20th International Conference on Arabidopsis Research

30th June - 4th July 2009

Edinburgh 2009 Conference

Edinburgh, Scotland, United Kingdom

Welcome
Dear Delegate,
Welcome to the 20th International Conference for Arabidopsis Research (ICAR).
Following on from previous conferences in Montréal, Beijing and Madison, we are celebrating
the 20th Anniversary of ICAR in the beautiful and historic city of Edinburgh.
From its inception, ICAR has brought together scientists from across the globe to meet and
discuss their work and establish new collaborations and ventures and I hope that this years’
meeting will continue to fulfil these ideals.
The conference has attracted over 850 delegates from more than 37 countries. There will be
over 70 lectures and approximately 600 posters reflecting the wealth and breadth of Arabidopsis
research that is undertaken across the world.
I would like to thank all the Chairs of the scientific sessions and members of the organising
committee for their help and enthusiasm in preparing the programme. I would also like to thank
the BBSRC and other sponsors for their kind support.
I hope you enjoy the 20th ICAR and your stay in Edinburgh.

Ruth Bastow
On behalf of the UK Scientific and Organising Committee
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At a Glance Programme
Tuesday 30th June 2009
14:00 - 19:00
16:00 - 17:30
17:30 - 19:00
19:00 - 21:00

Registration
Workshops
Opening Ceremony and Keynote Lectures
Welcome Drinks Reception

08:00 - 18:00
09:00 - 10:30
10:30 - 11:00
11:00 - 12:30
12:30 - 14:00
14:00 - 15:30
14:00 - 15:35
15:30 - 16:00
16:00 - 18:00
16:00 - 18:00
18:00 - 20:00

Registration
Plenary Session 1
Refreshment Break, Posters and Exhibition
Plenary Session 2
Lunch, Posters and Exhibition
Concurrent Session A
Concurrent Session B
Refreshment Break, Posters and Exhibition
Concurrent Session C
Concurrent Session D
Poster Session 1

08:30 - 18:00
09:00 - 10:30
10:30 - 11:00
11:00 - 12:30
12:30 - 14:00
14:00 - 16:00
14:00 - 16:00
16:00 - 16:30
16:30 - 18:00
18:00 - 20:00

Registration
Plenary Session 3
Refreshment Break, Posters and Exhibition
Plenary Session 4
Lunch, Posters and Exhibition
Concurrent Session E
Concurrent Session F
Refreshment Break, Posters and Exhibition
Workshops
Poster Session 2

08:30 - 18:00
09:00 - 10:30
10:30 - 11:00
11:00 - 12:30
12:30 - 13:30
12:30 - 14:00
18:00 - 20:00

Registration
Plenary Session 5
Refreshment Break, Posters and Exhibition
Plenary Session 6
International Vision for Plant Science 2009
Lunch, Posters and Exhibition
Poster Session 3

08:30 - 18:00
09:00 - 10:30
10:30 - 11:00
11:00 - 12:30
12:30 - 14:00
14:00 - 16:00
14:00 - 15:45
15:45 - 16:30
16:30 - 18:00
19:30 - 23:00

Registration
Plenary Session 7
Refreshment Break, Posters and Exhibition
Plenary Session 8
Lunch, Posters and Exhibition
Concurrent Session G
Concurrent Session H
Refreshment Break, Posters and Exhibition
Workshops
ICAR 2009 Conference Dinner

Wednesday 1st July 2009

Thursday 2nd July 2009

Friday 3rd July 2009

Saturday 4th July 2009
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ICAR 2009 Programme
Tuesday 30th June 2009
14:00 - 19:00

ICAR 2009 Registration

16:00 - 17:30

Workshops

Strathblane Hall

1. Plant Proteomics - Breakthroughs in studying
intra-cellular dynamics and environmental response
in the Arabidopsis proteome
2. Assaying for hallmark features of Programmed
Cell Death

Moorfoot

3. Quantitative modelling of signalling systems
(This workshop will start at 15:45)

17:30 - 19:00

Opening Ceremony and Keynote Lectures

Tinto

Kilsyth

Pentland Auditorium

Prof Andrew Millar - University of Edinburgh, UK
Welcome

Prof David Baulcombe FRS - University of Cambridge, UK
Food for thought or thought for food?

Prof Wayne Powell - IBERS, University of Aberystwyth, UK
The role and importance of crop science and plant breeding

19:00 - 21:00

Welcome Drinks Reception
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Strathblane and
Cromdale Halls

ICAR 2009 Programme
Wednesday 1st July 2009
08:00 - 18:00

ICAR 2009 Registration

Plenary Session 1

The RNA World - Epigenetics and Genomics
Co-Chairs - David Baulcombe and Marjori Matzke

09:00 - 09:30
09:30 - 10:00
10:00 - 10:30

Strathblane Hall

Pentland Auditorium

Prof Jian Kang Zhu - University of California, Riverside, USA
Mechanism and function of active DNA demethylation

Prof Jurek Paszowski - University of Geneva, Switzerland
DNA methylation and transgenerational epigenetic inheritance

Prof Herve Vaucheret - INRA Centre de Versailles, France
Specificity, redundancy and antagonism among plant small RNA pathways
This session is kindly sponsored by Roche

10:30 - 11:00

Refreshment Break, Posters and Exhibition

Plenary Session 2

Development
Co-Chairs - Keith Lindsey and Vivian Irish

11:30 - 12:00

Prof Ben Scheres - Utrecht University, The Netherlands
Architecture from stem cell centred feedback networks

11:00 - 11:30

12:00 - 12:30

Strathblane and
Cromdale Halls
Pentland Auditorium

Dr Xuemei Chen - University of California, Riverside, USA
Regulation of floral stem cells
Prof John Bowman - Monash University, Australia
Evolution of patterning genes in land plants
This session is kindly sponsored by NAASC

12:30 - 14:00

Lunch, Posters and Exhibition
Lunch is kindly sponsored by Bayer

Concurrent Session A Hot Topics
14:00 - 14:15
14:15 - 14:30
14:30 - 14:45

Strathblane and
Cromdale Halls
Pentland Auditorium

Co-Chairs - Ottoline Leyser and Philip Benfey

Dr Stig Uggerhøj Andersen - University of Aarhus, Denmark
Next-generation genetics: mapping and mutant identification in one step
by deep sequencing
Dr Rebecca A Mosher - University of Cambridge, UK
Uniparental expression of PolIV-dependent siRNAs in developing
endosperm of Arabidopsis
Prof Ian Small - University of Western Australia, Australia
Roles for RNA editing factors in leaf development
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ICAR 2009 Programme
Wednesday 1st July 2009 continued
Concurrent Session A Hot Topics
14:45 - 15:00
15:00 - 15:15
15:15 - 15:30

Pentland Auditorium

Co-Chairs - Ottoline Leyser and Philip Benfey

Alexander Graf - John Innes Centre, Norwich, UK
The circadian clock controls carbohydrate metabolism and hence
growth rate in Arabidopsis plants at night
Renhou Wang - Max Planck Institute, Cologne, Germany
Control of perennial flowering and perenniality in Arabis alpina

Dr Kirsten Bomblies - Max Planck Institute, Tuebingen, Germany
Local-scale population structure and outcrossing in Arabidopsis thaliana
This session is kindly sponsored by the Plant Journal

Concurrent Session B Environmental Responses

Sidlaw Auditorium

Co-Chairs - Steven Penfield and Paloma Más

14:00 - 14:25
14:25 - 14:50
14:50 - 15:05
15:05 - 15:20
15:20 - 15:35

Dr Paul Devlin - Royal Holloway – University of London, UK
FHY3 and FAR1 mediate red light input to the Arabidopsis
circadian clock

Prof Julian Schroeder - University of California, San Diego, USA
Identification of CO2-binding proteins that function as upstream
mediators of CO2-induced stomatal movements
Dr Harriet McWatters - University of Oxford, UK
Membranes, temperature and the plant clock

Dr Jose Dinneny - National University of Singapore
Towards a spatiotemporal understanding of the salt stress response
Dr Motoaki Seki - RIKEN PSC, Japan/Yokohama City University, Japan
Novel RNA- and chromatin remodeling-mediated regulatory mechanisms
in plant abiotic stress responses
This session is kindly sponsored by Plant Cell
and Environment

15:30 - 16:00

Refreshment Break, Posters and Exhibition
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Strathblane and
Cromdale Halls

ICAR 2009 Programme
Wednesday 1st July 2009 continued
Concurrent Session C Novel Tools and Resources
16:00 - 16:30
16:30 - 17:00
17:00 - 17:15
17:15 - 17:30
17:30 - 17:45
17:45 - 18:00

Pentland Auditorium

Co-Chairs - Sean May and Blake Meyers

Prof Joe Ecker - Salk Institute, USA
Sequencing across the genome-phenome divide

Dr Sean Cutler - University of California, Riverside, USA
Sidestepping genetic redundancy with small molecules

Dr Anna Amtmann - University of Glasgow, UK
EZ-Rhizo: New software for fast and accurate measurement
of root system architecture

Dr Jun Cao - Max Planck Institute, Tuebingen, Germany
One genome is not enough: Genome-species genome variation in
Arabidopsis thaliana
Dr Neil Graham - University of Nottingham, UK
Evidence of neutral transcriptome evolution in plants

Dr Susana Garcia-Sanchez - NEIKER Institute-Tecnalia, Spain
Wide screening of phage-displayed protein libraries to draw
plant-pathogen interaction maps
This session is kindly sponsored by the Plant Journal

Concurrent Session D Development
16:00 - 16:30
16:30 - 17:00
17:00 - 17:15
17:15 - 17:30
17:30 - 17:45
17:45 - 18:00
18:00 - 20:00

Sidlaw Auditorium

Co-Chairs - Gwyneth Ingram and Miltos Tsiantis

Prof Rüdiger Simon - Heinrich-Heine University, Germany
Signalling modules controlling the stem cell niche in Arabidopsis

Dr Gwyneth Ingram - University of Edinburgh, UK
PHYTOCALPAIN as a key regulator of growth in plants

Dr Dominique Bergmann - Stanford University, USA
Asymmetry, pattern and renewal in Arabidopsis stomatal development
Dr Ji-Young Lee - Cornell University, USA
Tissue patterning and growth coordinated by a mobile microRNA and
SHORT ROOT in the root
Kensuke Kawade - University of Tokyo, Japan
Leaf size is regulated by a cell-autonomous system linking cell
proliferation and post-mitotic cell enlargement

Dr Carla Galinha - University of Oxford, UK
Repression of apical HD-ZIP III homeobox genes is required for
Arabidopsis embryonic root development
Poster Session 1
Odd numbered poster abstracts to be presented.
Drinks will be served during this session.
This poster session is kindly sponsored by NAASC
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Pentland Auditorium

ICAR 2009 Programme
Thursday 2nd July 2009
08:30 - 18:00

ICAR 2009 Registration

Plenary Session 3

Pentland Auditorium
Environmental Responses
Co-Chairs - Alistair Hetherington and Sally Assmann

09:00 - 09:30

Prof Alistair Hetherington - University of Bristol, UK
The responses of stomata to environmental signals

09:30 - 10:00
10:00 - 10:30

Strathblane Hall

Prof Sally Assmann - Pennsylvania State University, USA
ABA and G-protein signalling in Arabidopsis guard cells

Dr Julia Bailey-Serres - University of California, Riverside, USA
Low oxygen stress: What is more important cell identity or survival?
This session is kindly sponsored by the
New Phytologist Trust

10:30 - 11:00

Refreshment Break, Posters and Exhibition

Plenary Session 4

Plant Defence
Co-Chairs - Jonathan Jones and Jim Beynon

11:00 - 11:30

11:30 - 12:00

12:00 - 12:30

This refreshment break is kindly sponsored
by ISPMB

Strathblane and
Cromdale Halls

Pentland Auditorium

Prof Corne Pieterse - Utrecht University, The Netherlands
Networking by small-molecule hormones in plant immunity
Dr Cyril Zipfel - Sainsbury Laboratory, UK
Deciphering PAMP-triggered immunity in Arabidopsis

Prof Murray Grant - University of Exeter, UK
Effectors affect distal effects; plant systemic reprogramming
associated with defence and disease
This session is kindly sponsored by Plant Biotechnology

12:30 - 14:00

Lunch, Posters and Exhibition

Concurrent Session E Plant Defence

Pentland Auditorium

14:00 - 14:30

Chair - Jane Glazebrook

14:30 - 15:00

Prof Jim Beynon - WHRI, University of Warwick, UK
Pathogen effectors and host responses

15:00 - 15:15

Strathblane and
Cromdale Halls

Prof Jonathan Jones - Sainsbury Laboratory, UK
Using pathogen effectors to understand host resistance mechanisms

Dr Nicolas Frei dit Frey - Max Planck Institute, Cologne, Germany
Endocytic trafficking: New players in FLS2/flagellin signalling
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ICAR 2009 Programme
Thursday 2nd July 2009 continued
Concurrent Session E Plant Defence

Pentland Auditorium

15:15 - 15:30

Chair - Jane Glazebrook

15:30 - 15:45

Dr Fumiaki Katagiri - University of Minnesota, USA
New classes of proteins forming complexes with resistance proteins

15:45 - 16:00

Steven Spoel - University of Edinburgh, UK
Post-translational modifications of the transcription co-activator NPR1
regulate plant immunity
Dr Morten Petersen - Copenhagen University, Denmark
Autophagic components contribute to hypersensitive cell death in
Arabidopsis
This session is kindly sponsored by Plant Physiology

Concurrent Session F Plant Growth Regulators
14:00 - 14:30
14:30 - 15:00
15:00 - 15:15
15:15 - 15:30
15:30 - 15:45
15:45 - 16:00

Sidlaw Auditorium

Co-Chairs - Stefan Kepinski and Joe Kieber

Prof Joe Ecker - Salk Institute, USA
Untangling transcriptional regulatory networks modulating hormone
responses
Dr Zhiyong Wang - Carnegie Institution, USA
The brassinosteroid signal transduction pathway
Prof Joseph Kieber - University of North Carolina, USA
Cytokinin signaling: Two-components and more

Dr Karim Sorefan - John Innes Centre, UK
A regulated auxin minimum is required for tissue patterning in
Arabidopsis fruit

Emanuele Scacchi - University of Lausanne, Switzerland
Dynamic, auxin-responsive plasma membrane to nucleus movement of
Arabidopsis BRX
Dr Daniela Dietrich - University of Nottingham, UK
Divide et impera – cell division in the root and its control through ABA
This session is kindly sponsored by ISPMB

16:00 - 16:30

Refreshment Break, Posters and Exhibition

16:30 - 18:00

Workshops

1. Stomata - the ins and outs
2. Root system architecture

18:00 - 20:00

Strathblane and
Cromdale Halls

Tinto

3. Putting TAIR to work for you - hands-on workshop for
beginning and advanced users
Poster Session 2
Even numbered poster abstracts to be presented.
Drinks will be served during this session.
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Moorfoot
Kilsyth

Pentland Auditorium

ICAR 2009 Programme
Friday 3rd July 2009
08:30 - 18:00

ICAR 2009 Registration

Plenary Session 5

Natural Variation
Co-Chairs - Caroline Dean and Magnus Nordborg

09:30 - 10:00

Prof Caroline Dean - John Innes Centre, UK
Natural variation in Arabidopsis vernalization response

09:00 - 09:30

10:00 - 10:30

Strathblane Hall

Pentland Auditorium

Prof Magnus Nordborg - Gregor Mendel Institute, Austria
Genome-wide association study of 100+ phenotypes in a common set of
Arabidopsis thaliana inbred lines
Prof Joanna Schmitt - Brown University, USA
Predicting flowering time in changing climates
This session is kindly sponsored by Plant Cell

10:30 - 10:40

Presentation of Plant Methods Poster Prize

Pentland Auditorium

10:30 - 11:00

Refreshment Break, Posters and Exhibition

Plenary Session 6

Pentland Auditorium
Cell Biology
Co-Chairs - Claire Grierson and Jiri Friml
Prof Ian Moore - University of Oxford, UK
Small GTPases in post-Golgi and endocytic membrane traffic in
Arabidopsis

11:00 - 11:30

11:30 - 12:00

12:00 - 12:30

Strathblane and
Cromdale Halls

Dr Silke Robatzek - Max Planck Institute, Tübingen, Germany
Cellular dynamics in plant immunity
Prof Jiri Friml - VIB and University of Gent, Belgium
Auxin transport – connecting cell polarity and patterning
This session is kindly sponsored by Plant Cell

12:30 - 13:30
12:30 - 14:00

International Vision for Plant Science 2009
Prof Andrew Millar - University of Edinburgh, UK
Prof Joe Ecker - Salk Institute, USA
Lunch, Posters and Exhibition

Afternoon off to enjoy Edinburgh

Pentland Auditorium

Strathblane and
Cromdale Halls

Pre-booked tours will depart from the front of the EICC at 13:30

18:00 - 20:00

Poster Session 3
All poster abstracts to be presented.
A bar will be available during this session.
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Pentland Auditorium

ICAR 2009 Programme
Saturday 4th July 2009
08:30 - 18:00

ICAR 2009 Registration

Plenary Session 7

Pentland Auditorium
Signalling in Development
Co-Chairs - Dr Karen Halliday and Dr Stacey Harmer

09:00 - 09:30
09:30 - 10:00
10:00 - 10:30

Dr Stacey Harmer - University of California, Davis, USA
Timing is everything: exploring links between the circadian clock
and hormone signaling
Prof Nicholas Harberd - University of Oxford, UK
Growth regulation by GA-GID1-DELLA and beyond

Dr Christian Fankhauser - University of Lausanne, Switzerland
Regulation of shade avoidance by a network of bHLH class
transcription factors

10:30 - 11:00

Refreshment Break, Posters and Exhibition

Plenary Session 8

Systems Biology
Co-Chairs - Andrew Millar and Philip Benfey

11:00 - 11:30

11:30 - 12:00
12:00 - 12:30

Strathblane Hall

Strathblane and
Cromdale Halls
Pentland Auditorium

Prof Enrico Coen - John Innes Centre, UK
Development of shape in plants

Prof Mark Stitt - Max Planck Institute, Golm, Germany
Systems analysis of the diurnal regulation of metabolism and growth
Prof Andrew Millar - University of Edinburgh, UK
Unwinding the circadian clock with systems biology

