cold treated p161 shows reduced chilling tolerance, accumulated anthocyanin, and
decreased tubulin abundance. Our RNA-seq analysis using long-term cold treated p161 mutant
reveals downregulation of several genes including C-REPEAT BINDING FACTOR (CBF1) and COLDREGULATED PROTEIN 15a (COR15a), which have critical roles for cold acclimation. These results lead
us to propose that chaperonin complex mediates vernalization and cold acclimation.
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[P303] PLANT TRACER: A TIME-LAPSE APP TO VISUALIZE, QUANTIFY AND REPORT NOVEL MUTANTS
IN PLANT MOTION
Eric Brenner1, Victor Carvalho2, Al Olson3, Jiazhen Zhang4, Angelica Miriam Guerico5, Changyuan Li4,
Keisha Milsom6, Winnie Zhao1, Jan Plass7, Yao Wang4
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Pace University, Biology, New York, United States
2
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New York University, Tandon , School of Engineering, Brooklyn, United States
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Even though plants may seem static in stature, in reality, when not dormant, plant organs are in
continuous positional flux – via combined growth and movements. Plant movements include
nutations and tropisms. Plant movements have been explored by isolating mutants to identify the
molecular players directing positional changes. However, to date most mutants were isolated by
screening at static time points, typically from images recorded before and after positional changes.
Time lapse photography analysis promises to detect mutants that are impaired throughout the
movement dynamic. Creating time-lapse movies has recently become inexpensive with the ubiquity
of smart phones and tablets. Plant Tracer is a NSF funded App designed to quantify movement
characteristics that occur during gravitropism (movement towards or away from gravity) and
circumnutation (the periodic regular swaying found in plant organs). As part of a crowd sourced
method, Plant Tracer is being used by both students and researchers to detect mutant genes
in Arabidopsis that are impaired in gravitropic or circumnutation responses. Plant Tracer represents a
new approach to draw young scientists into the field of plant biology through research and inquiry
with their omnipresent digital device and also will be useful to more established scientist wishing to
study these movement characters.

Yes

435

[P304] THE IDA SIGNALING PATHWAY: BALANCING ORGAN LOSS AND STRESS RESPONSES BY
ABSCISSION IN ARABIDOPSIS THALIANA
Vilde Olsson1, Mari Kristine Anker1, Ida Myhrer Stø1, Maike Breiden2, Rüdiger Simon 2, Melinka
Butenko1
1
Department of Biosciences, University of Oslo, Norway
2
Institute for Developmental Genetics, Heinrich Heine University, Germany
Plants use small peptide ligands and plasma-membrane receptors to regulate important
developmental processes and respond to both biotic and abiotic stresses. Floral organ abscission in
Arabidopsis thaliana is regulated by the peptide ligand INFLORESCENCE DEFICIENT IN ABSCISSION
(IDA) that signals through the receptor-like kinases (RLK) HAESA (HAE) and HAESA-LIKE 2 (HSL2) 1,2.
HAE and HSL2 are also involved in regulating the expression of defense genes during the abscission
process3 and have been implicated in controlling pathogen induced abscission 4. Interestingly,
exogenous application of both biotic and abiotic stresses, such as salt and the pathogen-associated
molecular pattern flaggelin (flg22) enhances IDA expression in the abscission zone. In addition,
several known signaling components involved in stress responses in Arabidopsis are activated by the
IDA peptide. Identical co-receptors and MAP kinases act downstream of both flg22 and IDA.
Furthermore, IDA induces a release of ROS and Ca2+ believed to act as secondary signaling molecules
in stress responses. In this study, we explore how IDA may function as an enhancer of stress induced
responses in the abscission zone of Arabidopsis thaliana and explore molecular mechanisms leading
to stress induced abscission.
We will investigate the expression pattern of known stress induced genes upon IDA induction and
use genetic interaction studies to identify signaling components involved in stress responses that
may affect IDA signaling. In addition, FRET-based fluorescence imaging methods will be employed to
study additional receptors that mediate stress induced abscission. We propose that IDA functions as
an enhancer for stress induced pathways during abscission in addition to providing protection to
surface exposed cells after organ loss.
1. Butenko et al. (2003).The Plant cell 15, 2296-2307
2. Stenvik. et al. (2008). The Plant cell 20, 1805-1817
3. Niederhuth et al. (2013). BMC genomics 14, 37
4. Patharkar et al. (2017). PLoS Genet 13(12), e1007132
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[P305] INVESTIGATE A NOVEL SUBSTRATE OF CRL3BPM E3 LIGASES MODULATING FLOWERING
TIME
Liu Hong1, Shuang Wang2, Liwen Jiang1, Liyuan Chen1
1
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2
Shenzhen Technology University, China
Transcription factors (TFs) play crucial roles in regulating transcriptional activities, plants
development and diverse metabolism processes. For plants, they are key components for regulatory
networks in controlling responses to different kinds of biotic and abiotic stresses. In sessile plants,
large number of proteins orchestrate plant organ development including conserved MYB DNAbinding domain proteins, MYB TFs, which are mainly expressing in different plant organs and
participating in plant developmental events. Thus, the post-translational regulation on the activities
of these TFs is a dynamic and essential mechanism for plants. To control the stability of proteins,
living cells use a highly efficient system called ubiquitin proteasome pathway which directs diverse
processes and has a central role to equilibrate the protein levels in planta.
As the key regulators within this pathway, E3 ubiquitin ligases could efficiently target substrate
proteins and promote the consequent proteasomal degradation. One kind of Cullin3-based ubiquitin
E3 ligases (CRL3s), formed by Cullin3 (CUL3) and MATH-BTB/POZ domain (BPM) proteins, facilitates
the ubiquitination of proteins and triggers substrates degradation via the 26S proteasome. It has
been well-characterized that Arabidopsis thaliana encodes six BPM proteins and two CUL3 proteins
(CUL3a and 3b). Previous study demonstrated that BPM proteins can target many different TFs and
lead to their ubiquitination and proteasomal degradation. In this study, we aim to investigate the
CRL3BPM E3 ligases-mediated protein stability and transcriptional activity of MYB106 which modulates
diverse dynamic developmental events during plant flowering procedure. Based upon the
preliminary results, we expect to identify a novel substrate of CRL3 and establish a new functional
connection between CRL3 E3 ligases and assembled MYB106 protein, which subsequently regulate
plant flowering events in planta.
Supported by General Research Fund from the Research Grants Council of Hong Kong
(GRF/14104716) to L.C.