This session is kindly sponsored by the Centre for Systems
Biology Edinburgh and the Centre for Plant Integrative Biology

12:30 - 14:00

Lunch, Posters and Exhibition
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Strathblane and
Cromdale Halls

ICAR 2009 Programme
Saturday 4th July 2009 continued
Concurrent Session G Systems Biology

Pentland Auditorium

14:00 - 14:30

Co-Chairs - Reka Albert and Christophe Godin

15:00 - 15:15

Sarah Robinson - John Innes Centre, UK
Modelling cell division in the Arabidopsis leaf epidermis

14:30 - 15:00

15:15 - 15:30
15:30 - 15:45
15:45 - 16:00

Prof Przemyslaw Prusinkiewicz - University of Calgary, Canada
A level-set model of leaf form development

Prof Reka Albert - Pennsylvania State University, USA
Dynamic modeling of the signal transduction network corresponding to
abscisic acid induced stomatal closure in Arabidopsis thaliana
Dr Adrienne Roeder - The California Institute of Technology, USA
Timing of cell division determines the relative cell size pattern in
Arabidopsis
Dr Miguel Moreno-Risueno - Duke University, USA
A systems biology approach to understanding the root clock

Julia Rausenberger - University of Freiburg, Germany
From protein dynamics to physiology: phytochrome B mediated
photomorphogenesis

Concurrent Session H Bioenergy
14:00 - 14:30
14:30 - 15:00

Sidlaw Auditorium

Chair - Paul Dupree

Prof Henrik Vibe Scheller - Lawrence Berkeley National Laboratory, USA
Arabidopsis as a model for cell wall biosynthesis in bioenergy crops

15:00 - 15:15

Dr Ruben Vanholme - Ghent University, Belgium
Systems biology of lignification and relevance to biofuels
Dr Kerrie Farrar - IBERS, University of Aberystwyth, UK
Exploiting model species to increase biomass yield in energy crops

15:30 - 15:45

Dr Thorsten Hamann - Imperial College London, UK
Using Arabidopsis thaliana to improve feedstock quality

15:15 - 15:30

Dr Raymond Wightman - University of Manchester, UK
Assembly of the Cellulose Synthase Complex occurs within a
specialised compartment that is derived from the endoplasmic reticulum

This session is kindly sponsored by Plant Physiology

15:45 - 16:30

Refreshment Break, Posters and Exhibition

16:30 - 18:00

Workshops

19:30 - 23:00

1. Anther/pollen development
2. Ambient temperature

ICAR 2009 Conference Dinner

The Conference Dinner will take place in the Cromdale Hall
with pre-dinner drinks in the Strathblane Hall from 19:30.
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Strathblane and
Cromdale Halls

Tinto
Moorfoot
Strathblane and
Cromdale Halls

ICAR Supporters
ICAR 2009 gratefully acknowledges the generous contributions of the following organisations:
Abcam

Illumina

Bayer

ISPMB

Biobase

John Innes Centre

BBSRC

Lemnatech

Centre for Plant
Integrative Biology

NAASC

New Phytologist
Centre for Systems
Biology Edinburgh
Pioneer
Company of Biologists
Plant Methods
EPSO
Plant Physiology
Finnzymes Oy
Regent Instruments INC
Garland Science
Roche Diagnostics Ltd
Gatsby Charitable
Foundation

The Plant Cell

Hybrigenics

Wiley Blackwell
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General Information
Registration

Exhibition

ICAR Conference Registration will take place in
the Strathblane Hall on Level 0 of the Edinburgh
International Conference Centre and will be open
at the following times:

The ICAR 2009 Exhibition will be held in the
Cromdale Hall on Level -2 of the EICC from
Tuesday 30th June to Saturday 4th July.
All delegates are invited to visit the exhibition.
The opening times of the exhibition are as follows:

Tuesday 30th June
Wednesday 1st July
Thursday 2nd July
Friday 3rd July
Saturday 4th July

14:00 - 19:00
08:00 - 18:00
08:30 - 18:00
08:30 - 18:00
08:30 - 18:00

Tuesday 30th June
Wednesday 1st July
Thursday 2nd July
Friday 3rd July

Venue

Saturday 4th July

14:00 - 21:00
09:00 - 20:00
09:00 - 20:00
09:00 - 14:00 and
18:00 - 20:00
09:00 - 14:00

Refreshment Breaks

Edinburgh International Conference Centre,
The Exchange, Morrison Street, Edinburgh,
EH3 8EE.
Tel: 0044 (0) 131 300 3000
Fax: 0044 (0) 131 300 3030

Coffee and tea will be served in the both the
Strathblane and Cromdale Halls at the following
times:
Wednesday 1st July

ICAR 2009 will be held at Edinburgh International
Conference Centre (EICC), situated in the city
centre. The EICC’s striking circular design has
made it one of Edinburgh's most distinctive
landmarks. The centre has hosted many high
profile congress and events since opening in 1995.
As you would expect from a world-class venue,
the technical, presentation and communications
facilities are modern, efficient and adaptable.

Thursday 2nd July
Friday 3rd July
Saturday 4th July

Lunches

10:30 - 11:00 and
15:30 - 16:00
10:30 - 11:00 and
16:00 - 16:30
10:30 - 11:00
10:30 - 11:00 and
15:45 - 16:30

Lunch is included in the registration fee and will be
served in both the Strathblane and Cromdale
Halls. Lunch breaks will be at the following times:
Wednesday 1st July
Thursday 2nd July
Friday 3rd July
Saturday 4th July

12:30 - 14:00
12:30 - 14:00
12:30 - 14:00
12:30 - 14:00

Posters
Posters will be displayed in the Strathblane and
Cromdale Halls. Poster numbers on the boards
relate to the poster numbers in this programme
and in the book of abstracts. Presenting authors
are required to attend their posters during the
poster sessions on Wednesday (odd numbers),
Thursday (even numbers) or Friday evening (all
poster numbers) respectively. Velcro to mount the
posters can be obtained from the registration desk.

Conference Abstracts
All delegates will have received, in their delegate
bags, a memory stick containing all the abstracts
16

Shopping

of the conference. Hard copies of the Book of
Abstracts have been available to purchase in
advance and a few may be available to purchase
onsite at the Finance Desk. Producing the
abstracts this way reduces organisational costs, as
well as reducing paper and printed materials.

Opening hours: Monday to Saturday 09:00 - 17:00.
Late night shopping on Thursdays until 19:30 or
20:00. Some shops are open on Sundays from
12:00 - 16:00.

Language

Social Event Tickets

The official language of the Conference will be
English – there will be no simultaneous translation
in conference sessions.

There are a limited number of tickets available to
purchase for the conference dinner and optional
tours. Please see the staff at the Finance Desk
as early as possible if you would like to purchase a
ticket.

Business Centre

Message Board

The EICC Business Centre offers facilities
including internet access, fax machine, PC/printer
and photocopier. Secretarial services are also
available.

Messages and news for the Conference delegates
will be published on a message board next to the
registration desk and on screens around the EICC.

Internet Access

Delegate Badges

Delegates can access the wireless internet service
by collecting log in details from the registration
desk.

For security purposes, delegate badges must be
worn at all times.

Parking

General Assistance

There are three car parks all within two to five
minutes walking distance from the EICC. Please
view the website for detailed information about car
parking – www.eicc.co.uk

Please go to the ICAR 2009 Registration Desk in
the Strathblane Hall if you have any queries.

Speakers

Transport

The Speakers’ Preview Area will be in the Lomond
Foyer on Level 0 of the EICC. Speakers should
visit this area, preferably at least 2 hours prior to
the start of their session, to organise the material
for their presentation. The desk will be open from
14:00 - 19:00 on Tuesday 30th June and from
08:30 - 18:00 from Wednesday onwards.

Taxi service is an easy way to travel around
Edinburgh. It is best to agree an approximate fare
at the start of the journey. There are also good bus
routes throughout the city. The main bus terminal is
in St Andrew’s Square. Buses are operated by
Lothian Buses (www.lothianbuses.com) and First
Buses (www.firstgroup.com/ukbus).

Currency

Telephones

Currency exchanges are available at Bureaux de
Change throughout the city and at all major UK
airports including Glasgow and Edinburgh and in
Edinburgh Waverley Train Station. Delegates will
also be able to exchange currency in most
Edinburgh city centre banks.

Public telephones for domestic and international
calls are located in the Strathblane Hall on Level 0
of the EICC.

Mobile Phones

Credit Cards

Out of courtesy to speakers and other delegates,
mobile phones and pagers must be switched off or
to silent mode before entering sessions.

Most credit cards are accepted in the UK.
However it is best to pay cash in smaller shops.

Smoking

Banking Hours

It is against the law to smoke in any enclosed
public area in Scotland.

Normal bank opening hours are Monday to Friday
from 09:00 - 17:00.
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Social Programme
Tuesday 30th June 2009

Thursday 2nd July 2009

Strathblane and Cromdale Halls
All delegates welcome
The Opening Ceremony and Keynote
Presentations will be followed by the Welcome
Drinks Reception to be held from 19:00 - 21:00
hours in the Strathblane and Cromdale Halls.

Strathblane and Cromdale Halls
All delegates welcome
The second poster and exhibition session of the
conference will take place in the Cromdale and
Strathblane Halls from 18:00 - 20:00, during which
drinks will be served. Even numbered posters will
be presented.

Welcome Reception
19:00 - 21:00

Poster and Exhibition Session 2
18:00 - 20:00

Wednesday 1st July 2009

Friday 3rd July 2009

Poster and Exhibition Session 1
18:00 - 20:00

Poster and Exhibition Session 3
18:00 - 20:00

Strathblane and Cromdale Halls
All delegates welcome
The first poster and exhibition session of the
conference will take place in the Cromdale and
Strathblane Halls from 18:00 - 20:00, during which
drinks will be served. Odd numbered posters will
be presented.

Strathblane and Cromdale Halls
All delegates welcome
The final poster and exhibition session of the
conference will take place in the Cromdale and
Strathblane Halls from 18:00 - 20:00, during which
a bar will be available. All posters will be
presented.

Saturday 4th July 2009

ICAR 2009 Conference Dinner
19:30 - 23:00
Strathblane and Cromdale Halls
Ticket required
The Conference Dinner will take place in the
Cromdale Hall. Delegates will be able to enjoy
pre-dinner drinks in the Strathblane Hall from
19:30. Dinner will be followed by a Ceilidh in the
Strathblane Hall.
Dress code: smart/casual

18

Local Information
Welcome to Edinburgh, Scotland

Edinburgh, the Capital City of Scotland is a city filled with historical sights and stories. The Old Town was
developed from the 11th century, originally within defensive walls, around the rock on whose peak is
situated the famed Edinburgh Castle. From here, the historic Royal Mile sweeps down to the Palace of
Holyrood House, the Queen's official royal residence in Scotland. The new Scottish Parliament building
is also situated near Holyrood House at the bottom of the Royal Mile. There are also many art galleries
located around the city.
Princes Street and George Street are the main shopping areas in the city centre and there are a large
number of restaurants in the city centre. An essential guide of Edinburgh is included in delegate bags to
provide further information about the city.

#

# - EICC
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Optional Tours
Friday 3rd July

Malt Whisky Tour

Coaches for the tours will leave from the front of
the EICC at 13:30. Tickets for these tours will be
issued with delegate badges.

From Edinburgh we travel southwards to the pretty
village of Pencaitland, where we visit Glenkinchie
Malt whisky distillery. After a tour of the distillery
there is a “wee dram” to sample a taste of the
finished product, before having the chance to visit
the specialist whisky shop.

Edinburgh City Tour
From the comfort of your touring coach discover
the history and beauty of Edinburgh. Start the tour
visiting the Georgian New Town, with it’s sweeping
crescents and terraces, then move on to the
historic Royal Mile with it’s enchanting wynds and
closes. A visit to Edinburgh Castle affords
wonderful panoramic views of the city skyline
along with the chance to see the “Honours of
Scotland” – Scotland’s Crown Jewels.

Stirling Castle
Travelling from Edinburgh we pass historic
Linlithgow, where we can see Linlithgow Palace,
the birthplace of Mary Queen of Scots.Soon we will
arrive in historic city of Stirling, once the home of
the Scottish Kings and Queens. In addition to a
guided tour of the Castle, set high on a hill above
the ancient town, there will be some free time to
explore Stirling itself.
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Keynote Speakers

Professor David Baulcombe
David Baulcombe has wide interests in plant molecular biology. Currently
he works on RNA-silencing systems that protect against viruses and mobile
elements of DNA. His group has identified many components of the RNA
silencing machinery and a key discovery was the short RNAs that are the
specificity determinant. The recent work in David’s group embraces a
systems level analysis of RNA silencing and its influences – direct or indirect
– on gene expression. Most of his work involves Arabidopsis but he has
started to explore the role of RNA silencing in a crop plant (tomato) and in
a unicellular alga (Chlamydomonas). David also has interests in disease
resistance and he is a member of a consortium investigating ways to
mitigate the effects of a sweet potato virus disease.
Until August 2007 David was a senior research scientist in the Sainsbury
Laboratory, Norwich. He then became the Professor of Botany at Cambridge
University and Royal Society Research Professor. He is a Fellow of the
Royal Society and a foreign associate member of the US National Academy
of Sciences. His awards include the 2008 Lasker Award and the 2006 Royal
Medal of the Royal Society. Extramural activities include membership of the
Biotechnology and Biological Sciences Research Council and chairing a
Royal Society Policy study on the contribution of biological science to food
crop productivity.

Professor Wayne Powell
Professor Wayne Powell has more than 25 years’ experience working in the
field of contemporary plant genetics. Before being appointed as Director of
IBERS at the University of Aberystwyth, he was Director and CEO of NIAB
in Cambridge. Previously he was Professor and Foundation Head of the
School of Agriculture and Wine, University of Adelaide, Australia. He was
Deputy Director of the Scottish Crop Research Institute (SCRI), Dundee,
UK, from 2000-2004 and was responsible for leading and facilitating the
development of the Institute’s scientific vision, with overall responsibility for
the Institute’s research programmes. Between 1998 and 2000 Professor
Powell worked at the Du Pont Company in Wilmington, Delaware, USA,
where he gained exposure and experience of operating in a global private
sector organisation. Professor Powell’s personal research interests are at
the interface of plant genetics, genome science, plant breeding and
conservation of genetic resources with a strong emphasis on the delivery of
‘public good’ outcomes.
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Plenary Abstracts
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Mechanism and function of active DNA
demethylation
Active DNA demethylation is involved in many vital developmental and
physiological processes of plants and animals. Genetic and biochemical studies
in Arabidopsis have demonstrated that a subfamily of DNA glycosylases function
as DNA demethylases through a base excision-repair pathway. These
specialized bifunctional DNA glycosylases remove the 5-methylcytosine base
and then cleave the DNA backbone at the abasic site, resulting in a gap that is
then filled with an unmethylated cytosine nucleotide by as yet unknown DNA
polymerase and ligase enzymes. Evidence suggests that active DNA
demethylation in mammalian cells is also mediated at least in part by a base
excision repair pathway where the AID/Apobec family of deaminases convert 5methylcytosine to thymine followed by G/T mismatch repair by the DNA
glycosylase MBD4 or TDG. I will present recent work from my lab on the dynamic
regulation of gene expression in Arabidopsis by RNA-directed DNA methylation
and by ROS1-mediated active DNA demethylation.
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Wednesday 9:00 - 09:30
RNA World

Jian Kang Zhu

Institute for Integrative
Genome Biology
Department of Botany and
Plant Sciences
University of California
Riverside
CA 92521
USA

Specificity, redundancy and antagonism
among plant small RNA pathways
MicroRNAs (miRNAs) and short interfering RNAs (siRNAs) are involved in a
variety of phenomena that are essential for genome stability, development and
adaptive responses to biotic and abiotic stresses. Their mode of action also is
diverse. They guide DNA elimination during the formation of the macronucleus
in protists and heterochromatin assembly in fungi and plants. They target
endogenous mRNAs for cleavage and translational repression in plants and
animals, and protect both plant and animal cells against virus infection through
an RNA-based immune system. They also control the movement of transposable elements at the transcriptional and posttranscriptional level in plants
and animals. Here I will present specificities, redundancies and antagonisms
among the various plant small RNA pathways.
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Wednesday 09:30 - 10:00
RNA World

Herve Vaucheret

Laboratoire de Biologie
Cellulaire
Institut Jean-Pierre Bourgin
INRA
78026 Versailles Cedex
France

DNA methylation and
epigenetic inheritance

transgenerational

In mammals, cytosine is methylated essentially only in CpG sequences
(mCpGs). In plants in addition to mCpGs, mC is found also at mCpNpG or
mCpNpN sites (N = A or T or C). Interestingly, the maintenance of mCpGs, which
is achieved by similar mechanisms in plants and mammals, is essential for plant
and mammalian development. The primary focus of my presentation will be on
the role of mCpGs in transgenerational epigenetic inheritance in Arabidopsis.
Evidence for dynamic interrelationships and feedback regulation of mCpGs and
DNA methylation outside CpGs, nuclear architecture and other epigenetic marks
will be provided. Deficiencies in mCpGs result in epigenetic and genetic
instabilities, activation of epiallelic interactions and uncoordinated activities of
compensatory epigenetic mechanisms. Thus in plants mCpGs patterns provide
the blueprint coordinating stability of epigenetic inheritance, however epigenetic
information can be readily transferred between different epiallelic forms of loci.
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Wednesday 10:00 - 10:30
RNA World

Jerzy Paszkowski

Laboratory of Plant
Genetics
University of Geneva
Geneva
Switzerland

Regulation of floral stem cells
An Arabidopsis flower consists of a fixed number of floral organs derived from
stem cells in a floral meristem. Unlike stem cells in the shoot apical meristem,
which maintain their stem cell identity throughout plant development, those in
the floral meristem are terminated upon the production of the final floral organs,
the carpels. The floral homeotic transcription factor AGAMOUS (AG) not only
specifies the identities of the reproductive organs but also terminates the floral
stem cells by repression of the expression of WUS, a gene that promotes stem
cell identity. The regulation of WUS by AG, however, is unlikely to be direct. We
are striving to understand how AG terminates floral stem cells. We isolated an
ag allele, ag-10, which is completely functional in organ identity specification but
is occasionally defective in floral determinacy. We performed a genetic enhancer
screen in the ag-10 background and isolated mutations in several
complementation groups that enhance the floral determinacy defect. Cloning
and analysis of these genes have implicated small RNA- and chromatin-based
regulation of floral stem cell termination.
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Wednesday 11:00 - 11:30
Development