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[P306] A PHOSPHOPROTEOMICS APPROACH TO UNRAVEL THE IDA SIGNALLING PATHWAY
Verena Mertes1, Ida M. Stø1, Vilde Olsson1, Shanshou Zhu2 3, Brigitte van de Cotte2 3, Ive De Smet2 3,
Melinka A. Butenko1
1
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3
VIB Center for Plant Systems Biology, Ghent, Belgium
The signalling system comprising the related receptor-like kinases HAESA (HAE) and HAESA-LIKE2
(HSL2), SERK co-receptors, and their proline-rich peptide ligand INFLORESCENCE DEFICIENT IN
ABSCISSION (IDA) induces cell separation during floral organ abscission and lateral root
emergence1,2,3. Activation of the receptors leads to phosphorylation of a MAP kinase cascade
including MKK4 and 5 and MAPK3 and 64. Additional signalling components include KNOX
homeodomain transcription factors thought to regulate the expression of genes encoding cell wall
remodelling enzymes responsible for the cell separation event5. The IDA signalling pathway is also
activated by biotic and abiotic stresses and we have shown that the IDA peptide induces a receptordependent production of extracellular reactive oxygen species (ROS)6. Here we show that IDA also
induces an increase in cytosolic Ca2+ concentration. With the aim of identifying proteins downstream
of IDA perception by HAE and HSL2 that can modulate stress responses as well as cell wall
modifications, we have performed a phosphoproteomics experiment. Floral abscission zone tissue
from the ida mutant, IDA over-expression lines, the hae hsl2 double mutant and wild type at
different developmental stages was collected and subjected to a phosphoproteomics workflow,
leading to the identification of differentially phosphorylated proteins between the different
genotypes. Results from these experiments will be presented.
1. Stenvik GE et al. 2008, Plant Cell 20:1805-17
2. Kumpf RP et al. 2013, PNAS 110: 5235-40
3. Santiago J et al. 2016, eLife 2016;5:e15075
4. Cho SK et al. 2008, PNAS 105:15629-34
5. Shi C-L et al. 2011, Plant Cell 23:2553-67
6. Butenko MA et al. 2014, Plant Cell 26: 1838-47
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[P307] SIGNALING FROM CELL WALL TO NUCLEUS
Hyodong Lee1
1
Seoul National University, Department of Biological Sciences, Seoul, Rep. of South Korea
A plant cell is surrounded by the cell wall which consists of cellulose microfibrils, matrix
polysaccharides and minor proteins and play both mechanical support and restraint for the cell. For a
plant cell to proceed division, expansion, and differentiation, intimate interactions between the cell
wall and the protoplast would be required. Diverse cell wall-associated transmembrane kinases are
indicative of the presence of the interface for these interactions. Mechanical changes in the cell wall,
via this interface, would cause diverse downstream cytoplasmic or nuclear events for the cellular
processes. Among many cell wall-modifying proteins, expansins are unique in that they reassemble
the cell wall without apparent hydrolytic activity and cause cell expansion. We have adopted this
expansin-mediated cell-wall modification to identify the events downstream of mechanical cell wall
changes. In this study, we have expressed several types of expansin proteins by the glucocorticoidinducible system in Arabidopsis seedlings and analyzed the time-dependent transcriptome changes.
This analysis would give a starting clue to understand the mechanism from cell-wall dynamics to
cellular events.
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[P308] MEMBRANE-BOUND NAC TRANSCRIPTION FACTORS MODULATE RETROGRADE
REGULATION OF OXIDATIVE STRESS RESPONSES
Inge De Clercq1, Sophia Ng2, Aneta Ivanova2 3, Estelle Giraud2, Olivier Van Aken2 4, Vanessa
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Upon disturbance of their function by stress, mitochondria can signal to the nucleus to steer the
expression of responsive genes. This mitochondria-to-nucleus communication is often referred to as
mitochondrial retrograde signaling (MRS). Through meta-analysis of transcriptome data, we detected
a set of genes that are common and robust targets of MRS and used them as a bait to identify its
transcriptional regulators. In the upstream regions of these mitochondrial dysfunction stimulon
(MDS) genes, we found a cis-regulatory element, the mitochondrial dysfunction motif (MDM), which
is necessary and sufficient for gene expression under various mitochondrial perturbation conditions.
Through yeast one-hybrid analysis and electrophoretic mobility shift assays, we revealed that the
transmembrane domain-containing no apical meristem/Arabidopsis transcription activation
factor/cup-shaped cotyledon transcription factors (ANAC013, ANAC016, ANAC017, ANAC053, and
ANAC078) bound to the MDM cis-regulatory element. These NAC transcription factors are targeted
to the endoplasmic reticulum (ER) through their C-terminal transmembrane domain. For ANAC017,
we have shown that the N-terminal part can migrate to the nucleus, whereas the C-terminal end
remains in the ER, indicating proteolytic activation. ANAC013 and ANAC017 trigger increased
oxidative stress tolerance. In addition, we studied the relative importance of these five
transmembrane NACs to MRS and oxidative stress tolerance. Among them, ANAC017 is the main
regulator and also mediates specific chloroplast retrograde responses. In conclusion, we
characterized five transmembrane NACs as regulators of retrograde regulation of oxidative stress
responses in Arabidopsis thaliana.
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[P309] HOW DO GENETIC ALTERATIONS IN PLANT CELL WALLS RESULT IN JASMONATE
PRODUCTION?
Stefan Mielke1, Marlene Zimmer1, Debora Gasperini1
1
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Plant cells are surrounded by a dynamic cell wall structure that provides mechanical support for
growth and represents the first communication interface with the environment. To perform those
functions, the cell wall needs to be a highly adaptable system that senses external stimuli and
transmits them across the plasma membrane to initiate intracellular responses. Cell wall damage
caused by herbivory, necrotrophic pathogens and mechanical wounding trigger the production of
jasmonic acid (JA) and its bioactive isoleucine conjugate JA-Ile, which induce defense responses to
promote plant acclimation and survival. Furthermore, genetic or chemical perturbations of plant cell
walls can result in JA accumulation. However, it is still unknown how are cell wall-derived stress
signals perceived and transmitted intracellularly to initiate JA production. We found several
Arabidopsis mutant alleles of a cell wall biosynthesis regulating enzyme, with strong induction of JA
marker genes and elevated JA-Ile levels specifically in seedling roots. In order to identify molecular
players involved in the initiation of JA biosynthesis following cell wall alterations, we performed a
suppressor screen in this mutant background, and uncovered several new signaling components
linking altered cell walls to hormone biosynthesis. The functional characterization of those novel
players with respect to the JA pathway is in progress by evaluation of JA responses, investigation of
cell wall composition and identification of putative interaction partners, targets and ligands. Overall,
our efforts are aimed at better understanding how plant cells sense and decode extracellular stimuli
to initiate intracellular adaptive responses.
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[P310] GUARD CELL CO2 SIGNALING FOR MODULATING TRANSPIRATION
Kadri Tõldsepp1, Yana Sindarovska1, Hanna Hõrak1, Kaspar Koolmeister1, Yuh-Shuh Wang1, ChunhYueh Yeh1, Liina Jakobson1, Mikael Brosche2, Hannes Kollist1 1
1
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Adjustments of stomatal aperture in response to changing environmental conditions control gasexchange between plant and the atmosphere. The plant hormone abscisic acid (ABA) and elevated
CO2 are triggers of stomatal closure. There are only few regulators that impair the stomatal response
to elevated CO2, but not to ABA. Such are invaluable in unraveling the molecular mechanisms of early
CO2 signal transduction in guard cells. Recently, mutations in the Mitogen-Activated Protein (MAP)
kinase, MPK12, have been shown to partially impair CO2-induced stomatal closure. Here we show
that mpk12 plants, in which MPK4 is silenced specifically in guard cells (mpk12 mpk4GC double
mutant), completely lack CO2-induced stomatal responses and have severely impaired activation of
guard cell S-type anion channels in response to CO2/bicarbonate. However, ABA-induced stomatal
closure, S-type anion channel activation and marker gene expression remain intact in the mpk12
mpk4GC double mutant. These findings suggest that MPK12 and MPK4 act very early in CO2 signaling,
upstream of, or parallel to the convergence of CO2 and ABA signal transduction. The activities of
MPK4 and MPK12 protein kinases were not directly modulated by bicarbonate in vitro, suggesting
that they are not direct CO2/bicarbonate sensors. These data suggest a model for guard cell CO2
signaling where MPK12- and MPK4-dependent inhibition of HT1 is a major molecular control point of
CO2-induced stomatal regulation. Identification of the MPKs/HT1 mechanism is an important step in
providing molecular tools that can be used to modulate water flux in a CO2-enriched atmosphere,
while maintaining responsiveness to other environmental factors.