Lijuan Ji
Xigang Liu
YunJu Kim
Xuemei Chen

Botany & Plant Sciences
University of California
Riverside
CA 92521
USA

Architecture from stem cell centred feedback
networks
Like in many animal systems, plant stem cells reside in niches and are
maintained by short-range signals emanating from organizing centres. The
Arabidopsis PLETHORA genes encode transcription factors required for root
stem cell specification. PLT expression is induced by the indolic hormone auxin,
depends on auxin response factors and follows auxin accumulation patterns.
The PLT gene clade extensively regulates expression of the PIN facilitators of
polar auxin transport in the root and this contributes to a specific auxin transport
route that maintains stem cells at the appropriate position. We are addressing the
properties of the PLT-PIN feedback loop by gene and protein network analysis
and computational modelling. The emerging picture is one in which flexible
feedback circuits translate auxin accumulation into region- and cell type
specification patterns. The PLT network interacts with the SHORTROOTSCARECROW transcription pathway that plays a role in patterning the root stem
cells and in providing mitotic potential to the stem cell daughters that form the
proximal meristem. This interaction involves the conserved RETINO BLASTOMA-RELATED pocket protein, and we are investigating links between the RBR
pathway and upstream patterning genes.
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Wednesday 11:30 - 12:00
Development

Ben Scheres

Utrecht University
The Netherlands

Evolution of patterning genes in land plants
As more plant genome sequences become available, researchers are
increasingly using comparative genomics to address some of the major
questions in plant biology. Such questions include the evolution of
photosynthesis and multicellularity, and the developmental genetic changes
responsible for changes in body plan and the origin of important plant innovations
such as roots, leaves, and vascular tissue. We have focused on tracing the
evolutionary history of genes involved in pattern formation. In particular, we have
investigated the history of genes involved in establishing leaf polarity in
Arabidopsis. We find that some genes are evolutionarily recent, evolving
coincident with the evolution of leaves in seed plants. However, other genes
predate the evolution of leaves, implying a co-option from a more ancestral role.
Expression and functional studies in early diverging lineages of land plants
provide clues as to ancestral functions, and thus to the evolution of land plant
morphology. For example, Class III HD-Zip genes act to promote meristem
development, adaxial leaf development and vascular development in
Arabidopsis. Since the latter two tissues do not exist in early diverging land plant
lineages, apical growth and meristem development may represent an ancestral
function. Expression analyses in moss and liverworts support this hypothesis, but
also suggest a more direct role in response to light, an environmental parameter
that is key in molding the plastic development of plants, and establishing polarity
in liverworts in particular. Thus, ancestral roles of patterning genes may lie in
interactions with environmental parameters critical in the transition from an
aquatic algal ancestor to a land plant.
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Wednesday 12:00 - 12:30
Development

John Bowman1,2
Sandra Floyd1
Keiko Sakakibara1
Karen Yip2
Chris Zalewski2
Eduardo Flores1
Pia Sappl1
John Alvarez1
Dyani Lewis1
1Monash University,
Melbourne
Victoria
Australia
2UC Davis
Davis
CA
USA

The responses of stomata to environmental
signals
Stomata are pores found on the surfaces of plant leaves. They control the uptake
of carbon dioxide for photosynthesis and the loss of water vapour during the
process of transpiration. The aperture of the stomatal pore is governed by the
state of turgor of the two guard cells that surround the stomatal pore. When the
guard cells are fully turgid the pore gapes open allowing gas exchange and
conversely stomatal closure is associated with a loss of turgor. A wide range of
environmental signals control the aperture of the stomatal pore and the number
of stomata that form on the epidermis. This lecture will use examples from light,
carbon dioxide, relative humidity and ABA signalling to illustrate how these
signals bring about alterations in stomatal aperture and development.
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Thursday 09:00 - 09:30
Environmental Responses

Alistair M Hetherington

School of Biological
Sciences
University of Bristol
Woodland Road
Bristol
BS8 1UG
UK

ABA and G-protein signaling in Arabidopsis
guard cells
Regulation of stomatal apertures by the phytohormone abscisic acid (ABA)
promotes plant water conservation under drought conditions. ABA induces
stomatal closure via an intricate cellular signaling network. We have applied
systems biology methods to model this process (Li et al, PLoS Biology, 2006),
and have recently characterized the Arabidopsis guard cell proteome with the
goal of identifying new candidate stomatal signaling proteins (Zhao et al, Plant
Cell, 2008). Heterotrimeric G proteins, composed of alpha, beta, and gamma
subunits, are important secondary messengers in ABA signaling (e.g. Fan et al,
PNAS, 2008). Most recently, we have identified two new ABA receptors that
exhibit attributes of both G-protein-coupled receptors (GPCRs) and classic
G-protein alpha subunits (Pandey et al, Cell, 2009). The biochemical and
molecular genetic characterization of these proteins will be described.
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Thursday 09:30 - 10:00
Environmental Responses

Sarah Assmann

Biology Department
Penn State University
University Park
PA
16802
USA

Low oxygen stress: What is more important
cell identity or survival?
Arabidopsis thaliana was used to elucidate responses to low oxygen (hypoxia)
stress from the organ to cell-type specific level. We used transgenics expressing
a FLAG epitope-tagged ribosomal protein (RPL18B) to immunopurify ribosomeassociated mRNAs from crude cell extracts of cryo-preserved samples. First, a
35S:FLAG-RPL18 line was used to obtain total and polysomal mRNA
populations from seedlings to evaluate the dynamic response to 2h or 9h of
hypoxia as well as re-oxygenation (9h hypoxia + 1h air). The changes in
translated mRNAs and metabolites exposed a rapid and reversible
reconfiguration of carbon and nitrogen metabolism that augments anaerobic ATP
production. A major energy conserving mechanism was the inhibition of
translation of over 60% of the cellular mRNAs. This sequestration was rapidly
reversible, with 90% recovery of polysomes within 10 min of reoxygenation.
Remarkably, some strongly induced transcripts were only recruited to polysomes
upon reoxygenation. Second, to identify organ and cell-specific distinctions in
response to hypoxia, 13 promoters with regional or cell-type specific expression
were used to drive FLAG-RPL18B. This collection of lines permitted the
comparative profiling of cell-specific mRNA populations in the seedling root apex,
whole root and shoot. For each promoter:FLAG-RPL18B line, ribosomeassociated mRNAs were evaluated under control conditions and after 2 h of
hypoxia, producing a highly informative dataset for >17,000 genes. Transcription
factor mRNAs provided a complex fingerprint for individual cell types under
control conditions. The transcription factor mRNA population in ribosome
complexes was generally perturbed by hypoxia, indicating that the stress largely
overrides cell-specific patterns of protein production. We found that all organs
and cell types invoked a core response to hypoxia, including increased
translation of ~50 mRNAs, of which half are proteins of unknown function.
Specific responses to hypoxia in the root, shoot and individual cell-types were
resolved that provide new insight into the intricacies of the response to low
oxygen stress. (Funding: NSF 2010 IBN-0420152 and IGERT DGE 0504249).
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Environmental Responses

Julia Bailey-Serres

Department of Botany and
Plant Sciences
University of California
Riverside
CA 92521
USA

Networking by small-molecule hormones in
plant immunity
Plants live in complex environments in which they interact with a broad range of
pathogens and insects. Various genomics approaches expanded our understanding of the molecular mechanisms by which plants tailor their defense
response to harmful attackers. Diverse small-molecule hormones such as
salicylic acid (SA), jasmonic acid (JA) and ethylene (ET) play pivotal roles in the
regulation of the defense signaling network.1 Their signaling pathways crosscommunicate, providing the plant with a powerful capacity to finely tailor its
immune response to the attacker encountered.2 Our research is focused on the
antagonism between SA and JA signaling. Using a pharmacological approach to
dissect the kinetics and mechanisms underlying SA-JA crosstalk, we
demonstrated that SA-JA antagonism is conserved among Arabidopsis
accessions, highlighting the importance of this mechanism for plant survival. The
kinetics of SA and JA signaling appears to play an important role in the outcome
(antagonistic, synergistic) of the SA-JA interaction. The antagonistic effect of SA
on JA-responsive gene transcription appears to be linked to SA-induced changes
in the cellular redox potential, suggesting that SA-JA cross-talk is redox
regulated. Several key regulatory proteins involved in pathway cross-talk have
been identified, including the redox-sensitive protein NPR1. ET appears to act
as an important modulator of NPR1 function in SA-JA crosstalk. Furthermore we
showed that SA-mediated suppression of JA signaling acts downstream of SCFCOI1-JAZ components of the JA signaling pathways and is directly targeted at
GCC-box containing promoters of JA-responsive genes. Molecular mechanisms
of SA-JA crosstalk will be discussed.
1 Pieterse, Leon-Reyes, Van der Ent, Van Wees (2009). Networking by smallmolecule hormones in plant immunity. Nature Chem. Biol., in press.
2 Koornneef and Pieterse (2008). Cross-talk in defense signaling. Plant Physiol.
146:839-844.
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Thursday 11:00 - 11:30
Plant Defence

Corné Pieterse
Antonio Leon-Reyes
Dieuwertje Van der Does
Adriaan Verhag,
Annemart Koornneef
Saskia Van Wees

Utrecht University
Utrecht
The Netherlands

Effectors affect distal effects; plant systemic
reprogramming associated with defense and
disease
Plant systemic acquired resistance (SAR) is classically recognized as a key
defense mechanism elaborated following recognition of a pathogen effector by
a plant disease resistance protein. A local signal(s) is generated and translocated
to distal naïve tissues where it is decoded to activate a signaling network that
confers broad spectrum immunity to a wide range of normally virulent pathogens.
Elevated SA levels in distal responding leaves are central to SAR but our
knowledge of the nature of the translocated signals, their perception in distal
leaves and the response networks that propagate SAR is sparse and in cases
contradictory. Using a combination of whole genome transcriptome profiling,
targeted metabolite profiling and real time imaging we will describe our efforts to
reconstruct the series of events that lead to systemic immunity in Arabidopsis
thaliana following recognition of an avirulent strain of Pseudomonas syringae. In
particular we will focus on an emerging role for plant hormones in establishment
of effective SAR. Recent data imply that plants also respond systemically to
pathogen associated molecular patterns and pathogen effectors. Our
experiments show that signals arising from a compatible interaction also
reconfigure transcription in systemic tissues, activating networks associated with
disease development in infected tissue.
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William Truman1
Bing Zhai1
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Marta de Torres Zabala1
Colin Turnbull2
Murray Grant1
1School of Biosciences
Univeristy of Exeter
UK
2Division of Biology
Imperial College
UK

Deciphering PAMP-triggered immunity in
Arabidopsis
In plant innate immunity, the first line of microbial recognition relies on the
perception of pathogen-associated molecular patterns (PAMPs) by patternrecognition receptors (PRRs) leading to PAMP-triggered immunity (PTI). In
Arabidopsis, the leucine-rich repeat receptor kinases EFR and FLS2, in
association with BAK1, mediate recognition of the bacterial PAMPs EF-Tu and
flagellin, or their peptide surrogates elf18 and flg22 respectively. Despite the
critical role of PRRs in anti-microbial immunity, only limited knowledge exists on
how they function at the molecular level and on their downstream signalling
events. By forward genetics, we have identified 160 elf18-insensitive (elfin)
mutants; 57 corresponding to efr mutants. The identification and characterisation
of six ELFIN genes shed light on how EFR protein expression is controlled, as
well as on immediate downstream signalling. We describe an unexpected subspecialisation of the ER quality control (ER-QC) machinery for innate immunity,
and the first demonstration of a physiological role of the ER-QC in transmembrane receptor function in plants. In addition, we identified a new bak1 allele
that impacts differentially the requirement of BAK1 in PTI and brassinosteroid
signalling. We are using a combination of genetic, cell biology and biochemistry
to unravel the molecular mechanisms underlying this puzzling phenotype. This
study should reveal how BAK1 interacts with different signalling pathways in
plants. Our quest to decipher PTI signalling is complemented by the search and
characterisation of EFR-interacting proteins (EIPs) in yeast and in planta. We
are also describing the feasibility of trans-family heterologous expression of
PRRs to engineer broad-spectrum disease resistance in plants.
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Thursday 12:00 - 12:30
Plant Defence

Cyril Zipfel

The Sainsbury Laboratory
Norwich Research Park
Norwich
NR4 7UH
UK

Genome-wide association study of 100+
phenotypes in a common set of Arabidopsis
thaliana inbred lines
Arabidopsis thaliana is ideally suited for genome-wide association (GWA) studies
in that it naturally occurs as inbred lines, which can be genotyped once and
phenotyped repeatedly. We demonstrate the power of this approach by carrying
out a GWA study of 107 different phenotypes in a common set of 96-192 inbred
lines (the number of lines varies between phenotypes) genotyped for 250,000
SNPs using a custom Affymetrix chip. The results varied considerably between
phenotypes. A minority yielded unambiguous results in the form of distinct,
obviously significant associations, usually corresponding to single genes, and
often to a priori candidates. The majority of phenotypes, however, yielded results
that were harder to interpret because the combination of complex genetics and
confounding by population structure made it difficult to distinguish true from false
associations. A priori candidates are strongly overrepresented among these
associations as well. Our results are dramatically different from the results of
human GWA studies in that we identify a large number of loci with major effect
size, and that we often explain a considerable fraction of the phenotypic
variation. Our study clearly demonstrates the feasibility of GWA studies in A.
thaliana, and suggests that the approach will be appropriate for many other
organisms.
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Friday 09:00 - 09:30
Natural Variation

Magnus Nordborg

Gregor Mendel Institute
Dr Bohr-Gasse 3
030 Vienna
Austria

Natural variation in Arabidopsis vernalization
response
Plants are excellent systems in which to dissect the molecular basis of
adaptation. Variation in flowering time is a key factor in adaptation as flowering
in favourable conditions is so important for reproductive success. We are
analysing vernalization, the acceleration of flowering by prolonged cold, and its
role in adaptation. In Arabidopsis vernalization involves the cold-induced
repression and epigenetic silencing of the floral repressor FLOWERING LOCUS
C (FLC). We are dissecting the mechanism of this cold-induced Polycombmediated epigenetic silencing and will present our current understanding of the
three main phases of vernalization - the triggering of FLC transcriptional
repression by prolonged cold; the nucleation and epigenetic stability of chromatin
changes at FLC; and the spreading of the silencing signal. This mechanistic
understanding is being linked with population and ecological genetic analysis in
Arabidopsis accessions from different parts of the world. Our analysis so far
suggests that molecular variation at FLC itself can contribute to variation in
vernalization response. It appears that this variation has arisen independently in
different accessions and we are now determining which phase of vernalization
is affected for each accession and the responsible cis polymorphism. We are
also analysing the distribution of the different alleles within Arabidopsis
populations and monitoring individual populations at three ecologically distinct
sites in Sweden in order to fully understand the evolution of this adaptive trait.
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Clare Lister1
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1John Innes Centre
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2University of
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3University of Southern
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USA

Predicting
climates

flowering

time

in

changing

In order to flower during favorable seasonal conditions, plants must integrate
and respond appropriately to multiple environmental signals, such as day length,
ambient temperature, and vernalization. However, little is known about the
balance and sensitivity of different pathways to complex environmental cues
under variable natural conditions in different climates and seasons, or how
natural variation in flowering genes is expressed in natural environments. To
measure the sensitivity of flowering time to perturbations in different signaling
pathways in natural seasonal environments, we grew a set of 320 Arabidopsis
ecotypes as well as mutants of key flowering time genes under natural conditions
in replicated field experiments in 5 sites spanning the species’ native European
climatic range. Using detailed temperature and light environments experienced
by plants throughout the growing season in each site, we have created a
genetically informed photothermal model of development which accurately
predicts time to bolting of flowering time mutants under field conditions, and
shows that flowering time in the field depends critically upon seasonal timing of
germination. In late summer and early autumn, germinating a week later can
cause a transition from rapid cycling to winter annual life histories. The model
predicts that the switch occurs earlier in the season for genotypes with high initial
vernalization requirements. To predict responses to future climate change, we
converted predicted air temperature from global climate models under a midrange scenario of global warming into photothermal inputs to our model. The
model predicts that in Norwich, England, this predicted warming scenario for
2099 will cause a seasonal delay in the switch between rapid cycling and winter
annual life histories and reduced effects of natural genetic variation in the
strength of the initial vernalization requirement.
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Johanna Schmitt1
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Amity Wilczek1
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Stephen Welch2

1Brown University
Providence
RI
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2Kansas State University
Manhattan
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USA

Small GTPases in post-Golgi and endocytic
membrane traffic in Arabidopsis
The endomembrane organelles and their associated trafficking pathways
synthesise some of the most biologically and commercially important structures
in plants. Circumstantial evidence suggests that intracellular membrane trafficking pathways diversified independently in the plant kingdom but documented
examples are rare. Rab GTPases are essential regulators of membrane identity
and membrane targeting specificity in eukaryotic cells. Rab GTPase families
have diversified independently in the animal and plant lineages. We show that
in Arabidopsis root tips, the Rab-A2 and Rab-A3 subclasses define a novel postGolgi membrane domain that communicates with the plasma membrane and
early endosomal system and contributes substantially to the cell plate during
cytokinesis. In contrast to the Rab-A2 and –A3 subclasses, Rab-A5 proteins
define compartments with a distinct and apparently unique distribution at the
periphery of root meristematic cells.
We have also employed a screen based on accumulation of secreted GFP to
identify mutations that affect biosynthetic membrane traffic in Arabidopsis. Using
this screen we identified mutants in the GBF-family Arf GEF GNOM-LIKE1
(GNL1). We show that GNL1 is a BFA-resistant GBF protein that functions
together with a BFA-sensitive Arf GEF both at the Golgi and in endocytic
trafficking of PIN2 but not of other plasma-membrane markers. The evolution of
endocytic trafficking in plants was apparently accompanied by neofunctionalisation within the GBF family while in other kingdoms it occurred independently
by elaboration of additional Arf GEF families. A TILLING screen of additional
seedling-lethal secretory mutants suggests that several will identify components
of the trafficking machinery that are not previously well characterised.
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Ian Moore