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[P311] CIPK-MEDIATED PHOSPHORYLATION PROMOTES IRON ACQUISITION BY MODULATING THE
ACTIVITY OF THE TRANSCRIPTION FACTOR FIT
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Petra Bauer1 4, Tzvetina Brumbarova1
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3
University of Münster, Institute of Inorganic and Analytical Chemistry, Münster, Germany
4
Heinrich-Heine University, Cluster of Excellence on Plant Sciences, Düsseldorf, Germany
Iron (Fe) is of crucial importance for the growth and development of plants, and hence for human
food security. In order to utilize the highly abundant but poorly bioavailable Fe from the soil,
Arabidopsis employs a strategy for active solubilization and acquisition of Fe. The bHLH transcription
factor FER-LIKE IRON DEFICIENCY-INDUCED TRANSCRIPTION FACTOR (FIT) is a key regulator of this
process and undergoes post-translational activation upon low Fe availability. However, the molecular
mechanism discriminating between active and inactive FIT forms in response to internal and external
signals is still poorly understood.
CBL-INTERACTING PROTEIN KINASES (CIPKs) decode Ca2+ signals elicited by different environmental
stimuli. Based on protein interaction screens, we show that CIPK11 interacts with FIT and modulates
FIT activity by phosphorylation. Cytosolic Ca2+ concentration and CIPK11 expression are induced by Fe
deficiency. cipk11 mutant plants display compromised root Fe mobilization and seed Fe content.
Mutations of the CIPK11 phosphorylation target site modulate cellular and in planta FIT nuclear
accumulation, homo-dimerization, interaction with bHLH039 and transcriptional activity, and affect
the plant’s Fe uptake ability. We propose that Ca2+-triggered CBL-mediated activation of CIPK11 and
subsequent phosphorylation of FIT shifts inactive into active FIT, allowing regulatory protein
interactions in the nucleus.
Thus, the provided biochemical link between Fe deficiency response regulation and the cellular Ca2+
decoding machinery represents an environment-sensing mechanism to adjust nutrient uptake.
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[P312] MOLECULAR CHARACTERISTICS OF RHO-OF-PLANTS (ROP) G-PROTEIN-ACTIVATED
RECEPTOR-LIKE CYTOPLASMIC KINASES OF ARABIDOPSIS
Dézi Bianka Lajkó1, Ildikó Valkai1, Dalma Ménesi1, Gyorgyi Ferenc1, Ferhan Ayaydin1, Feher Attila1 2
1
Biological Research Centre HAS, Institute of Plant Biology, Szeged, Hungary
2
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Rho-of-plants (ROP) G-proteins are implicated in the regulation of various cellular processes. The
ROPs can bind and hydrolyse GTP and act as two-state molecular switches. In the GTP-bound form,
they can activate signaling pathways via effector proteins. Plant-specific ROP effectors are implicated
in processes such as cell wall remodelling, cell polarity, cell growth/shape, plant-pathogen
interactions, and hormonal responses. In our laboratory, we investigate a group of plant-specific
receptor-like cytoplasmic kinases (RLCK VI_A) exhibiting ROP-binding-dependent in vitro activity.
These kinases do not possess any known GTPase-binding motifs. Based on the sequence comparison
of ROP-activated RLCK VI_A and closely related but constitutively active RLCK VI_B kinases, several
distinguishing amino acid residues/motifs were identified. All but one of these were found to be
required for ROP-mediated in vitro activity of two RLCK VI_A kinases. Structural modelling indicated
that these amino acid motifs may form a common ROP-binding surface of the RLCKVI_A kinases.
Bimolecular fluorescence complementation (BiFC) assay was used to confirm that the wild type but
not the ROP-binding-mutant kinases could interact with the constitutively active ROP1 protein in
tobacco pollen tubes. This agreed with the yeast two hybrid and in vitro kinase activity data. In silico
analysis revealed that kinases having the identified ROP-binding motifs are present in Embryophyta
but not in unicellular green algae. It can be supposed that ROPs recruited these plant-specific kinases
for signaling at an early stage of land plant evolution. Furthermore, the results indicate a unique
mechanism for Rho-type GTPase-mediated kinase activation in plants.
Lajkó, D.B. et al. In silico identification and experimental validation of amino acid motifs required for
the Rho-of-plants GTPase-mediated activation of receptor-like cytoplasmic kinases. Plant Cell Rep
(2018) 37:627
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[P313] TGA1 AND TGA4 DEPENDENT GENE REGULATION DURING SALICYLIC ACID ACTIVATED
DEFENSE SIGNALING
Jelena Budimir1, Corinna Thurow1, Christiane Gatz1
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Physiology, Göttingen, Germany
TGA1 and TGA4 are members of TGA family of basic leucine zipper transcription factors known to be
involved in pathogen-activated immune responses. Upon infection with the hemibiotrophic
pathogen Pseudomonas syringae, tga1 tga4 mutant plants show increased susceptibility compared
to wild type plants. Recently, SARD1 (SYSTEMIC AQUIRED RESISTANCE DEFICIENT 1), an important
activator of the biosynthesis of the defense hormone salicylic acid (SA), was identified as a target
gene of TGA1 and TGA4. Since TGA1 is described to be redox-modulated in SA-treated plants, the
aim of this study was to identify target genes of TGA1 and TGA4 downstream of SA. In order to
eliminate SARD1-dependent effects on SA synthesis during the experiment, we used the salicylic acid
biosynthesis mutant sid2 and the sid2 tga1 tga4 triple mutant for RNAseq analysis. Plants were
grown for 4 weeks and samples were collected 8 and 24 hours after SA treatment. We have
identified 207 (8h) and 239 (24h) SA-induced genes, including the well-known immune regulators
EDS1 and PAD4, that are less expressed in sid2 tga1 tga4 than in sid2. However, these genes are also
less expressed in mock-treated samples, indicating that TGA1 and TGA4 are rather amplifiers of a yet
unknown SA-triggered event than SA-switchable transcription factors. Based on TGA binding sites in
the promoter region, we have identified potential direct target genes of TGA1a. These genes show
lower expression in sid2 tga1 tga4 than in sid2 plants under both conditions. Chromatin
immunoprecipitation experiments will provide information of in vivo binding of TGA1 to the
promoter of potential target genes.
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[P314] POST-TRANSLATIONAL REGULATION OF THE NUCLEAR POLY(ADP-RIBOSE)-BINDING
PROTEIN RCD1
Julia Vainonen1, Alexey Shapiguzov1, Julia Krasensky-Wrzaczek1, Iulia Danciu2, Pinja Jaspers1, Natalia
Battchikova3, Michael Wrzaczek1, Claudia Jonak4, Jaakko Kangasjärvi1
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RCD1 from Arabidopsis thaliana has been identified as nuclear-localized transcriptional co-regulator.