University of Oxford
UK

Cellular dynamics in plant immunity
Plant defence in response to pathogen infection is tightly associated with
reprogramming of vesicle trafficking pathways. These include exocytic/secretory
routes for focal accumulation at pathogen penetration sites, and endocytic
pathways. To better understand the contribution of endocytic trafficking in plant
immunity we combine molecular and genetic approaches with cell biology. We
monitor, for example, defence reactions of mutants in known endocytosis
components upon pathogen infection. Previously, the FLS2 receptor responsible
for perception of bacterial flagellin (flg22) was demonstrated to undergo induced
internalization. In an attempt to identify molecular components of FLS2 endocytosis we isolated FLS2 interacting proteins. FIP1 localizes to the plasma
membrane and like FLS2 accumulates into endosomes upon flg22 elicitation.
The function of FIP1 function in plant development and immunity will be
discussed. To additionally elucidate the role of endocytic vesicle traffic during
plant defence we established a genetic screen for endocytosis mutants and
applied high throughput quantitative confocal laser microscopy (QCLM), which
will be described. We identified 12 fel mutants (fel = FYVE endosome levels)
with elevated or reduced vesicle numbers. Interestingly, fel4 not only displayed
increased vesicle numbers but also enlarged vesicles, while fel5 exhibits tissuespecific differences in endosomal numbers. Characterization of fel mutant
phenotypes will be presented.
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Nicolas Frei dit Frey
Yi-Ju Lu
Susanne Salomon
Thomas Spallek

Max-Planck-Institute for
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Auxin transport – connecting cell polarity and
patterning
Auxin is a prominent intercellular signal in plants and acts as a versatile trigger
of developmental change. Directional, active, cell-to-cell transport over short
distances mediates differential auxin distributions within tissues (auxin gradients)
that are required for various patterning processes, including apical-basal axis
formation, organogenesis and tropisms. Various environmental and endogenous
signals can be integrated into changes in auxin distribution through their effects
on intercellular auxin transport. Differentially expressed auxin transporters of the
PIN family, each with specific polar, subcellular localization form a network for
directional auxin distribution and formation of these local gradients. The activity
of PIN proteins can be regulated at the single cell level by changes in their
vesicle trafficking-dependent polar targeting. PIN proteins undergo cycles of a
clathrin-dependent endocytosis and ARF GEF-dependent recycling that serves
to feed-back regulate throughput and directionality of intercellular auxin flow.
Thus, the PIN-dependent auxin transport network, whose directional throughput
is modulated by both endogenous and exogenous signals, provides one of the
mechanisms underlying the plasticity and adaptability of plant development.
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Jiri Friml

Department of Plant
Systems Biology
VIB
and Department of Plant
Biotechnology and Genetics
Ghent University
9052 Gent
Belgium

Timing is everything: exploring links between
the circadian clock and hormone signalling
The circadian clock modulates many aspects of plant growth and development.
Hormone signaling similarly plays an essential and dynamic role in these
processes. Using genomic and physiological approaches, we have found
interactions between the circadian clock and stress and hormone signaling
pathways. Follow-up studies on links between clock and auxin signaling revealed
that plant sensitivity to auxin varies with the time of day and led to the
identification of a molecular node acting between the clock and auxin pathways.
These studies suggest that many aspects of plant physiology not previously
thought to be under circadian control may show time-of-day-specific sensitivity,
with likely important consequences for plant growth and environmental
responses.
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Growth regulation by GA-GID1-DELLA and
beyond
The DELLA proteins (DELLAs) are a subfamily of the plant-specific GRAS family
of putative transcriptional regulators that regulate plant growth in response to
the phytohormone gibberellin (GA). The DELLAs restrain growth, and GA
promotes growth by opposing DELLA function. Essentially, GA binds to a specific
GA-receptor protein (GID1), thus stimulating a GID1-DELLA protein-protein
interaction. This interaction itself promotes specific targeting of DELLAs for
destruction in the proteasome via the SCFSLY1 E3 ubiquitin ligase. Additional
signalling pathways, such as those associated with phytohormones other than
GA, and environmental variables such as light, temperature and nutrient status,
also influence plant growth via effects on the GA-GID1-DELLA growth-regulatory
mechanism. A genetic approach to identifying novel growth-regulatory factors
via mutagenesis of a DELLA-deficient mutant line will be outlined. The concept
that the DELLAs are integrators of multiple plant growth regulatory signalling
inputs will be explored, and the broader biological significance of DELLA function
will be illustrated, with particular emphasis on the question of how the GA-GID1DELLA growth-regulatory mechanism arose during land-plant evolution.
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Regulation of shade avoidance by a network
of bHLH class transcription factors
Light is a source of energy for plants, but also an important source of information
about the surrounding environment. Since plants are sessile organisms it is of
major importance that they adapt growth to changing light conditions. One wellstudied phenomenon is the shade avoidance response. In high vegetational
density the red:far-red (R:FR) ratio decreases, because photoactive pigments of
neighboring plants absorb R light, whereas FR light is mainly transmitted and
reflected. In Arabidopsis thaliana this change of light quality is detected by R/FR
photoreceptors known as phytochromes (phyA-phyE) and leads to the shade
avoidance response. In order to reach direct sunlight several morphological and
molecular changes take place. At the phenotypical level, shade avoidance is
characterized by elongation growth of stems and petioles at the expense of leaf
development. In addition plants have elevated leaf angles (hyponasty) and an
increased apical dominance leading to reduced lateral branching. At the
molecular level shade rapidly upregulates the expression of a number of
transcription factors including HFR1, ATHB2 and PIL1.
The Phytochrome-Interacting Factors PIF4 and PIF5 interact with the light
activated photoreceptor and promote growth responses under vegetational
shade. In direct sunlight they interact with phytochrome resulting in rapid
degradation of those bHLH class transcription factors. In shaded conditions the
phytochrome photoequilibrium shifts towards the inactive form of the
photoreceptor, that does not interact with PIF4 and PIF5. PIF4 and PIF5 thus
accumulate in low R:FR and lead to elongation growth responses. The related
bHLH class transcription factor HFR1 (long Hypocotyl in FR 1) limits excessive
shade-induced responses. We have studied the relationship between PIF4, PIF5
and HFR1 during shade avoidance at the molecular and physiological levels.
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Development of shape in plants
Much progress has been made recently in our understanding of how genes
control patterns of cell types or regional identities with in an organism during its
development. However, the link between this process of patterning and growth
or morphogenesis is much less well understood. Bridging this gap requires a
quantitative understanding of how genes modify growth of multicellular tissues
in 3D space at multiple scales. We have been addressing this problem using a
combination of genetic, morphological, computational and imaging approaches
in collaboration with Andrew Bangham (University of East Anglia) and
Przemyslaw Prusinkiewicz (Calgary). The results provide new insights into how
genes interact with patterns of growth at various scales to modify shape. The
talk will illustrate how integrating biological and computational methods may lead
to a quantitative mechanistic framework for development.
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Systems analysis of the diurnal regulation of
metabolism and growth
Plants grow continuously changing conditions. Every day they alternate between
photosynthesis in the light and respiration in the dark. Conditions also change
from day to day, and on a seasonal basis. We want to understand how plants
gauge their rate of growth to fluctuating resources. Our starting point is to ask
how they balance their carbon budget over a 24 hour cycle. Some photosynthate
is stored as starch in the light, and remobilised at night to support respiration
and growth. This process is precisely regulated, such that starch just lasts till
dawn. The rates of starch synthesis and breakdown and, by implication, the rate
of carbon use for growth are adjusted to allow this balance to be maintained
across a very wide range of photoperiods. This provides an excellent system to
understand how plants gauge allocation and growth to the carbon supply. We
have accumulated a large body of data about transcript levels, enzyme activities,
polysome loading, metabolite levels and growth rates during the perturbations of
the diurnal cycle in the reference Arabidopsis accession. These traits have also
been analysed in a set of genotypically-diverse Arabidopsis accessions, which
grow at different rates. I will discuss how we are using various sorts of models
to integrate these large and multi-level datasets.
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Unwinding the circadian clock with systems
biology
Systems biology approaches are helping us to understand the complexity of
circadian clock mechanisms, as one of three pilot projects in CSBE. To develop
mathematical models of the clock, we combine timeseries of molecular data and
luciferase reporter imaging, with analysis of clock mutants, and computational
parameter estimation. The models have predicted the properties of unidentified
regulators in the clock and the photoperiod sensor.
Models are now refined by direct comparison to data, and tested for their
robustness to parameter variations. This prioritises our experiments, including
measuring biochemical parameter values (Finkenstadt et al, Bioinformatics 2008;
O’Neill, unpublished).
Mathematical analysis helps us to understand the broad lessons from the
models, and their detailed mechanisms. Single measures of global properties
are useful to compare across species or mutants (flexibility dimension of Rand
et al, Interface 2004, or the functional robustness of Kitano, Mol Syst Biol 2007).
To unpick the biochemistry, we measure how one process, at one time, affects
one specific output. I will illustrate: 1. how the flexibility of timing favours clocks
with multiple feedback loops (Rand et al, J. Theor. Biol. 2006), 2. how complexity
in both the clock and the light input pathways reconfigures the Arabidopsis clock
under different photoperiods (Edwards, Akman and Troein, unpublished), and
how this affects photoperiodism, 3. a new and simpler experimental organism
that facilitates the testing of systems biology models, and that will be broadly
applicable to plant systems biology at the cellular level.
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Next-generation genetics: mapping and
mutant identification in one step by deep
sequencing
Identification of causative point mutations after forward genetic mutant screens
typically begins with genetic mapping, followed by transformation rescue or
candidate gene sequencing. We present a one step alternative: performing
hundreds of thousands of genotyping assays while sequencing all candidate
genes. This is accomplished by deep sequencing of a pool of F2 progeny
obtained by crossing to a polymorphic strain and does not require prior
knowledge of mapping markers. The application of high-throughput sequencing
shortens the overall time required for genetic mapping from months to weeks
and, importantly, greatly reduces investigator hands-on time. The steps requiring
investigator input are: DNA isolation (1 day), library preparation and validation (4
days), Illumina cluster generation and sequencing (2 days), and data analysis (1
day). Once the mapping population has been established, the present method
therefore allows a single investigator to identify a causative mutation within only
eight working days – approximately an order of magnitude faster than with
conventional methods.
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Uniparental expression of PolIV-dependent
siRNAs in the developing endosperm of
Arabidopsis
Most eukaryotes produce small RNA (sRNA) mediators of gene silencing that
bind to Argonaute proteins and guide them, by base pairing, to an RNA target.
Micro(mi)RNAs that normally target mRNAs for degradation or translational
arrest are the best understood class of sRNAs. However, in Arabidopsis thaliana
flowers, miRNAs account for only 5% of the sRNA mass and less than 0.1% of
the sequence complexity. The remaining sRNAs comprise a complex population
of more than 100,000 different small interfering (si) RNA transcribed from
thousands of loci. The biogenesis of most of the siRNAs in Arabidopsis are
dependent on Polymerase IV (PolIV) – a homologue of DNA-dependent RNA
polymerase II. A subset of these PolIV-dependent (p4)-siRNAs are involved in
stress responses and others are associated with epigenetic modifications to DNA
or chromatin but the biological role is not known for most of them. Here we
demonstrate that the predominant phase of p4-siRNA accumulation is initiated
in the maternal gametophyte and continues during seed development.
Expression of p4-siRNAs in developing endosperm is specifically from maternal
chromosomes. Our results provide the first evidence for a link between genomic
imprinting and RNA silencing in plants.
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Roles for RNA editing factors in leaf
development
RNA editing alters transcripts to differ from the DNA sequence they were
transcribed from, and thus breaks one of the central tenets of molecular biology
- that protein sequences can be predicted from the genes that encode them.
Over 600 cytidines in Arabidopsis organellar transcripts are specifically
deaminated to uridine by a process that is not fully understood. In the last year,
we have identified 14 pentatricopeptide repeat (PPR) proteins that specify editing
of target nucleotides in chloroplast or mitochondrial mRNAs. A failure to edit a
specific organellar RNA can give rise to phenotypes that are unobtainable by
any other means, given the intractability of Arabidopsis organelle genomes to
the usual genetic tools. The extent of editing of some sites varies from 0% 100% depending on tissue-type, developmental stage or growth conditions,
suggesting RNA editing may be a novel means of controlling gene expression.
As just one example, the PPR protein FLAVODENTATA (FLV) is required for
editing of rpoC1, encoding a subunit of the plastid RNA polymerase. A failure to
edit rpoC1 leads to delayed chloroplast biogenesis in leaf margins and
characteristic alterations in leaf morphology and symmetry. The target site for
FLV shows variable editing in wild-type plants, and the extent of editing can be
manipulated by altering FLV expression. The results imply previously
unsuspected routes by which nuclear and chloroplast gene expression are
coordinated.
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The circadian clock controls carbohydrate
metabolism and hence growth rate in
Arabidopsis plants at night
Using the model plant Arabidopsis, we have revealed the mechanism by which
the circadian clock optimises plant growth and productivity. We show that the
circadian clock has a central and previously unreported function in controlling
carbohydrate availability in leaves at night. Signals from the clock set the rate of
starch mobilisation to available sugars, so that plants are depleted of starch
precisely at the anticipated dawn. This timing is vital for the normal growth of the
plant: if starch reserves are exhausted before dawn there is a massive
transcriptional “starvation response” and growth stops.
By utilizing a combination of abnormal photoperiods, mutants defective in central
elements of the circadian clock and mutants defective in conversion of starch to
sugars we demonstrate unambiguously that 1) the rate of conversion of starch
to sugars in leaves at night is set by the circadian clock and 2) failure to set the
correct rate leads directly to reductions in plant growth rate.
Our results provide a new and unexpected perspective on the function of the
plant circadian clock, and are relevant to circadian biology in general. They also
have important implications for understanding plant productivity.
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Control of perennial flowering and perenniality in Arabis alpina
Annual plants complete their life cycle in one year and initiate flowering only
once, whereas perennials live for many years and flower repeatedly. Perenniality
of higher perennial plants is closely related to their specific flowering behaviours.
Although the molecular mechanism of flowering-time control has been
extensively studied in annual Arabidopsis thaliana, little is known in perennials.
We have developed a perennial model Arabis alpina, which is a relative of
A. thaliana, to study perennial specific flowering time control and perenniality
related issues including seasonal flowering, juvenility and polycarpy. We
identified the A. alpina mutant perpetual flowering 1 (pep1), and found that PEP1
contributes to seasonal flowering by restricting flowering to spring and adds to
polycarpic growth habit by preventing flowering in some branches. The pep1
mutation is in the orthologue of the Arabidopsis FLC gene. In contrast to the
stable epigenetic silencing of FLC caused by vernalisation, PEP1 is only
transiently repressed by low temperatures, causing repeated seasonal cycles of
repression and activation of PEP1 transcription that allow it to carry out functions
characteristic of the cyclical life history of perennials. The patterns of chromatin
modifications at FLC and PEP1 differ correlating with their distinct expression
patterns. Thus we describe a critical mechanism by which flowering regulation
differs between related perennial and annual species, and propose that
differences in chromatin regulation contribute to this variation.
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Local-scale population structure and outcrossing in Arabidopsis thaliana
Arabidopsis thaliana is increasingly employed to investigate questions in
evolution and ecology. It is thus critical to understand population structure and
dynamics of wild populations at a scale relevant to individuals. We collected
seeds from >1000 individuals in 78 populations within 25 km of Tuebingen,
Germany. We genotyped all plants at 436 single nucleotide polymorphism (SNP)
markers distributed across all chromosomes. We found pronounced variation
among sites in genetic diversity and heterozygosity. About 70% of sites contain
at least two distinct genotypes. Sites were strongly isolated and genetic identities
of individuals spaced more than a few dozen meters apart were very rare.
Distinct genotypes within populations tended to be more closely related than
those from different populations. Pairwise genetic distance comparisons among
genotypes in neighboring populations were often lower than comparisons among
more distant populations and nonparametric clustering often groups individuals
from nearby populations together. Some populations had surprisingly high
estimated outcrossing rates – up to 20% - while others were completely
homozygous with no evidence of past or ongoing outcrossing. We observed
striking differences between sites in rural and urban settings. Rural sites have
more distinct genotypes, higher genetic diversity, higher heterozygosity, and
evidence of past recombination. The picture emerging from our work, together
with other studies, is that A. thaliana exists in the wild in isolated populations
that differ greatly in structure, stability and natural history. Outcrossing is
sufficiently high in some populations to maintain overall genetic variation and
generate novel haplotypes with a regional stamp. These patterns have
implications for sampling for natural variation and ecological adaptation studies.
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FHY3 and FAR1 mediate red light input to the
Arabidopsis circadian clock
The circadian clock is tightly tied to the light environment. Transcriptional
feedback loops are able to generate a self-sustaining rhythm of approximately
24 hours, which impinges on almost every aspect of physiology in higher
organisms. However, light signals are essential to maintain an exact 24 hour
rhythm.
In Arabidopsis an endogenous circadian rhythm is generated by a set of
interlocked transcriptional feedback loops. Light directly affects the level of a
number of the clock components in plants. The photoreceptors involved have
been well characterised but the way in which they affect clock components is
only beginning to be understood.
The transcription factors, FHY3 and FAR1, play a key role in red light input to the
clock. We have shown that FHY3 and FAR1 positively regulate transcription of
key clock components in red light. As a result, fhy3 and far1 mutant seedlings
specifically display aberrant circadian rhythmicity under these conditions.
Moreover, this specific action of FHY3 and FAR1 has revealed novel interactions
between the various clock loops and has given us new insights into the
mechanism by which light can fine-tune the clock throughout the cycle of day and
night.
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Identification of CO2-binding proteins that
function as upstream mediators of CO2induced stomatal movements
Guard cells form stomatal pores in the plant epidermis that allow CO2 influx for
photosynthesis and transpirational water loss from plants. The continuing rise in
atmospheric CO2 causes closing of stomatal pores in leaves and thus globally
regulates CO2 influx into plants, leaf heat stress, and plant water use efficiency.
However, the CO2 binding proteins and mechanisms that control this CO2
response remain unknown. Moreover, the cell type that responds to CO2 mesophyll cells or guard cells - and whether photosynthesis mediates this CO2
response remain matters of debate, with a need for genetic investigation. New
findings will be presented showing that Arabidopsis mutant plants in leafexpressed CO2 binding proteins (CO2 Responsive Protein: CORP) display
strongly impaired CO2 -regulation of gas exchange and CO2 -regulated stomatal
movements, but retain functional abscisic acid and blue light responses. Data will
be presented demonstrating whether CORP-mediated stomatal CO2 signaling is
directly linked to photosynthesis and which leaf cell type mediates this response.
Interestingly, tissue-specific targeted over-expression of CORP in wild-type
plants greatly enhances water use efficiency. These findings, together with
epistasis and biochemical CO2 response analyses demonstrate that CORP
functions early in the stomatal CO2 signaling pathway and initiates CO2 control
of gas exchange between plants and the atmosphere.
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Membranes, temperature and the plant clock
Circadian clocks are an important adaptation to life on a rotating planet and are
found in all eukaryotes. The cycle of day and night is the major signal used by a
clock to synchronise with its environment. Temperature cycles can entrain the
Arabidopsis clock in constant light or dark, hence the circadian system also
integrates information from daily changes in temperature. However, no
temperature receptor is known in higher plants. Preliminary experiments have
revealed that the viscosity of wild type Arabidopsis plant cell membranes alters
across the day and this response is changed in plants with mutations in fatty
acid biosynthesis pathways (fatty acid desaturase (fad) mutants). We have
examined the circadian phenotypes of a range of fad mutants and found a subset
have temperature-sensitive circadian phenotypes and changes in temperature
compensation. Hypocotyl growth and flowering time are affected in the same
mutants, suggesting that fad mutations cause pleiotropic effects in a range of
light and clock pathways. This is suggestive that the membranes are involved in
temperature sensing. Given the apparent requirement for normal lipid synthesis
for temperature compensation of a fungal clock, this work will allow a
comparative view of ‘thermometer’ function in circadian clocks.
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Towards a spatiotemporal understanding of
the salt stress response
Plants are intimately associated with their environment and have developed
complex mechanisms to perceive, respond and adapt to fluctuations that may
arise. Recently, several studies have revealed the important contribution that
cell identity has in guiding the response to salt stress and other environmental
stimuli. While this work has revealed the vast complexity of the transcriptional
response, very little is known regarding the molecular mechanisms that control
these changes and how the initial responses assayed ultimately lead to stable
changes in the plant that enable adaptation. To shed light on these areas, we are
utilizing mutants defective in cell-type specification to determine what role each
cell layer plays in affecting salt response. Using the genetic pathway controlling
ground tissue development, we have been able to show that SHORTROOT, a
GRAS-family transcription factor, is necessary for responses to salt in the cortex
and epidermal cell layers. Furthermore, our preliminary data indicate that SHR
regulates the expression of ethylene biosynthetic genes in internal tissue layers
of the root, which may account for the non-cell-autonomous role of SHR in the
salt stress response. We have also expanded our studies to examine the
temporal regulation of salt response. Based on previous microarray analysis, we
have found that salt stress is characterized by waves of transcriptional activity.
We have used this temporal dynamism to identify “marker genes” whose
expression is associated with particular phases of the salt response. We are
analyzing the temporal expression of these markers under various salt
treatments to understand how the time course is modified. These studies are
accompanied by live-imaging analysis of roots to determine how the changes in
the transcriptional program correlate with the observed phenotypic changes. Our
results indicate that the concentration of salt has an important role in determining
the timing of transcriptional events.
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Novel RNA- and chromatin remodelingmediated regulatory mechanisms in plant
abiotic stress responses
Plants respond and adapt to drought, cold and high-salinity stresses. Many
stress-regulated genes have been identified by the expression profiling studies.
However, we think that novel non-coding RNAs and chromatin remodeling
mechanisms have additional functions in the regulation of plant stress
responses.
We applied Arabidopsis tiling arrays to study the whole transcriptome under
drought, cold, high-salinity stress and ABA treatment conditions1 and showed
that 7,719 non-AGI transcription units (TUs) exist in the intergenic regions. These
include 1,275 TUs that are induced by the treatments. Most of the non-AGI TUs
are hypothetical non-coding RNAs. About 80 percent of the non-AGI TUs belong
to pairs of the fully-overlapping sense-antisense transcripts (fSATs). Highcorrelation between the expression ratios (treated/untreated) of the sense TUs
and the ratios of the antisense TUs was observed in the SATs of AGI code/nonAGI TU. We found that the expression of sense TUs is necessary for the stressor ABA-inducible expression of the antisense TUs in the fSATs (AGI/non-AGI).
We determined the temporal and spatial changes in levels of lysine modifications
in histone H3 N-tail on the drought stress-inducible genes under drought stress
by ChIP analysis.2 Enrichments of H3K4me3 and H3K9ac correlate with gene
activation in response to drought stress in all genes studied. Interestingly,
establishment of H3K4me3 occurs after accumulation of RNAPII on the coding
regions of RD29A and RAP2.4. Enrichment of H3K23ac and H3K27ac occurs
under drought stress on the coding regions of RD29B, RD20 and RAP2.4, but
not on the coding region of RD29A. These results indicate that histone
modifications are altered with gene activation on the drought-responsive genes
under drought stress.
1 Matsui et al (2008) PCP 49:1135.
2 Kim et al (2008) PCP 49:1580.
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Sequencing across the genome-phenome
divide
The development of DNA sequencing technologies producing vast amounts of
sequence information has triggered a paradigm shift in biology, enabling
massively parallel surveying of complex nucleic acid populations. The diversity
of applications to which these technologies have already been applied
demonstrates the immense range of cellular processes and properties that can
now be studied at the single-base resolution. As part of the Arabidopsis 1001
genomes project (http://1001genome.org project), we have carried out both
resequencing and de novo sequencing and assembly of several accessions. In
parallel, we developed RNA-Seq and MethylC-Seq methods which now allow
sequence-level maps of the transcriptome and cytosine DNA methylome,
respectively. When combined with the genome sequences, an in depth view of
the relationship between genetic and epigenetic variation and their effects on
gene expression can be obtained. In addition, we have applied now-generation
DNA sequencing approaches to identify the sites of insertion of T-DNA in large
populations of arrayed plants. This approach should enable completion of the
Arabidopsis Unimutant Project, which aims to identify sequence-indexed
homozygous insertion mutations for all genes in the Col-0 genome (see
http://signal.salk.edu). Finally, a major deficiency in the repertoire of plant
genomic resources is the paucity of large-scale protein-protein and protein-DNA
information for Arabidopsis or any plant system. Genome-wide molecular
interaction maps (interactomes) are an indispensible tool for systems biology,
aid focused biological studies, provide network information for topological
analysis and aid the development of large-scale dynamic models. We have
created a first generation plant interactome map in a collaboration led by the
Center for Cancer Systems Biology. Utilizing both high throughput, high-quality
yeast-2-hybrid and improved protein array technologies, a 9k by 9k binary
interaction map has been developed using a recombination-vector based
ORFeome collection of sequence-validated Arabidopsis open reading frame
(ORF) clones. Properties of this first generation plant protein-protein interactome
map, examples of its utility and examples of novel biological insights derived
from it will be described.
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Sidestepping genetic redundancy with small
molecules
Genetic redundancy is pervasive in plants and can limit the ability of forward
genetic analysis to identify factors in a pathway. Small molecules can combat this
genetic redundancy, because their variable selectivity can illuminate functions for
otherwise redundant gene products. For example, an antagonist with low
selectivity can perturb the function of an entire protein family, while a selective
agonist can illuminate the function of one member of normally redundant
receptors, as we describe with our work on the selective ABA agonist pyrabactin.
Pyrbactin acts through PYRABACTIN RESISTANCE 1 (Pyr1), the founding
member of a family of START proteins called PYR/PYLs, which are necessary
for both pyrabactin and ABA signaling in vivo. Our data show that ABA binds to
PYR1, which in turn binds to and inhibits PP2Cs. We conclude that PYR/PYLs
are ABA receptors that function at the apex of a negative regulatory pathway
that controls ABA signaling by inhibiting PP2Cs. When assayed for ABA
sensitivity, Pyr/Pyl genes show redundancy, which we suggest prevented these
genes from emerging in ABA screens conducted over the last 20 years.
Pyrabactin’s selectivity for a subset of the PYR/PYL family enabled us to bypass
this redundancy, which masks ABA phenotypes in single mutants. Thus, our
results demonstrate the power of synthetic molecules to expose phenotypes for
otherwise redundant genes.
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EZ-Rhizo: New software for fast and accurate
measurement of root system architecture
Root system architecture (RSA) is a quantitative and dynamic output of the
signalling pathways that enable plants to sense and respond to changes in
nutrient supply. Considering that RSA is a complex trait composed of many
parameters that are interconnected through growth, development and
information flow it is very likely that many of its genetic determinants remain
uncovered unless we measure RSA comprehensively.
To allow fast and comprehensive measurement of RSA we have developed the
new software tool EZ-Rhizo.1 EZ-Rhizo detects roots from scanned images (e.g.
of Arabidopsis thaliana plants grown on vertical agar plates), and automatically
measures a set of primary and derived RSA parameters including path length,
vector length, straightness and angle of main and each lateral root as well as
number, position and density of (higher order) lateral roots. EZ-Rhizo deposits
all measured data into a database, which can subsequently be queried by the
user for individual parameters and/or metadata (e.g. genotype, growth
conditions, time point). We have already demonstrated the usefulness of EZRhizo for quantifying natural variation of RSA among A. thaliana ecotypes and
for extracting spatial and kinetic information on root growth.1 A free download of
EZ-Rhizo is available to the scientific community from our web page.2
For demonstration and training visit our computer station in the poster hall!
1 Armengaud, P. et al (2009) EZ-Rhizo: integrated software for the fast and
accurate measurement of root system architecture. Plant Journal 57, 5,
945-956
2 http://www.psrg.org.uk/
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One genome is not enough: Genome-species
genome variation in Arabidopsis thaliana
Genome-wide sequence variation among populations reveals the history of
evolutionary processes and ecological forces that molded species. In the “postgenomic” era, sequencing multiple natural strains from diverse populations has
becoming increasingly desirable in a broad areas such as evolutionary,
ecological and systems biology. As part of the 1001 genome project
(http://1001genomes.org), which aims to sequence at least 1001 strains of
Arabidopsis thaliana, we have completed a first pilot project, with 80 natural
strains from across Eurasia. Each strain was sequenced to 5- to 12-fold genome
coverage using Illumina’s sequencing-by-synthesis (SBS) technology. A
comprehensive inventory of sequence variation including single-nucleotide
polymorphisms (SNPs), small insertions/deletions (INDELs) and structural
variation were generated. The effects, patterns and distribution of sequence
variation have been analyzed and their population genetic implications will be
discussed.
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Evidence of neutral transcriptome evolution
in plants
An organism’s transcriptome is its set of gene transcripts (mRNAs) at a defined
spatial and temporal location. Since gene expression is affected markedly by
environmental and developmental perturbations, transcriptome divergence
among taxa will evolve through adaptive phenotypic selection. Here we show
that stochastic, evolutionarily neutral processes also drive transcriptome
divergence in plants. Among 14 Brassicaceae (cabbage family) taxa,
transcriptome divergence correlates positively with evolutionary distance
between taxa and with gene expression diversity within replicate samples.
Remarkably, the transcriptomes of functionally homologous tissues sampled
from different taxa have diverged more than the transcriptomes of functionally
discrete – and highly specialised – tissues from one taxa. These observations
are consistent with neutral evolutionary theories. Analysis at the individual gene
level has been performed using the ‘analysis of trait’ module of the Phylocom
software package, which is designed for the analysis of community phylogenetic
structure and character evolution. This has identified genes whose expression
level is under phylogenetic constraint and ‘Phylogenetic independent contrasts’
have been used in parallel to calculate evolutionary correlations of gene
expression across the Brassicaceae. Correlation analyses can then be used to
infer gene interaction networks that are evolutionary conserved. Web based tools
will be developed to enable users to identify genes that are evolutionary
correlated with their gene of interest.
Broadley et al 2008, New Phytologist: 180, 587-593
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Wide screening of phage-displayed protein
libraries to draw plant-pathogen interaction
maps
The interactions between plants and microorganisms in nature are complex and
diverse. In Arabidopsis, the availability of post-genomic tools makes possible
novel approaches to discover the molecular players involved in this diversity. We
have used a phage-display strategy to express Arabidopsis proteome during
microbial infection and to select for proteins able to bind microbial components.
To rapidly identify microbe-bound proteins in different plant pathosystems, we
developed a monitoring method using microarrays. This combined strategy
allowed for a genome-wide screening of plant genes involved in microbial
recognition.
Three phage-displayed libraries were constructed upon Arabidopsis infection
with Pseudomonas aeruginosa PA14, the virulent isolate DC3000 from P.
syringae Pto and an Avr isolate. These pathosystems represent different degrees
in the specificity of the plant-microbia interactions, which presumably involves a
large number of plant proteins. The libraries contain up to 2x10E7 plant
transcripts that are expressed as functional proteins fused to the capsid of T7bacteriophage. These proteins and their corresponding genes have been
rescued by the ability of phagemic particles to bind living Pseudomonas cells, in
a so-called “biopanning” selection. Bound and unbound proteins have been
monitored along biopanning rounds by hybridisation of biopanned phage DNAs
with microarrays. This has lead to a set of 205 proteins that are potential targets
for microbe binding. The set includes BAK1 and FRK1, two previously known
receptors of bacterial effectors, the plant defensin PDF1.2 and several NBSLRR proteins, which are predicted to be involved in pathogenesis. The set also
contains 28 unknown proteins, which have been first related to pathogenesis in
this work. Our results show the potential of this phage-display-based strategy
for wide exploration of plant-microbia interactions and provide a new tool for
post-genomic research in plants.
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Signalling modules controlling the stem cell
niche in Arabidopsis
Stem cell fate in shoot and root meristems is controlled by the interaction with the
stem cell niche. Several genes (encoding transcription factors or signalling
molecules) have been identified in recent years that are essential to promote or
restrict stem cell fate. I will discuss some of the mechanisms regulating stem
cell fate, and present recent data addressing commonalities and differences
between root and shoot meristems.
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PHYTOCALPAIN as a key regulator of growth
in plants
Co-ordination of cell division and expansion between different cell types (such
as epidermis and mesophyll) is critical for the efficient functioning of plant organs,
and is likely to be effected by multiple interlinked mechanisms allowing
adaptation to both exogenous and endogenous cues. Here we show that DEK1
(also known as PHYTOCALPAIN), a unique plant-specific protein, plays a
fundamental role in regulating both cell division and cell expansion in Arabidopsis
organs. DEK1 contains a domain showing high homology to animal cysteine
proteases of the calpain family. Unlike animal calpains, DEK1 has a highly
extended N-terminal region containing numerous predicted trans-membrane
spans. In plant tissue, the DEK1 calpain domain is released from the full-length
protein by autocatalytic processing. Expression of the active calpain domain
alone is sufficient for full complementation of the early embryo lethality caused
by loss of DEK1 function. Thus, as reported in some animal systems, cleaved
calpain may represent the activated form of the protein. Although decreased
accumulation leads to severe epidermal abnormalities, phenotypes generated by
over-expression of the active calpain domain show that DEK1 it does not directly
regulate epidermal cell fate. Instead we hypothesise that aspects of growthco-ordination which are critical for maintenance of epidermal integrity during
development are compromised by loss of DEK1 activity. Ongoing research into
understanding the mechanisms underlying DEK1–mediated growth control will
be discussed.
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Asymmetry, pattern and renewal
Arabidopsis stomatal development