It interacts with a large variety of transcription factors, and therefore is able to regulate a multitude
of physiological processes. Despite numerous studies on RCD1, mechanistic details of how RCD1
senses signals and is regulated still remains elusive.
To address this question, we are combining detailed analyses on RCD1’s protein structure,
localization, and post translational modifications. RCD1 is a multidomain protein. The C-terminal RST
domain is required for transcription factor binding and is indispensable for RCD1’s function.
Surprisingly, however, the C-terminus alone is able to complement rcd1 mutant phenotypes plants
only partially. This suggests that the RST domain functions as executive part, while the rest of the
protein is required to regulate and coordinate RCD1 to provide specificity. The N-terminal WWE
domain has been characterized in other organisms to aid protein-protein interactions and is unique
to RCD1 and the other members of the SRO family among the plant kingdom. The central PARP-like
domain resembles the catalytic domain of poly(ADP-ribose)(PAR)-polymerase(PARP). PAR attached
to proteins functions as post-translational modification and has been linked to stress responses. Our
in vitro results demonstrate that RCD1 is able to bind PAR with its WWE-PARP module. Interestingly,
our yeast-two-hybrid data suggest that this module also enables RCD1 dimerization. Furthermore, in
vivo studies using domain deletion mutants have revealed that the WWE-PARP module is affecting
RCD1’s sub-nuclear localization pattern. Thus, we hypothesize that RCD1 is forming PAR-dependent
dimers at specific nuclear loci.
Additionally, we have found that RCD1 is subjected to post-translational modifications, including
redox regulation and phosphorylation. These modifications appear to regulate RCD1’s stability and
localization. We are performing mutation analyses and comprehensive phenotyping under different
growth and stress conditions to shed light onto RCD1’s regulation.

Yes

446

[P315] REDOX REGULATION OF NUCLEAR GENE EXPRESSION
Richard Gossens1 2, Alexey Shapiguzov1 2, Jaakko Kangasjärvi1 2
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The redox state of molecules in plants is constantly changing in response to the environment. During
environmental stresses, production of reactive oxygen species (ROS) tend to be higher, this drives
oxidation of a plethora of molecules. ROS have a short lifetime and are chemically reduced by
antioxidant molecules. This scavenging prevents ROS from damaging important biomolecules (e.g.
DNA). The same ROS however also yields cues for plants, as ROS formation leads to changes in
nuclear transcription. Therefore, scavenging of ROS goes together with ROS signalling. It remains
largely unanswered however, how ROS produced in peroxisomes, mitochondria or chloroplasts reach
the nucleus to affect gene expression. Glutathione peroxidases form one class of ROS-processing
enzymes. These enzymes scavenge ROS and can then relay their oxidative state by resolving
disulphide bridges of different proteins, thereby acting as transmitters of the ROS signal into the
nucleus. Furthermore, Arabidopsis transcriptional regulator RCD1 as well as its yeast functional
homolog YAP1, have been shown to interact with glutathione peroxidases in yeast two-hybrid
systems. Therefore, RCD1 may act as the receiver of ROS-related signals in the nucleus. To
understand the molecular details of this pathway, we are studying the interaction of RCD1 with
glutathione peroxidases in vitro and vivo. In vitro, the effect of the interaction will be probed by
dimedone-based labelling. In vivo interaction will be assessed by FRET-FLIM. Another possible means
for ROS to reach the nucleus is through physical proximity of the organelles. Protrusions of the
chloroplast envelope, named stromules, may directly reach nuclear pores in certain environmental
conditions. Via the stromules, chloroplastic produced ROS could find its way to the nucleus and
directly affect gene expression. We build reporters to study stromule dynamics and H2O2 abundance,
which will be studied in vivo in mutants and under treatments related to ROS processing.
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[P316] ELEMENTS INVOLVED IN THE GROWTH-DEFENSE TRADE OFF IN ARABIDOPSIS PLANTS
CONDITIONALLY ALTERED IN THE LEVELS OF CELL WALL-DERIVED DAMAGE-ASSOCIATED
MOLECULAR PATTERNS (DAMPS)
Federica Locci1, Lucia Marti1, Felice Cervone1, Giulia De Lorenzo1
1
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To defend themselves against biotic and abiotic stresses, plants rely on their innate immunity system,
composed by two layers: PTI (Pattern-Triggered Immunity) and Effector-Triggered Immunity (ETI).
PTI is activated upon sensing PAMPs (Pathogen-Associated Molecular Patterns) and DAMPs
(Damage-Associated Molecular Patterns), whereas the ETI is induced by pathogen effectors that are
recognized by Resistance (R) proteins, the majority of which is represented by nucleotide–binding
leucine-rich repeat (NB-LRR) proteins. Oligogalacturonides (OGs) are a well-known class of DAMPs
that are released upon degradation of homogalacturonan in the plant cell wall. Notably, OGs and
PAMPs trigger very similar defense responses, including the induction of an oxidative burst and the
phosphorylation of MAPK3 and MAPK6. The accumulation of OGs in vivo is favored by the interaction
of microbial PGs with plant-derived inhibitors (PGIPs). Transgenic plants expressing an inducible
PGIP-PG chimera, named “OG machine” (OGM) have been generated, which are capable of
generating OGs that activate PTI. High levels of OGM expression lead to inhibition of growth and
eventually plant death. In this work we tried to understand the mechanisms underlying the
deleterious effects of the action of OGM. To genetically dissect the pathways involved in the
responses to OGM, we crossed the inducible OGM plants with lines mutated or altered in immunityrelated transduction or response elements (e.g. ndr1-1, eds1-2, mpk6, NahG, rbohd). Our results
show that EDS1, RBOHD and salicylic acid are involved in the detrimental effects caused by OGM,
whereas NDR1 and MPK6 are dispensable.
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[P317] EVIDENCE OF POST-TRANSLATIONAL CO-REGULATION OF THE MULTI-STRESS INDUSED TSPO
AND THE IRON AND METAL TRANSPORTER IRT1 IN ARABIDOPSIS THALIANA
Haitham Ayeb1, Pawel Jurkiewicz1, Walid Zorrig2, Chedly Abdelly2, Henri Batoko1
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The Arabidopsis thaliana Translocator protein (AtTSPO) is transiently induced by many
environmental cues including osmotic and salt stresses. Expressed AtTSPO is localized in the
endoplasmic reticulum (ER) and the Golgi stacks of the plant cell. The presence of AtTSPO in the cell
is tightly regulated. Induced AtTSPO is rapidly degraded, becoming undetectable after 48-72 hours
post-induction. It was shown that degradation of AtTSPO requires non-covalent heme binding and
the protein is degraded through a selective autophagy pathway. AtTSPO-dependent heme
degradation in the vacuole could contribute to iron recycling by the plant cell under stressful
conditions. In this work, we demonstrate that constitutive expression of AtTSPO in transgenic A.
thaliana plants decreases the levels of the plasma membrane IRON-REGULATED TRANSPORTER 1
(AtIRT1) in the root cells during standard growth conditions but also during iron deficiency. Heme
binding by AtTSPO requires an histidine residue at position 91. Substitution of this residue with
alanine (H91A) results in a relatively stable variant of AtTSPO. Overexpression of the AtTSPO(H91A)
variant resulted in transgenic plants with undetectable level of IRT1 in the root, suggesting that the
possible regulation of IRT1 levels by AtTSPO is not dependent upon heme binding and degradation.
Fluorescent imaging approaches showed that when co-expressed, AtTSPO and IRT1 appear to partly
colocalize in the ER and Golgi membranes, suggesting a possible protein-protein interaction. AtTSPO
is also transiently induced in the root by iron deficiency, and interestingly, constitutive expression of
IRT1 induces AtTSPO expression. Taken together, these findings suggest that expressed AtTSPO is
involved in iron homeostasis through the coregulation of active levels of the iron transporter IRT1 in
the plant cell.
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[P318] AN ARABIDOPSIS CLATHRIN ASSEMBLY PROTEIN WITH A PREDICTED ROLE IN PLANT
DEFENSE CAN FUNCTION AS AN ADENYLATE CYCLASE
Oziniel Ruzvidzo1, Patience Chatukuta1, Tshegofatso Dikobe1, David Kawadza1, Katlego Sehlabane1,
Mutsa Takundwa1, Aloysius Wong2, Chris Gehring3
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Adenylate cyclases (ACs), much like guanylate cyclases (GCs), are increasingly recognized as an
essential component of many plant processes, including biotic and abiotic stress responses. In order
to identify novel ACs, we have applied a search motif derived from experimentally tested GCs and
identified a number of Arabidopsis thaliana candidates, including a clathrin assembly protein
(AT1G68110; AtClAP). AtClAP contains a catalytic center that can complement the AC-deficient
mutant cyaA in E. coli, and a recombinant AtClAP fragment (AtClAP261-379) can produce cyclic
adenosine 3ʹ,5ʹ-monophosphate (cAMP) from adenosine 5ʹ-triphosphate (ATP) in vitro and
endogenously. Furthermore, an integrated analysis of gene expression and expression correlation
implicate cAMP in pathogen defense and in actin cytoskeletal remodelling during endocytic
internalization.
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[P319] MOLECULAR ELUCIDATION OF THE DUAL FUNCTIONAL PROPERTIES OF A TRUNCATED
ARABIDOPSIS PENTATRICOPEPTIDE REPEAT PROTEIN
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Cell signaling in plants is primarily mediated by two special group of enzymes termed kinases and
adenylate cyclases (ACs) which are known to systemically affect homeostasis in plants. Adenylate
cyclases are capable of converting adenosine-5ʹ- triphosphate (ATP) to the second messenger, cyclic
3ʹ,5ʹ- adenosine monophosphate (cAMP) which is involved in a variety of physiological and
developmental processes in organisms, while kinases are responsible for phosphorylating other
proteins (including themselves) through the various modifications on amino acid residues. While
several kinases and number of ACs have been identified, no study has ever reported presence of a
plant molecule possessing both functions. This research focused on a protein molecule that utilized
various molecular strategies such as over-expression of specific and target genes, enzymes to confer
increased resistance/tolerance to stress factors. To understand the exact physiological and biological
roles of ACs and kinases in higher plants, we have applied a search motif derived from experimentally
tested guanylate cyclases (GCs) and identified a number of Arabidopsis thaliana candidates including
a pentatricopeptide repeat protein (AT1G62590; AtPPR-AC/K).with two annotated catalytic domains;
the AC and kinase. To elucidate its possible functionality a bioinformatic query of this twin domain
protein, followed by its cloning, recombinant expression, complementation test in mutant E. coli
cyaA, endogenous assaying, affinity purification, and functional in vitro AC and kinase activities were
conducted. Findings of this study established this novel protein as the first bona fide bi-functional
soluble adenylate cyclase (sAC) plant molecule, possessing both the AC and kinase activities thus
becoming the first ever higher plant protein to possess dual functional property. Furthermore
showed that the AtPPR is essentially involved in critical plant biological processes such as growth,
development and response to environmental stress factors. AtPPR derived functions can be
potentially used for the improvement of agronomically important crops and ultimately alleviate
hunger.
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[P320] THE ARABIDOPSIS THALIANA MATERNAL EFFECT EBRYO ARREST PROTEIN (MEE) CONTAINS
A DOMAIN THAT FUNCTIONS AS AN ADENYLATE CYCLASE
Dave Kawadza1 1, Oziniel Ruzvidzo2
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Climate change and adverse environmental conditions are likely to continue, an urgent need to use
rational and system-based approach to develop crop plants with increased tolerance to
environmental fluctuations arises. As such effective biotechnological solutions must be sought. Part
of this approach involves the study of a adenylate cyclases (AC) that are thought to systemically
affect homeostasis in plants. Adenylate cyclases are enzymes that convert adenosine 5’-triphosphate
to the second messenger cyclic 3’, 5’-adenosine monophosphate (cAMP). In animals and lower
eukaryotes, ACs and their product cAMP have firmly been established as important and ubiquitous
signaling molecules with important roles in several cellular signal transduction pathways. In higher
plants that aspect in cellular signalling has not been experimentally confirmed. A number of
candidate AC-encoding genes in the Arabidopsis genome were proposed based on functionally
assigned amino acids in the catalytic centre of annotated and / or experimentally tested nucleotide
cyclases in lower and higher eukaryotes. Here we detail the cloning and functional characterization of
a candidate AC domain from Arabidopsis thaliana in the form of maternal effect embryo arrest
protein (MEE-AC; At2g34780). The recombinant MEE-AC was thoroughly prescreened and
functionally evaluated for its possible in vitro and / or in vivo adenylate cyclase activities. Through a
series of tests including an endogenous assay, complementation tests and enzyme immunoassays,
we were able to determine that the recombinant MEE-AC does act like a soluble AC. Computerbased findings from other tests and assays all indicate that AtMEE-AC does possess some functional
adenylate cyclase activities and is therefore, a higher plant adenylate cyclase with roles in cellsignaling and transduction systems.
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[P321] GLRS CONTROL CALCIUM FLUXES IN WOUNDED TISSUES
Chi Tam Nguyen1 2, Andrzej Kurenda2, Stéphanie Stolz2, Aurore Chételat2, Ted Farmer2
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In Arabidopsis, clade 3 Glutamate Receptor-Like Proteins (GLRs) play important roles in propagating
long-distance electrical signals generated in wounded leaves. Recent results from the lab point to
possible roles of calcium signaling in the wound response. Moreover, it has been shown that several
GLRs are calcium-permeable channels. We therefore addressed the question: Do GLRs affect the Ca2+
signature in tissues distal to wounds? To address this, we employed the calcium biosensor GCaMP3
as a tool to monitor the Ca2+ changes in different glr mutants. Calcium imaging coupled with
membrane potential recording shows that Ca2+ changes in the cytosol are affected in the glr mutants.
We showed that each glr mutant differently reduces the amplitude of the Ca2+ wave. Interestingly,
distal cytosolic Ca2+ concentration changes are abolished in different glr double mutant backgrounds
accordingly with the suppression of membrane potential changes in leaves distal to the wound. Our
results show a unique temporal and spatial relationship of membrane potential changes and Ca2+
signals in wounded plant.