in

Stomata are epidermal pores found on the surfaces of the aerial portions of most
land plants that function to regulate gas exchange between the plant and the
atmosphere. We use the development of stomata as a model for the generation
of cell fates and pattern during development. Stomatal guard cells are created
via a stereotyped set of asymmetric cell divisions whose number and orientation
are dictated by local cell-cell interactions and longer range signals from the
environment. We are interested in the nature of the positive and negative inputs
into this system and how they are integrated; to this end we have focused on
three major elements: (1) a set of related bHLH transcription factors that regulate
the cell divisions associated with establishing, maintaining and terminating the
stomatal lineage, (2) a negative regulatory circuit previously defined by receptorlike proteins and a Mitogen Activated Protein Kinase (MAPK) cascade, and (3)
novel proteins that carry out the asymmetric division process. We have
established direct regulatory relationships between the MAPK kinases and one
of the bHLHs and will discuss how stomatal development provides a test system
for deciphering complex regulatory networks. We will also introduce the novel
and asymmetrically localized protein BASL and a model for its activity in
differentiation and self-renewing cell divisions.
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Tissue patterning and growth coordinated by
a mobile microRNA and SHORT ROOT in the
root
One main interest in developmental biology is to understand the positional
information for tissue patterning in developing organs. In plants, regulation of
tissue patterning has to be coordinated with cell division to assist post embryonic
growth.
Here, we present a novel crosstalk mechanism mediated by SHORT ROOT
(SHR) that regulates root tissue patterning and growth. SHR proteins, produced
in the xylem and procambium of Arabidopsis roots, move to the rest of vascular
cylinder cells, endodermis, and QC. In the endodermis and QC, SHR directly
activates SCARECROW (SCR) and together forms a complex. SHR/SCR
complex regulates not only the development of ground tissues and QC but also
the cell proliferation and patterning in the vascular cylinder. In the shr or scr
mutants, fewer cell files form in the vascular cylinder and ectopic metaxylem
develops in the place of the protoxylem. We found that SHR/SCR regulate these
by directly activating a subset of miR165/166 genes in the endodermis.
MiR165/166 produced in the endodermis moves into the vascular cylinder and
restricts mRNA domains of PHABULOSA (PHB) and other class III HD-ZIP
transcription factors to the center of the vascular cylinder. In shr phb double
mutant, the protoxylem and cell proliferation were recovered in the vascular
cylinder. Furthermore, the root apical growth was also largely recovered without
the recovery of QC, suggesting the contribution of PHB mediated cell
proliferation in the vascular cylinder for apical root growth.
This novel crosstalk mechanism provides new insight into the patterning and
growth of developing organs.
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Leaf size is regulated by a cell-autonomous
system linking cell proliferation and postmitotic cell enlargement
During leaf development, a defect in cell proliferation often triggers enhanced
post-mitotic cell enlargement. This phenomenon is termed compensation. For
example, a Kip-related protein2 overexpressor (KRP2 o/x) and an angustifolia3
(an3) mutant show atypical compensation. In leaf primordia, differentiating cells
and proliferating cells are found in the apical and basal regions, respectively.
Until now, how, where and when cells in leaf primordia recognize the defect of
cell proliferation remained to be elucidated. In particular, whether compensation
is induced non-cell-autonomously or not is totally unknown. To solve these
questions, we designed an experimental system, which can make mosaic leaves
expressing KRP2 or AN3 by CRE/Lox.
First, we assessed the functionality of our system. When KRP2 overexpression
was shut off within the whole very young leaf primordium, compensation was
restored, suggesting that the system was functional. We next examined whether
KRP2 directly regulates enhanced cell enlargement. When KRP2
overexpression was induced in the postmitotic cells, cell enlargement was not
enhanced, supporting the idea that enhanced cell enlargement was not a direct
function of KRP2 but caused by a defect in cell proliferation. As for cell autonomy,
we analyzed cell size in mosaics. We found that KRP2 mosaics contained two
distinct cell-size classes that were equivalent to wild-type and KRP2 o/x in size,
respectively. This fact indicated that compensation in KRP2 o/x is induced cellautonomously. Indeed, in the boundary of mosaics, size of genotypically
wild-type and KRP2 o/x cells are not affected by the other genotype. Our results
suggested that the activity of cell proliferation is memorized in each cell at least
in the case of KRP2 o/x. We will discuss the system behind the compensation
based on these results and data from AN3 mosaics now being characterized.
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Repression of apical HD-ZIP III homeobox
genes is required for Arabidopsis embryonic
root development
Development of seed plant embryos is polarized along the apical-basal axis.
This polarization occurs in the absence of cell migration and culminates in the
establishment of two distinct pluripotent cell populations; the shoot and root
apical meristems (SAM, RAM), which post embryonically give rise to the entire
shoot and root systems of the plant. The acquisition of genetic pathways that
delimit root from shoot during embryogenesis must have played a pivotal role
during land plant evolution because roots were likely derived from shoots of
ancestral vascular plants. However, such pathways are very poorly understood.
Here we show that RAM establishment in the model plant Arabidopsis thaliana
requires restriction of the Class III HOMEODOMAIN-LEUCINE ZIPPER (HD-ZIP
III) proteins PHABULOSA (PHB) and PHAVOLUTA (PHV), which direct both
SAM development and shoot lateral organ polarity. Failure to restrict PHB and
PHV expression via a microRNA (miRNA)-dependent pathway prevents correct
elaboration of the root development programme. As such, repression of a
fundamental shoot development process is essential for correct root
development.
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Using pathogen effectors to understand host
resistance mechanisms
Plant pathogens use small molecules and also proteins to render their hosts
susceptible. Many bacteria and other pathogens use a specialized secretion
system to deliver proteins into host cells that interfere with host defence. We
have taken advantage of the bacterial type III secretion system (T3SS) to
investigate effectors from filamentous pathogens such as oomycetes. We are
using T3SS delivery of oomycete effectors from Pseudomonas sp to investigate
the effector complement of the downy mildew pathogen Hyaloperonospora
parasitica (Hpa). I will report recent data on Hpa effector functions and on the use
of the Solexa/Illumina sequencing instrument to advance our understanding of
Hpa pathogenicity. We are using Illumina paired read sequencing and Velvet
software (Zerbino and Birney, Genome Research, 2008) to assemble sequences
of multiple races of another oomycete pathogen, Albugo candida, which is
particularly effective at shutting down host defence. The analysis of its effectors
is likely to provide very interesting new insights into host defence mechanisms.
In addition, we are using T3SS delivery of oomycete effectors to investigate the
molecular basis of pathogen/host specificity and non-host resistance. An update
on recent progress will be presented.
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Pathogen effectors and host responses
To enable a pathogenic lifestyle many organisms produce a repertoire of proteins
that enable them to colonize host tissue. These proteins, effectors, are likely to
be targeted to suppressing host immune mechanisms and redirecting nutritional
resources to benefit the pathogen. We are studying the interaction between the
downy mildew pathogen Hyaloperonospora arabidopsidis and Arabidopsis. We
have just completed the sequencing of the H. arabidopsidis genome and it
reveals a gene content that suggests that it has been adapted to a biotophic
lifestyle. It has a very large effector content that suggests complex mechanisms
of interaction between host and pathogen. We are analyzing the role of individual
effector proteins in interacting with the host plant immune system. Finally, we
are analyzing the role nature of the host plant response to biotic and abiotic
stress using systems biology approaches.
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Endocytic trafficking: New players in FLS2/
flagellin signaling
Cell surface receptor kinases serve as sensors for internal and external stimuli
that trigger signaling cascades and are evidently important for developmental
regulation and self from non-self discrimination. Active defenses are initiated
upon receptor-mediated perception of so-called pathogen-associated molecular
patterns (PAMPs). One of the best-studied PAMPs is bacterial flagellin (flg22),
which is recognized by the receptor kinase Flagellin Sensing 2 (FLS2). Upon
flg22 sensing, FLS2 elicits an array of defense responses, which enhance plant
immunity to prevent bacterial infection and proliferation. Concomitantly, activated
FLS2 translocates to an endosomal pool reminiscent of receptor-mediated
endocytosis. Although both, PAMP perception and receptor trafficking became
a focus of research in the past years, there is largely nothing known about
downstream molecules of receptor signaling and regulatory components of
receptor endocytosis.
To identify such components we searched for FLS2 Interacting Proteins (FIPs)
by yeast split-ubiquitin screening. FIP1 is a member of a gene family encoding
transmembrane proteins, which potentially regulate cellular Ca2+ levels. Using
chemical interference we showed that flg22-triggered FLS2 endocytosis requires
changes in the Ca2+ distribution. FIP1-GFP was clearly localized to the plasma
membrane and notably, was internalized into endosomes upon flg22 treatment.
We will further discuss in planta interaction and co-localization of FLS2 and FIP1.
Moreover, mutant plants devoid of FIP1 and its close homologue FIP1-like are
impaired in flg22-triggered responses, which was confirmed by chemical
inhibition of FIP1 activity. This suggests that FIP1 is a critical component of
FLS2 signaling. A detailed characterization of fip1/fip1-like phenotypes will be
presented. Unlike FIP1, FIP2 appeared to mostly localize to the cytoplasm. It
codes for a soluble kinase and currently, we are addressing the relevance of
FIP2 in FLS2 signaling and endocytosis.
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Post-translational modifications of the transcription co-activator NPR1 regulate plant
immunity
Systemic acquired resistance (SAR) is a plant immune response effective
against a broad-spectrum of pathogens. Activation of SAR is associated with
dramatic transcription reprogramming of over 2,200 genes to prioritize defense
responses over normal cellular functions. The transcription co-activator NPR1
directly or indirectly controls the expression of most of these genes. In the
cytoplasm of resting cells, NPR1 forms an oligomer through redox-sensitive
intermolecular disulfide bonds. Upon induction of SAR, changes in cellular redox
result in the release of NPR1 monomers, which translocate to the nucleus and
modulate gene transcription. To gain a better understanding of transcriptional
regulation in SAR, we investigated pathogen-induced changes in the equilibrium
between NPR1 oligomer/monomer conformations and studied the behavior of
NPR1 in the nucleus. We found that distinct post-translational modifications of
NPR1 control its activity. In the cytoplasm, S-nitrosylation of NPR1, a process in
which nitric oxide is covalently attached to a cysteine thiol, promotes oligomer
formation, while thioredoxins (TRX) facilitate the opposite oligomer-to-monomer
reaction. Moreover, in the nucleus NPR1 activity is regulated by cycles of sitespecific phosphorylation coupled to ubiquitin-mediated degradation by the
proteasome. Degradation not only restricted the activity of NPR1 in the absence
of pathogen threat, it surprisingly also played a critical role in promoting coactivator activity upon induction of SAR. The intimate interplay between different
post-translational modifications and their dynamic effects on NPR1 activity will
be fundamental to our discussion of regulatory mechanisms that govern plant
immune responses.
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New classes of proteins forming complexes
with resistance proteins
Resistance (R) proteins directly or indirectly recognize cognate pathogen
effectors, thereby activating effector-triggered immunity (ETI). Two types of
proteins have been reported to form complexes with the NB-LRR class of R
proteins before R proteins are activated by the effectors: chaperone-type
proteins such as RAR1 and SGT1; and protein targets (or decoys) of the
effectors, such as RIN4. We used a biotin affinity-purification tag to purify R
protein complexes (Qi and Katagiri, Plant J. 57, 932 (2009)) and identified new
classes of candidate proteins forming complexes with the NB-LRR proteins
RPS2 and/or RPM1 before R protein activation. One class consists of the
hypersensitive response-induced reaction (HIR) proteins, which is characterized
by the stomatin/prohibitin/flotillin/HflK/C (SPFH) domain motif. A close physical
association between RPS2 and a HIR protein was confirmed by fluorescence
resonance energy transfer (FRET) after transiently expressing RPS2::CFP and
HIR::YFP in N. benthamiana. In addition, HIR proteins make homo- and heteroHIR protein complexes. As HIR proteins are localized in lipid rafts in the plasma
membrane, RPS2 may also be localized in lipid rafts prior to activation. We will
report other classes of proteins in resistance protein complexes in addition to
the HIR proteins.
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Autophagic components contribute to hypersensitive cell death in Arabidopsis
Recent studies implicate autophagy as a pro-survival mechanism in plants that
restricts programmed cell death (PCD) associated with the pathogen-triggered
hypersensitive response (HR). This model is based on the observation that HR
lesions show unrestricted spreading in tobacco and Arabidopsis plants with
RNAi-mediated reduction of autophagy gene expression. We examined HR PCD
responses in autophagy-deficient Arabidopsis knockout mutants (atg), and report
that infection-induced lesions are contained in atg mutants. HR PCD conditioned
by one class of innate immune receptors through the defense regulator EDS1 is
suppressed in atg mutants. Furthermore, we demonstrate that PCD triggered by
immune receptors via NDR1 is either autophagy-independent or engages
autophagic components with cathepsins and other unidentified cell death
mediators. Thus, autophagic cell death contributes to HR PCD and can function
in parallel with other pro-death pathways.
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Untangling transcriptional regulatory networks modulating hormone responses
The phytohormone ethylene plays critical roles in growth, defense and a myriad
other plant processes by regulating the expression of large and diverse sets of
genes through control of protein stabilization of the master transcriptional
regulator EIN3. Using ChIP-Seq and RNA-Seq methods, we found that EIN3 is
involved in a feedback loop that controls both positive and negative components
in ethylene signaling. Several ethylene receptor genes are direct EIN3-binding
targets, along with genes encoding CTR1 protein kinase and EBF1/EBF2, EIN3binding F-box proteins, EER5, a proteasome-related signalosome subunit that
is proposed to be involved resetting the ethylene-signaling pathway, as well as
RAN1 a copper transporter involved in ethylene receptor function. We also
identified a number of positive regulators in the ethylene signaling pathway
components among the list of EIN3 direct target genes. Confirming that a
massive transcriptional cascade is a critical aspect of the diverse responses
mediated by ethylene output pathways, we identified many AP2/ERF and WRKY
transcription factors as direct EIN3 binding targets; several of which are known
to be involved in mediating responses to pathogens. In addition, we identified key
points of hormone crosstalk of ethylene with other hormones. Direct EIN3 targets
included several of the master regulatory transcription factors controlling growth
regulation by other hormones, revealing new (and direct) connections among
these signaling pathways. Additional EIN3 targets include enzymes for hormone
biosynthesis or conjugation, further supporting the existence of connections
among hormone pathways. Finally, we merged the EIN3-target information with
global gene expression information and a large protein-protein interaction
network (Braun et al. CCSB-Harvard/Salk, unpublished) to establish a first
generation hormone interactome network map. As indicated by the multitude of
connections between different nodes in the network, EIN3 targets encompass
numerous hormone biosynthesis and signaling pathways which can now be
further explored.
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The brassinosteroid signal transduction
pathway
Molecular genetic studies in Arabidopsis have identified several brassinosteroid
(BR) signaling components and provided an outline of the BR signal transduction
pathway from the cell surface receptor to nuclear gene expression. When BR
levels are low, the BIN2 kinase phosphorylates the BZR1 and BZR2 (also named
BES1) transcription factors to inhibit their DNA binding and reduce their nuclear
localization through the phosphopeptide-binding 14-3-3 proteins. BRs bind to
the BRI1 receptor kinase at the cell surface and activate a signalling cascade
that leads to dephosphorylation and activation of the BZR1 and BZR2
transcription factors, presumably by inhibiting the BIN2 kinase or activating the
BSU1 phosphatase. How activation of BRI1 leads to inhibition of BIN2 or
activation of BSU1 has remained a major gap in our understanding of the BR
signalling pathway. This gap is now filled by proteomic and biochemical studies.
Using quantitative proteomic studies we identified a class of BR signalling
kinases (BSKs) as BRI1’s substrates. Biochemical studies demonstrated that
BRI1 phosphorylation of BSKs promotes BSKs’ interaction with a downstream
component that inactivates BIN2 by dephosphorylation. Our study has thus
closed the last gaps in the BR signalling cascade from receptor kinases to
transcription factors. Furthermore, we have performed chromatin immunoprecipitation-microarray (ChIP-chip) and identified about a thousand BZR1-target
genes that are regulated by BR. These primary targets of BR signalling include
key components of other signalling and developmental pathways as well as
specific cellular structure and functions, providing a global map of steroid actions
in Arabidopsis. As such, a complete BR signalling pathway from signal
perception at cell surface to gene expression and cellular and developmental
responses is emerging.
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Cytokinin signaling: Two-components and
more
Cytokinins have been implicated in a wide variety of plant growth and
development processes and have been shown to interact with various other
signals. Recent studies have demonstrated that cytokinin signal transduction
occurs through a classic bacterial two-component signaling system, in which
signal propagation relies on the transfer of phosphates between alternating
histidine and aspartic acid residues. Genes encoding proteins corresponding to
each of these two-component elements have been identified in Arabidopsis.
Using molecular, genetic and biochemical approaches, the roles of the
Arabidopsis two-component genes in plant growth and development have been
defined. There is extensive functional redundancy in these gene families.
Analysis of lines harboring multiple disruptions in multiple two-component genes
has indicated that these elements play roles in various signaling pathways. The
effect of these loss-of-function mutations on various aspects of growth and
development and on the response to environmental interactions will be
presented. We have also identified a number of transcription factors that are
regulated by cytokinin using a variety of approaches. The analysis of the role of
these transcription factors in cytokinin function will be discussed.
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A regulated auxin minimum is required for
tissue patterning in Arabidopsis fruit
Local hormone maxima are essential for the development of multicellular
structures and organs. For example, steroid hormones accumulate in specific
cell types of the animal foetus to induce sexual differentiation and concentration
peaks of the plant hormone auxin direct organ initiation and mediate tissue
patterning. Here we show the first example of a regulated local hormone
minimum required during organogenesis. Our results demonstrate that formation
of a local auxin minimum is necessary for specification of the valve margin
separation layer where Arabidopsis fruit opening takes place. Consequently,
ectopic production of auxin, specifically in valve margin cells, leads to a complete
loss of proper cell fate determination. We demonstrate that the valve margin
identity factor INDEHISCENT (IND) is responsible for forming the auxin minimum
by altering the polarity of PIN auxin efflux carriers. IND re-localises PINs by
directly regulating expression of the genes encoding the PINOID kinase and the
close relative, WAG2, which have been shown to direct PIN polarity. We propose
that the simplicity of formation and maintenance make local hormone minima
particularly well-suited to specify a small number of cells such as the stripes at
the valve margins. To our knowledge this is the first report of a regulated
signalling minimum in plants or animals.
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Dynamic, auxin-responsive plasma membrane to nucleus movement of Arabidopsis
BRX
In Arabidopsis, interplay between nuclear auxin perception and trans-cellular
polar auxin transport determines the transcriptional auxin response. In brevis
radix (brx) mutants, this response is impaired, this is thought to be an indirect
effect of disturbed crosstalk between the auxin and brassinosteroid pathways.
Here we provide evidence that BRX protein is plasma membrane-associated,
but transfers to the nucleus upon auxin treatment to modulate cellular growth.
Application of the specific polar auxin transport inhibitor naphthalene phtalamic
acid (NPA) results in increased BRX abundance at the plasma membrane. Thus,
nuclear translocation of BRX could depend on cellular auxin concentration or on
auxin flux. Supporting this idea, NPA treatment of wild type roots phenocopies
the brx root meristem phenotype. Moreover, BRX is constitutively turned over
by the proteasome pathway in the nucleus. However, a stabilized C-terminal
BRX fragment significantly rescues the brx root growth phenotype and triggers
a hypocotyl gain-of-function phenotype, similar to strong overexpressors of full
length BRX. Therefore, while BRX activity is required in the nucleus, excess
activity interferes with normal development. Finally, similar to PIN-FORMED
(PIN) auxin efflux carrier, BRX is polarly localized in vascular cells and subject
to endocytic recycling. Expression of BRX under control of the PIN1 promoter
fully rescues the brx short root phenotype, suggesting that the two genes act in
the same tissues. Collectively, our results suggest that BRX may provide a
contextual read out to synchronize cellular growth with the auxin concentration
gradient across the root tip.
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Divide et impera – cell division in the root and
its control through ABA
Abscisic acid (ABA) is primarily known as a stress hormone that relays the plants
responses to environmental signals such as drought, salt stress or cold.
Increases in ABA concentration lead to inhibition of root growth but it is unclear
what the underlying cellular and molecular mechanisms are. Detailed analysis of
root growth and cell division markers revealed that ABA regulates growth of
primary and lateral roots by influencing cell division rates. Further analysis of
cell cycle component mutants provide the first evidence for a molecular
mechanism connecting the ABA signal with the cell cycle machinery.
We are also interested where in the root the ABA signal is perceived and have
used a transactivation approach to investigate whether any root tissue is
particularly important for ABA signal perception. Results will be presented that
show that it is indeed possible to render the whole root ABA insensitive by
blocking ABA perception in one cell file. Cell division rates in the root apical
meristem have to be orchestrated between cells of different identities, sizes and
shapes and the wider implications of this finding on the control of cell division in
the root will be discussed.
In summary, we show some of the mechanisms by which ABA integrates
environmental responses into the root developmental growth program and thus
shapes root growth.
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A level-set model of leaf form development
A key question in biology is to understand how organismal form is generated
through the process of development. Here we focus on the development of
leaves. To this end, we integrate developmental genetics and computational
modeling to compare the mechanisms that shape the simple leaf of the model
plant Arabidopsis thaliana and the compound subdivided leaf of its close relative
Cardamine hirsuta. The models capture the feedback between the dynamic
emergence of auxin convergence points on the leaf margin, and the
development of leaf shape. Following the level-set methodology, this
development is simulated as the propagation of leaf margin over time. The
propagation rates are informed by the interplay between auxin and gene
expression in the leaf margin. We test and validate these models by interrogating
experimental data for A. thaliana, C. hirsuta and their mutants and transgenic
variants.
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Dynamic modeling of the signal transduction
network corresponding to abscisic acid
induced stomatal closure in Arabidopsis
thaliana
During drought, the plant hormone abscisic acid (ABA) inhibits stomatal opening
and promotes stomatal closure, thereby promoting water conservation. This talk
will present a discrete dynamic model of ABA-induced stomatal closure based on
a reconstruction of the signal transduction network corresponding to this process.
Our model captures the regulation of more than forty identified network
components, and accords well with previous experimental results at both the
pathway and whole cell physiological level. By simulating gene disruptions and
pharmacological interventions we find that the network is robust against a
significant fraction of possible perturbations. Our model predicts that the disruption of membrane depolarizability, anion efflux, actin cytoskeleton
reorganization, cytosolic pH increase, the phosphatidic acid pathway or of K+
efflux through slowly activating channels lead to the strongest reduction in ABA
responsiveness. We experimentally tested and validated one of these
predictions. We are currently extending the model by performing protein-protein
interaction assays, by theoretical analysis of the dynamical behaviors allowed by
the model, and by synthesizing the signal transduction network corresponding to
light induced stomatal opening. Our model offers a roadmap for the identification
of manipulations that have the best chance of conferring increased drought
stress tolerance and for the prioritization of future experiments. Several steps of
this work have now been formalized into software applications.
1 Li, S., Assmann, S. M. & Albert, R.2006. Predicting essential components of
signal transduction networks: A dynamic model of guard cell abscisic acid
signaling, PLoS Biology 4: e312.
2 Kachalo, S., Zhang, R., Sontag, E. D., Albert, R., DasGupta, B. 2008. NETSYNTHESIS: A software for synthesis, inference and simplification of signal
transduction networks. Bioinformatics 24:293-295.
3 Albert, I., Thakar, J., Li, S., Zhang, R. and Albert, R. 2008. Boolean network
simulations for life scientists, Source Code for Biology and Medicine 3, 16.
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Modelling cell division in the Arabidopsis leaf
epidermis