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[P322] MEASURMENT OF CALCIUM-DEPENDENT PROTEIN KINASE (CDPK) CONFORMATIONAL
CHANGE AND KINASE ACTIVITY UNTANGLES THE PARADOX OF A CALCIUM-INDEPENDENT
CALCIUM-DEPENDENT PROTEIN KINASE
Anja Liese1, Bernadette Eichstädt1, Philipp Schulz1 2, Waltraud Schulze3, Kai R. Konrad4, Tina Romeis1
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CDPKs (CPKs in A. thaliana) are mono-molecular calcium-sensor/protein kinase effector proteins,
which perceive calcium signals and translate them into protein phosphorylation. Calcium binding to
the calcium sensing calmodulin-like domain (CLD) lead to a subsequent refolding and activation of
the CDPK. Until now the analysis of CDPK conformational changes is hampered by the fact that
calcium-dependent activation measurements are restricted to in vitro methods. Therefore, we
established a ratiometric FRET-based reporter enabling in vitro and in vivo CDPK conformational
change measurement. In vitro conformational change measurements of CPK21, a strictly calcium
dependent CPK, displayed enhanced FRET efficiency with increasing calcium concentrations. CPK23, a
rather calcium-insensitive homolog of CPK21 shows significantly weaker calcium-induced FRET
efficiency changes. For both CPKs the calcium concentration necessary for half maximal
conformational change correlates well with the calcium concentration necessary for half maximal
activity. To mechanistically understand what renders a CDPK isoform responsive to calcium we
generated CPK23/CPK21 chimeras in addition to several selected point mutants. Remarkably, a single
amino acid within the pseudo-substrate segment has been identified, which is subjected to stimulusinduced CDPK auto-phosphorylation, and which represents a crucial determinant of calciumresponsiveness of kinase activity and conformational change. A major benefit of FRET measurements
is their ability for quantification of the conformational change in vitro but also in vivo. In vivo
measurements reveal differences between CDPK-FRET constructs where calcium sensitivities mirror
the determined calcium affinities in vitro. This highlights in vivo FRET as a powerful tool to address
the biochemical activation of CDPKs in response to specific calcium signals in vivo.
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[P323] GENETIC CONTROLS OF SHORT- AND LONG-TERM STOMATAL CO2 RESPONSES IN
ARABIDOPSIS THALIANA
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Stomata regulate the gas exchange between plant and atmosphere, balancing CO2 uptake against
transpiration. A transient increase in atmospheric CO2 concentration causes partial stomatal closure
in most plant species, which reduces transpiration and improves water economy. However, there is a
large variation in the magnitude of this response among species and ecotypes and the underlying
genetic variation is poorly understood. Moreover, the potential links between short- and long-term
stomatal CO2 responses have not been explored on a molecular level. We used A. thaliana
recombinant inbred lines (RILs) originating from the accessions Col-0 (strong CO2 response) and C24
(weak CO2 response) to study short-and long-term controls of stomatal conductance (gs) to elevated
CO2. Plants were grown in ambient and elevated CO2 and gas exchange measurements were used to
quantify short- and long-term responses of gs to elevated CO2. Quantitative trait locus (QTL) mapping
was used to identify loci controlling short- and long-term gs responses to elevated CO2. Short- and
long-term responses were significantly correlated among the studied lines and we identified a major
QTL controlling both responses. The stomatal response to ABA of RILs with the strongest and
weakest CO2 responses showed no correlation with the CO2 response, suggesting that the major QTL
is CO2-specific. The location of the QTL at the end of chromosome 2 was confirmed using
introgression lines and the region was fine-mapped to a 410 kb region using RILs. This region contains
the MPK12 gene which encodes a kinase involved in CO2-induced stomatal closure, but no sequence
polymorphisms were found between Col-0 and C24 in MPK12 that could explain the phenotypic
difference. No other known genes involved in stomatal CO2 response are present in the region. Thus,
our results point to the presence of a novel component involved in stomatal CO2 signalling that
underlies the identified QTL.
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[P324] IS UPREGULATION OF THE ABA CASCADE THE REASON FOR SUSCEPTIBILITY IN TGA1TGA4 MUTANTS ?
Aswin Nair Anadath Kizhakkaveettil1, Corinna Thurrow1, Christiane Gatz1
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Clade 1 TGA transcription factors TGA1 and 4 contribute to plant immunity partly by promoting the expression
of SYSTEMIC ACQUIRED RESISTANCE 1 (SARD1), which in turn regulates genes involved in the biosynthesis of
salicylic acid and pipecolic acid, two phytohormones that are indispensable for plant immune response.
Abscisic acid (ABA) is another phytohormone that plays a role in plant growth and development; an increase in
the levels of foliar ABA is also observed during Pseudomonas syringae infection and has been linked to
pathogenicity. We observed that the susceptibility of tga1tga4 mutants to Pseudomonas is similar to the
susceptibility levels in wild type plants that are pre-treated with ABA. Gene expression analysis showed that a
sector of genes that are negative regulators of immunity and inducible by ABA is up regulated in naive
tga1tga4 mutant, suggesting a link between TGA transcription factors and ABA mediated disease susceptibility.
It is known that TGA1 interacts with the ABA receptor PYRABACTIN RESISTANCE-1 like 6 (PYL6). Based on these
observations we speculate two possibilities that could explain the putative connection between TGA
transcription factors and ABA signalling during defence response - 1) Pathogen infection leads to the
accumulation of ABA which then acts via PYL6 to prevent TGA1 from activating immune response through
SARD1, or - 2) PYL6 is repressed by TGA1; conditions leading to the inactivation of TGA1 leads to derepression
of PYL6 which then regulates gene expression via components of the classical ABA signalling cascade, or via
JASMONATE INSENSITIVE 1 (JIN1) , a transcription factor that interacts with PYL6. Data addressing these
hypotheses will be presented.
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[P325] DYNAMIC MODELING OF THE IRON DEFICIENCY MODULATED TRANSCRIPTOME RESPONSE
IN ARABIDOPSIS THALIANA ROOTS
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The iron deficiency response in plants is a complex biological process with a host of influencing
factors. The ability to precisely modulate this process at the transcriptome level would enable
genetic manipulations allowing plants to survive in nutritionally poor soils and accumulate increased
iron content in edible tissues. Despite the collected experimental data describing different aspects of
the iron deficiency response in plants, no attempts have been made towards aggregating this
information into a descriptive and predictive dynamic model of gene expression changes over time.
We combined existing knowledge and newly obtained experimental results to formulate and train a
dynamic model of the iron deficiency induced transcriptional response in Arabidopsis thaliana. Gene
activity dynamics were modeled with a set of Ordinary Differential Equations that contain biologically
tractable parameters. A Bayesian approach to model fitting allowed us to combine information from
time course, mRNA decay, and knockout mutant experiments for parameter training. We estimated
confidence regions associated with model predictions by applying uncertainty quantification analysis
and accounting for uneven sample variance. The trained model was able to capture and account for a
significant difference in mRNA decay rates under iron sufficient and iron deficient conditions,
approximate the expression behavior of currently unknown gene regulators, unveil potential
synergistic effects between the modulating transcription factors, and predict the effect of double
regulator mutants. The presented model is a substantive step towards predictive fine-tuning of
phenotypes of interest under iron deficiency. The associated modeling approach illustrates a
framework for experimental design, data analysis, and information aggregation in an effort to gain a
deeper understanding in various aspects of a biological process of interest.
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[P326] GENOME WIDE IDENTIFICATION FUNCTIONAL PREDICTION OF LONG NON-CODING RNA IN
BRASSICA RAPA
Parameswari Paul1, Vignesh Dhandapani1, Su Ryun Choi1, Yong Pyo Lim1
1
Chungnam National University, Horticulture, Daejeon, Rep. of South Korea
Long non-coding RNAs (LncRNAs) are a large, diverse class of RNA molecules that has garnered
attention for their potential to regulate gene expression and been identified in various organisms.
Here we report the first prediction of lncRNAs in Brassica rapa (B. rapa) genome using computational
method. We subjected the publicly available full length cDNA sequences and identified 2237
candidate lncRNAs, characterized their functions based on insilico methods. Housekeeping and small
regulatory non-coding RNAs (ncRNAs) were removed from the pool. Although 14-15 % of the total
sequences were predicted to be non-coding initially, on filtering only 4.6 % of the total sequences
were predicted as lncRNAs carrying a large number of simple repeats. The lncRNAs had an average
length of 497 bp and were mapped on each chromosome of B. rapa. They were classified to 4 groups
based on their origin. Thirty six motifs involving transcription related activities, signaling mechanism
and stress response were identified in the lncRNAs. Repeat elements and neighboring genes of the
lncRNAs were analyzed since they were associated in function and regulating the expression of these
long non-coding RNAs. We believe that this study would be an initial and reference for any further
studies regarding long non-coding RNAs in B. rapa and other Brassica crops.
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[P327] BASE RESOLUTION ATLASES OF THE ARABIDOPSIS CISTROME AND EPICISTROME
Carol Huang1 2 3, Ronan C. O'Malley2 3 4, Anna Bartlett3, Liang Song2, Joseph R. Ecker2 3 5
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We developed a high-throughput sequencing assay for rapid transcription factor binding site (TFBS)
discovery, DNA affinity purification sequencing (DAP-seq), that uses in vitro prepared transcription
factors (TFs) to capture native genomic DNA. We applied DAP-seq to 1,812 Arabidopsis thaliana TFs
to resolve motifs for 529 factors and genome-wide enrichment maps for 349 factors. Cumulatively,
the ~2.7 million experimentally-determined TFBSs captured the Arabidopsis cistrome and predicted
thousands of TF target genes enriched for known and novel functions. Notably, DAP-seq target genes
for many well-characterized hormone related TFs were enriched for Gene Ontology terms consistent
with their known functions. Comparison of DAP-seq and ChIP-seq datasets showed that DAP-seq
peaks predicted in vivo TF binding better than motif inference, potentially due to the ability of the
assay to directly capture the impact of primary sequence and DNA methylation on binding affinities
at individual TFBS. As a demonstration of the importance of genomic context, we showed that closely
spaced motifs significantly affected TF binding by developing a model for cooperative auxin response
factor (ARF) homodimer binding to complex motif repeats. Base-resolution epicistrome maps were
established by comparison of TF-binding to genomic DNA with native cytosine methylation patterns
and genomic DNA that had been synthetically demethylated. This revealed methylcytosine inhibited
binding of ~72% of factors and promoted binding of 4.3% of factors. Overall, DAP-seq enables rapid
development of base-resolution cistrome and epicistrome atlases for a wide-array of applications for
eukaryotic genomes.
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[P328] DEVELOPMENT OF DATABASE FOR ARABIDOPSIS TRANSPOSON-TAGGED MUTANT LINES IN RIKEN BRC
Satoshi Iuchi1, Masatomo Kobayashi1
1
RIKEN, BRC Plant Experimental Division, Tsukuba, Japan
RIKEN BRC (Bioresource Research Center) has joined the National Bioresource Project (NBRP) funded by the
Japanese government. The Experimental Plant Division of RIKEN BRC distributes the mutant lines of
Arabidopsis thaliana as well as cDNA clones and cell lines of various plants to the researchers around the world.
The Arabidopsis Transposon-tagged Mutant lines were generated by inserting maize Ds transposable element
using the Ac/Ds tagging system into the Arabidopsis genome, accession Nossen.
During the construction of the new database for Arabidopsis Ds transposon-tagged lines, we mapped each
flanking sequence of insertion site to Arabidopsis genome using CLC workbench (Qiagen). We employed a
schematic view of the insert region with direction of the Ds element to improve the visualization of the data.
This database is now available via the web site, https://plant.rtc.riken.jp/resource/ds_line/ds_line_list.html.
The page layout and functions of the database are still under the revision to ensure smooth access to the
resource information. Send your inquiry about the database and the Arabidopsis Ds transposon-tagged lines to
‘plant@brc.riken.jp’. Your comments and suggestions are highly appreciated.
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[P329] EIF4E-MEDIATED RESISTANCE TO VIRUSES: FROM NATURAL VARIATION TO SYNTHETIC
ALLELES
Jean-Luc Gallois1, Anna Bastet1 2, Nathalie Giovinazzo1, Camille Gauffier1, Christophe Robaglia2
1
INRA, GAFL, Montfavet, France
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Aix Marseille University, LGBP, Marseille, France
eIF4E translation initiation factors have emerged as major susceptibility factors for RNA viruses.
Natural eIF4E-based resistance alleles are found in many species and are mostly variants that
maintain the translation function of the protein. eIF4E genes represent major targets for engineering
viral resistance, and gene-editing technologies can be used to make up for the lack of natural
resistance alleles in some crops, often by knocking out eIF4E susceptibility factors. However, we
report here how redundancy among eIF4E genes can restrict the efficient use of knockout alleles in
breeding. We therefore discuss how gene-editing technologies can be used to design de novo
functional alleles, using knowledge about the natural evolution of eIF4E genes in different species, to
drive resistance to viruses without affecting plant physiology. As a proof of concept, we show in
Arabidopsis how such trans-species synthetic gene design allows resistance pyramiding and broad
spectrum engineering of virus resistance in plants at no yield loss.
References:
Gauffier et al., 2016, Plant J, http://dx.doi.org/10.1111/tpj.13136
Bastet et al, 2017, TiPS, https://doi.org/10.1016/j.tplants.2017.01.008
Bastet et al, 2018, Plant Biotech J, http://dx.doi.org/10.1111/pbi.12896
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[P330] TRANSLATING GEMINIVIRUS RESEARCH FROM MODEL ARABIDOPSIS-CABBAGE LEAF CURL
VIRUS PATHOSYSTEM TO FIELS CROP COTTON (GOSSYPIUM HIRSUTUM)
Syed Shan-e-Ali Zaidi1
1
Gembloux Agro-Bio Tech - University of Liège, Plant Genetics Lab, Gembloux, Belgium
Geminiviruses, whitefly (Bemisia tabaci) transmitted plant viruses, are considered among the most
important plant pathogens. Geminivirus-mediated cotton leaf curl disease (CLCuD) severely thwart
production of cotton, an economically important crop in the Indian subcontinent. Several limitations,
such as absence of efficient artificial infection system in cotton, has prevented rapid progression in
geminivirus research in cotton. On the other hand, Arabidopsis-Cabbage leaf curl virus (CaLCuV) has
served as an excellent model plant-pathosystem to understand proteins and pathways involved in
geminivirus attack and plant defence. This study aimed to look at the expression profile of set of G.
hirsutum genes that either suppressed or elevated upon geminivirus infection in Arabidopsis-CaLCuV
pathosystem. We selected susceptible and resistant cotton cultivars and performed RNA sequencing
followed by co-expression network and pathway analysis for regulation of geminivirus/betasatellite
interacting genes. While we identified nine novel modules, network topology led us to discover 52
hubs, highly connected genes, within the co-expression network. Analysis of these hubs indicated the
regulation of pathways involved in response to auxin stimulus and cellular localization. Genes
involved in plant defense including heat shock proteins, pathogenesis related PR1, and
hypersensitive responsive genes were differentially regulated. Geminivirus infection inducing
ubiquitin activating enzyme UBC3, transcription factor NAC1, ring finger protein RPK, NSP interacting
GTPase NIG and shaggy-related kinase SK were downregulated, while begomovirus infection
suppressing plant receptor-like kinases (RLKs), ribosomal protein RPL10 and S-adenosyl
homocysteine hydrolase SAHH were upregulated. Expression levels in RNA Seq were validated by
qPCR on 24 individual differentially expressed genes. Based on these analyses, we propose a
mechanism of geminivirus disease resistance in cotton. These results have important implications in
developing a durable resistance against CLCuD in cotton.