The Arabidopsis leaf epidermis is a tissue consisting of a single layer of cells of
various sizes, shapes and functions, arranged in an intricate two-dimensional
pattern. We aim at understanding this pattern with a combination of time-lapse
imaging and computational modeling techniques.
We have developed the ability to image Arabidopsis seedlings continuously for
up to seven days using time-lapse confocal microscopy. The resulting movies
capture the dynamic nature of the leaf development. From these movies we
extract the information about cell growth, timing of cell divisions and placement
of division walls, which is used to produce an initial descriptive model. We then
gradually replace direct data with hypothetical deterministic rules of cell division
within a growing leaf epidermis, and verify the results by comparing the output
to the data.
The model has already made it possible to test existing theories of how and
when cells divide, and resulted in the falsification, in the case of Arabidopsis
leaves, of several rules previously reported in the literature. We have verified
rules that predict the position of dividing walls in non-differentiated cells. The
model is currently being extended to include rules for the timing of cell division
and the differentiation of stomata. The model thus provides a framework for
understanding how complex patterns of epidermis cells develop and accommodate differentiated cells, and suggests that the observed complexity may by
an emergent property of a small set of simple, possibly deterministic rules.
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Timing of cell division determines the relative
cell size pattern in Arabidopsis
A fundamental question in biology is how a pattern of different cell types develops
from a field of relatively uniform cells. Developmental decisions take place in a
dynamic environment, but in most cases it is not known how the growth and
proliferation of cells contribute to pattern formation. In Arabidopsis, one such
pattern is seen on the sepal epidermis where highly elongated and polypoid giant
cells are interspersed between smaller pavement cells. We have used a
combination of live imaging, image processing, modeling, and genetic
approaches to determine how this pattern is established. We predict by modeling
that the relative cell size is determined by the time at which individual cells make
a stochastic decision to exit the cell division cycle and continue to grow and
replicate their DNA without dividing, through endoreduplication. We have tested
the model using live imaging and shown that giant cells start to endoreduplicate
early during sepal development whereas the neighboring cells undergo multiple
divisions. The model predicts that the probability that cells enter endoreduplication is a major determinant of pattern, with a higher probability causing
over-production of giant cells and a lower probability resulting in the absence of
giant cells. We show that these predicted phenotypes are produced by
overexpressing the cell cycle inhibitor KRP1 (Bemis and Torii, 2007) and loss of
function mutations in a cell cycle inhibitor gene that we name LOSS OF GIANT
CELLS FROM ORGANS (LGO), respectively. We demonstrate that the timing of
endoreduplication is perturbed accordingly. Thus in the Arabdisopsis sepal, a
key determinant of pattern formation is a stochastic decision by equivalent cells
whether to divide or endoreduplicate.
Bemis, S.M., and Torii, K.U. (2007). Dev Biol 304, 367-381.
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A systems biology approach to understanding the root clock
In Arabidopsis, lateral roots are formed through the production of new meristems
from pericycle cells located at the xylem poles. Using an in vivo imaging system
we observed that positioning of these new meristems and the wave pattern
formed by the primary root follow a temporal periodic distribution with an
associated period of around 6 hours. However, the mechanisms that lie behind
the initiation of lateral root primordia and the selection of only some pericycle
cells to undergo dedifferentiation to form a new root are not known. Previous
reports have shown that expression of the auxin response reporter DR5 correlate
with lateral root initiation and that auxin production in pericycle cells is sufficient
to initiate a new lateral root. Our results indicate that DR5 expression in the basal
meristem oscillates following the pattern of a wave propagating along the
longitudinal axis of the primary root. To further understand this oscillatory
mechanism and lateral root positioning we performed microarray analyses of
two different root segments, the basal meristem and the adjacent upper region,
of 40 individual roots. Our results show two sets of genes oscillating in opposite
fashion. We hypothesize these genes are the basis of the molecular mechanism
determining lateral root positioning, and therefore make up a clock that
establishes lateral root initiation time. Other computational approaches as well
as analysis of several mutants, impaired in lateral root formation and other
developmental process, suggest that this clock might be also regulating other
periodic processes in the root, such as waving.
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From protein dynamics to physiology: phytochrome B mediated photomorphogenesis
Plants have evolved a variety of sophisticated mechanisms to respond and adapt
to exogenic factors in their natural environment. Multiple photoreceptors regulate
the plant’s development according to the spectral quality and light intensity. In a
combined experimental and theoretical approach we gain new insights into the
phytochrome B controlled signal transduction system in Arabidopsis thaliana.
By suggesting a multiscale approach we connect the mesoscopic phytochrome
B protein dynamics to the macroscopic response. Using the protein dynamics in
combination with a model for hypocotyl growth, we estimate the relevant dynamic
parameters of the phytochrome pathway and the growth kinetics. We challenge
the model by predicting the fluence rate response behavior for an overexpression line. Furthermore, we predict from the theoretical considerations that
the hypocotyl length depends on the total phytochrome amount in an algebraic
manner. Using experimentally measured phytochrome levels of different mutants
and the corresponding hypocotyl lengths, we find an excellent agreement
between our theoretical prediction and the experimental results. Hence, our
multiscale approach captures the main features of phytochrome B mediated
photomorphogenesis in Arabidopsis.
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Arabidopsis as a model for cell wall biosynthesis in bioenergy crops
Declining sources of fossil fuels, global warming and political instability in oil
producing regions have led many countries to develop strategies for alternative
energy. Plant biomass is a convenient way to harness solar energy and
photosynthesis, and biomass is already an important supplement to fossil fuels.
However, the energy efficiency of biofuel production is low, and environmental
impact can be high. There is a great need to develop new technologies that can
provide fuels, especially liquid fuels for transportation, in an efficient and
environmentally friendly way.
Plant cell walls are composed mainly of polysaccharides and production of
biofuels from biomass requires decomposition of the polymers. Many of the
polymers are recalcitrant to degradation and some degradation products cannot
be converted efficiently into fuels or may even be inhibitory. Better understanding
of the biosynthesis of the cell wall polysaccharides may enable development of
crops with improved properties as biofuels feedstocks. Despite rather detailed
information on the structure of the cell wall polysaccharides, little is known about
their biosynthesis. The key enzymes are glycosyltransferases (GTs) and plants
need a large number of GTs to synthesize the complex polysaccharides present
in the walls. However, only a few GTs have had their activity demonstrated. In
Arabidopsis, approximately 450 GT genes have been identified, and The Joint
Bioenergy Institute has undertaken a systematic analysis of these enzymes.
Biosynthesis of hemicelluloses is particularly important since they are the most
abundant non-cellulosic component in biomass.
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Systems biology of lignification and relevance to biofuels
With increasing concerns about global warming and energy security, it is
important to reduce dependence on fossil fuels. Biofuels are widely accepted to
be a valuable alternative to achieve part of this objective. Bioethanol, as one of
the major biofuels, is nowadays mainly made from food crops such as maize
and sugarcane. However, much higher energy efficiencies are expected when
bioethanol could be derived from lignocellulosic material such as wood or straw.
This process, which includes fermentation after acid or enzymatic hydrolysis of
the cell wall polysaccharides, is expensive due to some practical hindrances.
One of the major barriers is lignin, an aromatic polymer and important
component of the secondary cell wall. Lignin reduces access of enzymes and
chemicals to cell wall polysaccharides, thus reducing the efficiency of hydrolysis.
A solution to this issue is designing tailor-made lignin in biomass crops, in order
to make the cell wall more applicable for processing, without introducing
detrimental effects on plant growth. To succeed in this fragile balance-exercise,
system-wide knowledge about lignification is needed.
We used Arabidopsis as a model species to determine the effects of altering
lignin composition and content on both plant growth and biofuel processing
efficiency, and to obtain insight into the cross-talk between lignin biosynthesis
and other metabolic pathways and processes. A complete set of mutants, each
defective in a lignin biosynthetic step, is investigated by transcriptomics (via
microarrays) and metabolomics (via GC/MS and LC/UV-MS). The data reveal
that genetic modification of monolignol biosynthesis in the cell wall has wideranging consequences on a number of metabolic processes. Molecular insight
into these pleiotropic effects is essential if we want to design cell walls for end
use applications.
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Exploiting model species to increase biomass yield in energy crops
There is an urgent need to generate higher yielding energy crops in order to
mitigate fossil fuel usage whilst minimising competition with food production. In
contrast with model species, there is very little known about these novel crops.
Molecular breeding relies on good understanding of the interaction between the
genotype and the phenotype, so a combination of molecular approaches and
intense phenotyping are required in order to achieve improved genotypes in the
near future.
Miscanthus is a tall grass from South East Asia, which can grow to over 3m and
produce yields of up to 14t/ha in the UK. Current plantings consist of a single
sterile genotype M.x giganteus. The collection based at IBERS, Aberystwyth,
comprises several hundred different genotypes comprising a wealth of diversity,
which is ideal for genetic studies and forms the basis of the Miscanthus breeding
program.
A number of key traits have been identified for increasing biomass yield,
including spring emergence, light interception, stem morphology and flowering
time. Genetic information from other species is used to select candidate genes
for use in association studies using the Aberystwyth collection. Linking genotype
to phenotype provides fundamental understanding of how a giant perennial plant
develops. Using this knowledge to generate molecular markers for alleles
conferring desirable traits will accelerate the breeding cycle and thereby allow
more rapid development of lines adapted for their environments and end usage.
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Assembly of the Cellulose Synthase Complex
occurs within a specialised compartment that
is derived from the endoplasmic reticulum
Cellulose is synthesised at the plasma membrane by a large multiprotein
complex termed the Cellulose Synthase Complex (CSC). In cells that undergo
deposition of a secondary cell wall, the CSC is assembled from three different
CesA subunits; CesA4, CesA7 and CesA8. Previous work has shown the CSC
to be found in the Golgi1 and a small compartment that resides directly below the
sites of secondary wall synthesis.2 We have recently developed a method to
visualise individual CSCs directly using Transmission Electron Microscopy. We
have observed CSCs to be arranged in a very large 3-dimensional array within
a membrane bound compartment. The identification of these CSC-containing
arrays is further supported from immunogold labelling and mutant analyses.
Characterisation of this compartment suggests that it is a specialised ER body
and is the likely location for the synthesis and assembly of the CSC. The results
have identified an entirely novel pathway for membrane protein trafficking in
which a membrane-bound protein is able to avoid co-translational insertion into
the ER membrane, instead passing through into the lumen of the ER. These
results have profound implications for protein trafficking in general, but in
particular for how the CSC assembles and functions at the plasma membrane.
1 Wightman, R., and Turner, S. R. (2008). The roles of the cytoskeleton during
cellulose deposition at the secondary cell wall. Plant J 54, 794-805.
2 Wightman, R., Marshall, R., and Turner, S. R. (2009). A cellulose synthasecontaining compartment moves rapidly beneath sites of secondary wall synthesis. Plant Cell Physiol 50, 584-594.
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Using Arabidopsis thaliana to improve feedstock quality
Feedstock quantity and quality fundamentally influence the efficiency with which
energy can be produced from biomass. Biomass quality is determined by
composition and structure of plant cell walls. Evidence has accumulated that a
mechanism exists in plants capable of monitoring and maintaining the functional
integrity of plant cell walls by changing their composition and structure.
Functionally characterising the genes involved in this mechanism opens up the
possibility of using their orthologs in future bioenergy crops like poplar, willow or
miscanthus to improve feedstock quality. In order to identify genes involved in the
cell wall integrity (CWI) mechanism, time course expression profiling
experiments were performed using Arabidopsis seedlings treated with isoxaben
(a highly specific cellulose biosynthesis inhibitor, CBI). This treatment causes
cell wall stress by preventing formation of the load bearing cellulose microfibrills
in elongating cells. The expression analysis has identified several candidate
genes that are involved in the response to CBI. We will show how different tools
have been adapted for functional characterisation of a larger number of
candidate genes and present results regarding genes of interest.
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Arabidopsis whirly proteins maintain genomic stability in plastids
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Dynamic changes of histone H3K27 tri-methylation during plant development
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Rice Fox Database: A database of rice full length cDNA overexpressed Arabidopsis mutants
Tetsuya Sakurai, Youichi Kondou, Atsushi Kurotani, Kenji Akiyama, Hitoshi Sakakibara, Miyako Kusano,
Takeshi Yoshizumi, Mieko Higuchi, Shinya Takahashi, Takanari Ichikawa, Hirofumi Kuroda, Hideki Takahashi,
Masaki Mori, Hiroshi Takatsuji, Kenji Oda, Hirohiko Hirochika, Minami Matsui

P502

P503

P504

GABI-Kat: Keeping the standard high in an intensively used T-DNA insertion line collection
Gunnar Huep, Nils Kleinboelting, Andreas Klassen, Prisca Viehoever, Heinz Saedler, Bernd Weisshaar

P505

Improvement of the generation of stable knockdown lines using primary synthetic microRNAs
(pri-smiRNAs) in Arabidopsis
Sandra Niemeier, Thomas Merkle

P507

Transport of auxins in Arabidopsis cell suspension
Daniela Seifertova, Jan Petrasek, Eva Zazimalova

Comprehensive prediction of novel microRNA targets in Arabidopsis thaliana
Leonardo Alves-Junior, Sandra Niemeier, Arne Hauenschild, Marc Rehmsmeier, Thomas Merkle

P506

P508

Specific labelling of cell types, structures and developmental stages in Arabidopsis thaliana
J Grønlund, S Kumar, S Dhondt, G Beemster, P Hilson, J Beynon, V Buchanan-Wollaston

P509

A quantitative approach to monitor amiRNA-mediated RNA interference in Arabidopsis protoplasts
Claude Becker, Alexander Dovzhenko, Dominik Lenz, Klaus Palme

P511

AGRONOMICS1 – A new resource for Arabidopsis transcriptome profiling
Hubert Rehrauer, Catherine Fournier, Naira Naouar, Andrea Patrignani, Stephane Rombauts,
Sascha Laubinger, Georg Zeller, Stefan Henz, Yves Van de Peer, Marnik Vuylsteke, Detlef Weigel,
Pierre Hilson, Wilhelm Gruissem, Lars Hennig

P510

The Arabidopsis Biological Resource Center – 2009 activities and stock holdings
Randy Scholl, Emma Knee, Deborah Crist, Luz Rivero, Christopher Calhoun, Natalie Case, Juan Castro,
James Mann, Julie Miller, Bhuma Muthuvel, Garret Posey, Ridhima Shah, Pamela Vivian,
Damitha Wickramasinghe, Hehua Yan, Zhen Zhang

P512

The NASC Affymetrix service
Daisy Belfield, Marcos Castelallanos, Zoe Emmerson, Graeme Gill, Neil Graham, Nick James,
Lubomira Kacinova, Nicola Leftley, Bob Parkinson, Rebecca Roberts, Beatrice Schildknecht, Sean May

Rapid and efficient analysis of protein subcellular localization and interactions using transient
transformation of Arabidopsis seedlings
Jessica Marion, Mehdi Khafif, Yannick Bellec, Lien Bach, Lionel Gissot, Jean-Denis Faure, Christian Meyer

High complexity, random-primed domain libraries for yeast two-hybrid analysis of the
A. thaliana interactome
Hélène Kiefer, Petra Tafelmeyer, Maryline Masson, Emilie Vinolo, Jean-Christophe Rain, Nam-Hai Chua,
Heribert Hirt, Jens D Schwenn, Martin F Yanofsky, Laurent Daviet, Etienne Formstecher