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[P331] EXPRESSION OF A CELL CYCLE REGULATOR FROM A BICISTRONIC TRANSCRIPT IN PLANTS

Laura Lorenzo Orts1, Janika Witthoeft2, Jacobo Martinez1, Sylvain Loubery1, Aleksandra Placzek2,
Ludwig A. Hothorn3, Yvon Jallais4, Michael Hothorn1
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2

Eukaryotic mRNAs frequently contain upstream open reading frames (uORFs), encoding small
peptides which may control the translation of the main ORF (mORF) by various mechanisms. We
report the identification of a bicistronic transcript in Arabidopsis, in which the uORF encodes an
ortholog of a cell cycle regulator previously thought to be absent from the plant lineage. While
disruption of the mORF does not cause any major phenotype under our tested conditions, knock-out
mutants of the uORF are embryo lethal. Immunoprecipitation assays followed by mass-spectrometry
identified the uORF-encoded protein as a member of an E3-ubiquin ligase complex required for cell
cycle progression. The two ORFs are translated together from a single transcript in all the plant
lineage. Generation of specific antibodies against the two proteins allowed us to follow protein
expression throughout the plant’s life cycle. Even though there is no apparent biochemical or
physiological connection between the two gene products, concerted transcription and translation
occurs in different organs. Indeed, downstream sequences of the bicistronic transcript (mORF and
3’UTR) mediate the translation of the uORF. Also, translation of the uORF promotes the degradation
of its own transcript by nonsense-mediated decay (NMD), adding an additional layer of regulation.
Our work reveals that uORFs may code for functional proteins not involved in the translational
regulation of the mORF.
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[P332] ARABIDOPSIS SEED RESEARCH TO MODIFY GERMINATION AND RESERVE ACCUMULATION
IN CROP GRAINS
Mariko Nonogaki1, Hiroyuki Nonogaki1
1
Oregon State University, Department of Horticulture, Corvallis, United States
Our understanding of the mechanisms of seed development and germination has been greatly
advanced through Arabidopsis research, which can be translated into crop species. We will present
the outcomes of our Arabidopsis seed research in the context of translational biology. We created
chemically inducible lines for nine-cis-epoxycarotenoid dioxygenase 6 (NCED6), an ABA biosynthesis
gene, which were able to suppress germination upon ligand treatment. This system was further
advanced by the expression of sorghum NCED with the wheat Early Methionine promoter, a seedspecific and ABA responsive promoter. This approach triggered positive-feedback regulation and
caused hyperdormancy without requiring chemical induction. These findings offered a potential of
technology development for the prevention of precocious germination, such as preharvest sprouting
in cereal crops and are being translated into wheat and barley in international collaborations. RNAseq using the NCED6-inducible lines identified DOGL4 (DOG1-LIKE4), a homolog of DELAY OF
GERMNATON1, as an ABA-inducible gene. Unlike DOG1, DOGL4 is not significantly involved in seed
dormancy. Instead, it acts as a major regulator of seed reserve accumulation. Now, this potential is
being examined in soybean in another international collaboration. The divergence between DOG1
and DOGL4 in terms of the seed dormancy and maturation programs, which was found in this study,
also contributes to basic seed biology, demonstrating the synergy between basic and translational
research.
*A similar abstract has been submitted to Plant Biology Europe, Copenhagen, Denmark, June 18-21,
2018.
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[P333] TRANSLATIONAL CONTROL BY RNA G-QUADRUPLEX/ZINC-FINGER PROTEIN SPECIFIES
PHLOEM DIFFERENTIATION
Hyun Seob Cho1, Hoyoung Nam2, Chanyoung Park1, Heejae Nam1, Ildoo Hwang1
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Pohang University of Science and Technology, Division of Integrative Bioscience and Biotechnology,
Pohang, Rep. of South Korea
The emergence of a plant vascular system was a prerequisite for the colonization of land; however, it
is unclear how the photosynthate transporting system was established during plant evolution. Here,
we identify a novel translational regulatory module for phloem development involving the zinc-finger
protein JULGI (JUL) and its targets, the 5'UTRs of the SUPPRESSOR OF MAX2 1-LIKE4/5 (SMXL4/5)
mRNAs, which is exclusively conserved in vascular plants. JUL directly binds and induces an RNA Gquadruplex in the 5'UTR of SMXL4/5, which are key promoters of phloem differentiation. We show
that RNA G-quadruplex formation suppresses SMXL4/5 translation and restricts phloem
differentiation. We propose that the translational regulation by JUL/5'UTR G-quadruplex module is a
major determinant of phloem establishment and that this mechanism was as a key invention during
the emergence of vascular plants.
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[P334] ONE CONSTRUCT ALLOWS FOR INDEPENDENT CONTROL OF THREE TRANSACTIVATION SYSTEMS IN
ARABIDOPSIS
Menno Pijnenburg1, Sjoerd Woudenberg1, Ben Scheres1, Renze Heidstra1
1
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Inducible transactivation systems allow for the expression of single or multiple transgenes in a host in response
to a specific chemical inducer. In addition, these systems all allow for the control of the expression of its targets
in time, location and induction strength. Moreover, combining multiple transactivation systems in a single plant
allows for multiple groups of transgenes to be controlled separately. Several different chemical transactivation
systems have been created for use in Arabidopsis, e.g. the ethanol switch, dexamethasone-sensitive Gal4-UAS,
17-β-oestradiol-sensitive XVE-LexA and methoxyfenozide-sensitive VGE-UAS, and variants of these systems.
Although the combination of two inducible systems is reported, the application of multiple combined
transactivation systems remains largely unexplored. Independent control of multiple transactivation systems
can facilitate research, allowing many interactions to be studied from a single flexible construct, e.g. research
of the effects of timing of expression of different factors within a process, synergistic effects of expression of
multiple factors, or sequential induction of different groups of genes.
We designed a genetic construct combining the XVE-lexA, LhGR-pOP and bipartite VGE-UAS transactivation
systems by Golden Gate cloning. The construct is tested for its ability to independently transactivate the
expression of its own unique reporter protein in response to the addition of its unique chemical inducer.
Effects of the construct are being tested in a transient Nicothiana benthamiana assay and in stably transformed
Arabidopsis, and results observed by confocal microscopy.
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