NASC germplasm resources and annotation
Daisy Belfield, Marcos Castellanos, Zoe Emmerson, Graeme Gill, Neil Graham, Nick James, Lubomira Kacinova,
Nicola Leftley, Bob Parkinson, Rebecca Roberts, Beatrice Schildnecht, Sean May
Transcriptomic responses of Arabidopsis to post-emergence herbicides targeting diverse
cellular processes
Scott Baerson, Zhiqiang Pan, Julie Blessitt, Ameeta Agarwal, Stephen Duke

The Arabidopsis lyrata genome – what can we learn from the close relative of Arabidopsis thaliana
Ya-Long Gu, Jan-Fang Chen, Tina T Hu, Georg Haberer, Jesse Hollister, Pedro Pattyn, Richard M Clark,
Stephan Ossowski, Korbinian Schneeberger, Sang-Tae Kim, Jun Cao, Christa Lanz, Robert P Otillar,
Joy M Bergelson, Justin O Borevitz, Anne E Hall, Charles H Langley, Barbara Neuffer, June B Nasrallah,
Outi Savolainen, Stephen I Wright, Igor V Grigoriev, Klaus F X Mayer, Jeremy Schmutz, Yves Van de Peer,
Brandon S Gaut, Magnus Nordborg, Dan Rokshar and Detlef Weigel

AtEnsembl.
Daisy Belfield, Marcos Castellanos, Zoe Emmerson, Graeme Gill, Neil Graham, Nick James, Lubomira Kacinova,
Nicola Leftley, Bob Parkinson, Rebecca Roberts, Beatrice Schildnecht, Sean May
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P513

P514
P515
P516

P517
P518

P519

Plant Growth Regulators

A subunit of the Anaphase-Promoting Complex (APC) affects auxin-regulated development
in Arabidopsis
Donna Lindsay, Peta Bonham-Smith, Gordon Gray, Troy Harkness

P520

Effects of gibberellin on the growth and gene expression in the Arabidopsis root
Haniyeh Bidadi, Masashi Asahina, Shinjiro Yamaguchi, Shinobu Satoh

P522

Arabidopsis ATP-binding cassette transporters promote efflux of the auxin precursor indole-3-butyric acid
Lucia Strader, Bonnie Bartel

P521

Cytosolic activity of SPINDLY implies the existence of a DELLA-independent gibberellin-response
pathway to suppress cytokinin responses
Inbar Maymon, Yaarit Greenboim-Wainberg, Sivan Sagiv, David Weiss

P523

Nitric oxide biosynthesis and genome-wide analysis of its regulatory functions in Arabidopsis thaliana
Jorge Lozano-Juste, Laura Yeves, Jose Leon

P525

ABA regulation of nodulation in Medicago truncatula
Yiliang Ding, Jeanne Harris, Giles Oldroyd

P524

Far-red light inhibits germination through DELLA-dependent stimulation of ABA synthesis and ABI3 activity
Urszula Piskurewicz, Eric Lacombe, Luis Lopez-Molina

P526

The bHLH transcription factor SPT and DELLA proteins act together to regulate cell size of Arabidopsis
cotyledons in a GA-dependant manner
Eve-Marie Josse, Yinbo Gan, Kelly Stewart, Alison Gilday, Ian Graham, Karen Halliday

P528

A J-domain containing protein, JRF1, regulates the floral transition in Arabidopsis
Lisha Shen, Hao Yu

Local action of GOLVEN secretory peptides stabilizes an auxin efflux carrier during plant gravitropic
responses
Ryan Whitford, Ana Fernandez, Amparo Cuellar, Jurgen Kleine-Vehn, Ruth De Groodt, Steffen Vanneste,
Tom Beeckman, Jiri Friml, Pierre Hilson

P527

P529

A transcriptional cascade mediates the Arabidopsis cytokinin response
Kristine Hill, Dennis E Mathews, G Eric Schaller

P530

Regulation of cell morphology by auxin
Angharad Jones, Eric Kramer, Kirsten Knox, Ranjan Swarup, Colin Lazarus, Ottoline Leyser, Claire Grierson,
Malcolm Bennett

P532

High-throughput functional genomics of cell wall dynamics during root growth and development
Tara Holman, Michael Wilson, Darren Wells, Iben Sorrensen, William Willats, Paul Knox, Michael Holdsworth,
Malcolm Bennett

P531

Gibberellin signaling controls cell proliferation rate in Arabidopsis
Patrick Achard, Andi Gusti, Soizic Cheminant, Malek Alioua, Stijn Dhondt, Frederik Coppens, Gerrit Beemster,
Pascal Genschik

P533

Modelling auxin response
Martin Kieffer, Gary Mirams, Sarah Lee, Lynne Armitage, Alistair Middleton, Sara Peterson, Karin Ljung,
Richard Napier, John King and Stefan Kepinski

P534

Please note this abstract is associated with the Quantitative Modelling of Signalling Systems workshop and will not be presented as a poster

SERKs family of co-receptors functions in multiple pathways
Catherine Albrecht, Eugenia Russinova, Birgit Kemmerling, Wilma van Esse, Rumyana Karlova, Na Li, Sacco de Vries

P535

The role of salicylic acid in Arabidopsis root growth
Mary Wildermuth, Alexander Jones

P536

ROP localisation by auxin in Arabidopsis root hair cells
Robert Payne, Claire Grierson

P537

Calmodulin binding transcription activator (CAMTA) 1 serves as a link between growth signals and
stress responses
Yael Galon-Wolfenson, Roni Aloni, Dikla Nachmias, Orly Snir, Ester Feldmeser, Sarah Scrase-Field,
Joy M Boyce, Nicolas Bouche, Mark R Knight, Hillel Fromm

Nucleus-focused proteomic analysis of Arabidopsis suspension cells treated by Brassinolide and/or Brz
Tomoaki Matsuo, Tomoaki Shigeta, Daisuke Yasuda, Yuya Yoshimitsu, Takafumi Mori

A dwarf mutant of Arabidopsis thaliana impaired in carbohydrate and gibberellin metabolism
Eleonora Paparelli, Silvia Gonzali, Giacomo Novi, Sandro Parlanti, Elena Loreti, Lorenzo Mariotti,
Elena Degl'Innocenti, Lucia Guidi, Pierdomenico Perata
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P538
P539
P540

ASK3, a novel regulator of brassinosteroid signalling
Juliane Mayerhofer, Wilfried Rozhon, Elena Petutschnig, Shozo Fujioka, Claudia Jonak

Arabidopsis RPT2a, a subunit of 19S proteasome that negatively regulates endoreduplication and
confers leaf size control
Kaori Sako, Yutaka Sonoda, Yuko Maki, Hiroko Yamamoto, Junji Yamaguchi

P541
P542

Isolation of a novel RING-type ubiquitin ligase SSV1 that regulates carbon/nitrogen response at
early post-germinative growth stage in Arabidopsis thaliana
Takeo Sato, Shugo Maekawa, Yutaka Sonoda, Junji Yamaguchi

P543

Arabidopsis RACK1 proteins are negative regulators of ABA signalling in seed germination and early
seedling development
Jianjun Guo, Junbi Wang, Wei-Dong Huang, Jiansheng Liang, Jin-Gui Chen

P545

Molecular characterization of EIN2, a central element in plant hormone signalling
Silke Allekotte, Jan Voet van Vormizeele, Nicole Voet van Vormizeele, Georg Groth

The role of the Gibberellin 20-Oxidase gene family in Arabidopsis development
Andrew Plackett, Nieves Fernandez-Garcia, Steven Thomas, Peter Hedden, Andy Phillips, Zoe Wilson

P544

P546

Indole-3-acetaldoxime dependent auxin biosynthesis in Arabidopsis
Satoko Sugawara, Yuji Kamiya, Yusuke Jikumaru, Atsushi Hanada, Shojiro Hishiyama, Takeshi Nishimura,
Yunde Zhao, Tomokazu Koshiba, Hiroyuki Kasahara

P547

An intracellular ABA receptor regulates ABA signaling through direct inhibition of clade A PP2Cs
Julia Santiago, Americo Rodrigues, Angela Saez, Silvia Rubio, Regina Antoni, Lesia Rodriguez, Sang-Youl Park,
Florine Dupeux, Jose Marquez, Sean Cutler, Pedro Rodriguez

P549

A role for KLU in seed size control
Nikolai M Adamski, Elena Anastasiou, Sven Eriksson, Carmel O'Neill, Michael Lenhard

P548

A novel point mutation in a Poly (A) polymerase inversely affects the size of leaves and flowers in
Arabidopsis thaliana
Son Lang Vi, Nicola Stacey, Michael Lenhard

P550

Gibberellin biosynthesis and action in Arabidopsis roots
Richard Barker, Stephen Thomas, Peter Hedden, Malcolm Bennett

P552

The extracellular EXO protein mediates cell expansion in Arabidopsis
Florian Schröder, Janina Lisso, Carsten Müssig

Putative phosphorylation sites of PIN3 are critical for its auxin efflux activity in Arabidopsis root hairs
Anindya Ganguly, Sang Ho Lee, Hyung-Taeg Cho

P551

P553

AtDOF6, an Arabidopsis DOF transcription factor putatively involved in the regulation of seed germination
Paloma Rueda, Cristina Barrero, Pilar Carbonero, Luis Oñate-Sánchez

P554

Active CLV3 is an arabinosylated glycopeptide
Kentaro Ohyama, Hidefumi Shinohara, Mari Ogawa-Ohnishi, Yoshikatsu Matsubayashi

P556

Methyl jasmonate affects adventitious rooting in Arabidopsis thaliana plants and thin cell layers
Laura Fattorini, Giuseppina Falasca, Federica Della Rovere, Catherine Bellini, Maria Maddalena Altamura

P558

The molecular mechanism of growth repression by BIG BROTHER
Lena Stransfeld, Michael Lenhard

P555

CES, a novel basic helix-loop-helix transcription factor regulating brassinosteroid responses and homeostasis
Wilfried Rozhon, Mamoona Khan, Sigrid Husar, Shozo Fujioka, Gerhard Adam, Christian Luschnig, Tobias Sieberer,
Brigitte Poppenberger

P557

Fruit growth in Arabidopsis occurs via DELLA-dependent and DELLA-independent GA responses
Sara Fuentes, Liz Alvey, Karin Ljung, Karim Sorefan, Nicholas P Harberd, Lars Østergaard

P559

Differential expression of Arabidopsis thaliana sucrose phosphate synthase and sucrose phosphate
phosphatase encoding genes
Cristóbal Girón, Beatriz Castrillo, Federico Valverde, Mª Teresa Ruiz, José Mª Romero

P560

DELLA-mediated transcriptional control of GA-responsive growth and development in Arabidopsis
Anne Grønlund, Jane Griffiths, Aakriti Wanchoo, Michael Wilson, Tara Holman, Malcolm Bennett, Andy Phillips,
Peter Hedden, Stephen Thomas

P561

Regulation of ABA signalling and lipid catabolism by the N-end rule pathway of targeted protein degradation
Tara Holman, Peter D Jones, Laurel Russell, Anne Medhurst, Susanna Úbeda-Tomás, Prabhavathi Talloji,
Steven Footitt, Andreas Bachmair, Frederica Theodoulou, Michael Holdsworth

P563

Flavonol 3-O-glycosylation is required for flavonol biosynthesis in Arabidopsis
Yin Ruohe, Messner Burkhard, Schaffner Anton R

Identifying downstream regulators of cytokinin signalling during cambial development in Arabidopsis
Annakaisa Elo, Kaisa Nieminen, Juha Immanen, Ji-Young Lee, Ykä Helariutta
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P562

P564

Tissue identity shapes growth response to brassinosteroids
Yael Hacham, Neta Holland, Joanne Chory, Sigal Savaldi-Goldstein

P565

RTE3, a SAC3/GANP domain protein promotes etiolated seedling growth in Arabidopsis
Christopher A McClellan, Mandy D Kendrick, Chun-Hai Dong, Caren Chang

P567

A promoter region responsible for the tissue specific and jasmonate responsive gene expression of
Brassica NTR1 gene encoding a jasmonic acid carboxyl methyltransferase
Jun Sung Seo, Han Young Lee, Song Yion Yeu, Jong-Joo Cheong, Yang Do Choi

P569

Protein tyrosine phosphorylation is involved in ABA signaling in Arabidopsis thaliana
Thanos Ghelis, Gérard Bolbach, Gilles Clodic, Yvette Habricot, Bruno Sotta, Régis Maldiney, Emile Miginiac,
Sandrine Lanfranchi, Emmanuelle Jeannette

Target gene analysis of the stress tolerance gene AtMYB44 in Arabidopsis
Jae Sung Shim, Choon Kyun Cheong, Han Yong Lee, Jong-Joo Cheong, Yang Do Choi

Sphavata, a JA-induced AP2/ERF transcription factor of Arabidopsis thaliana
Beatrice Giuntoli, Francesco Licausi, Parlanti Sandro, Wolfgang Dröge-Lase, Christoph Weiste,
Pierdomenico Perata

ATHB12, a homeodomain-leucine zipper (HD-Zip) class I, negatively regulates inflorescence stem length
Yoon-Sun Hur, Jong-Yoon Park, Sunghan Kim, Choong-Ill Cheo

P565

P568

P570
P571

Auxin and CUC2 pathways interact to regulate serration development
Gemma Bilsborough, Michalis Barkoulas, Miltos Tsiantis

P572

Auxin selectivity in the AtTIR1 family
Sarah Lee, Lynne Armitage, Martin Kieffer, Paul Drayton, Richard Napier, Stefan kepinski

P574

Analysis of Arabidopsis GABA-Shunt mutants
Anke Hueser, UI Fluegge, Frank Ludewig

P573

Bioenergy

New insight into regulatory mechanisms of TOC159 in the Arabidospis thaliana chloroplast protein
import machinery
Birgit Agne, Charles Andres, Bastien Christ, Cyril Montandon, Felix Kessler

P575

F8H functions redundantly with FRA8 for glucuronoxylan biosynthesis in Arabidopsis
Chanhui Lee, Zheng-Hua Ye

P576

Identification and characterization of genes and gene products involved in secondary cell wall biosynthesis
and deposition
Julian Verdonk, David Rancour, Christine Ondzighi, Cynthia Cass, Yury Bukhman, John Sedbrook, Marisa Otegui,
Patrick Masson, Sebastian Bednarek

P578

Plastoglobules: chloroplast lipid droplets in plant stress responses
Céline Besagni Andrès, Lucia Eugeni Piller, Shanmugabalaji Venkatasalam, Jacopo Martinis, Nadège Fahrni,
Felix Kessler

P577

Exploiting natural variation in Arabidopsis thaliana to understand cell wall biosynthesis and composition
Katy M Christiansen, A Michelle Smith, Dominique Loque, Joshua L Heazlewood

P579

Isolation of golgi apparatus sub-compartments from Arabidopsis thaliana cell suspension cultures
Harriet Parsons, Jun Ito, Katie Christiansen, Joshua L Heazlewood

P581

Genomics based analysis of cell wall signalling and metabolic processes in Arabidopsis thaliana
Lucinda Denness, Alex Wormit, Priya Madhou, Lars Kjaer, Christopher Somerville, Thorsten Hamann

P580

Sugar homeostasis and cell wall integrity signalling pathways
Mathilde Seguela-Arnaud, Yunhai Li, Fiona Corke, Michael Bevan

P582

Peroxisome

Import of metabolites into plant peroxisomes: from Arabidopsis to Adrenoleukodystrophy
Frederica Theodoulou, Xuebin Zhang, Carine De Marcos Lousa, Yvonne Nyathi, Daniela Dietrich, Heike Schmuths,
Joceyln Baldwin, Michael Holdsworth, Stephen A Baldwin, Alison Baker
Using genetics and proteomics to understand peroxisome proliferation and function
Jianping Hu

Genome-wide analysis of the clofibrate-responsive transcriptome in Arabidopsis thaliana
MariCruz Castillo, Alberto Coego, Jose Leon
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P583
P584
P585

Plant peroxisomal detoxification reactions mediated by glutathione-dependent enzymes
Amr Kataya, Sigrun Reumann

P586

Peroxisomal targeting of PEX7, a receptor for PTS2-containing proteins, to peroxisomes
Makoto Hayashi, Tanuja Singh, Shoji Mano, Yuko Arai, Shino Goto, Mikio Nishimura

P588

Peroxisome-associated matrix protein degradation in Arabidopsis
Matthew Lingard, Melanie Monroe-Augustus, Bonnie Bartel

P587

Targeting and activity of COMATOSE, an Arabidopsis peroxisomal ABC transporter
Yvonne Nyathi, Frederica L Theodoulou, Steve Baldwin, Alison Baker

P589

Identification of a novel inhibitor of β-oxidation in Arabidopsis thaliana
Laura-Anne Brown, Stuart Warriner, Alison Baker

P591

Probing the binding kinetics between PEX5 and PTS1 using fluorescence anisotropy
Nicola Stephanie Skoulding, Alison Baker, Stuart Warriner

P590

Inside the peroxisome
B Rafeiza Khan, Robert Barlow, Bethany Zolman

P592

A model of peroxisomal primary metabolism in Arabidopsis
Nicholas O'Toole, Ian Castleden, John Bussell, Holger Eubel, Etienne Meyer, Nicolas Taylor, Wenxu Zhou,
A Harvey Millar, Steven M Smith, Ian Small

P593

Peroxisomal thiolases in metabolism, signaling and development
Andrew Wiszniewski, John Bussell, Steven Smith

P595

The peroxines PEX2 and PEX10 show different functions in glyoxysomal and leaf peroxisomal
development
Georg Hierl, Jakob Prestele, Christine Gietl

P597

PED3 is required for process of breaking dormancy
Masatake Kanai, Mikio Nishimura, Makoto Hayashi

P599

Role of peroxisomal ROS in the toxicity of herbicide 2,4-D
DM Pazmiño, M Rodríguez-Serrano, MC Romero-Puertas, I Sparkes, C Hawes, J León, LA del Río,
LM Sandalio

P594

The peroxisomal/glyoxysomal processing protease DEG15 in higher plants
Esther Dolze, Christine Gietl

P596

Different metabolic roles for aconitase isoforms during establishment of Arabidopsis seedlings
Sarah Nicholl, Lorrie Murphy, Mark Hooks
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P598
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Workshops
Tuesday 30th June 2009
16:00 - 17:30

1 Plant proteomics
Main Organiser - Harvey Millar

2 Programmed Cell Death
Main Organisers – Patrick Gallois and Paul McCabe
3 Quantitative modelling of signalling systems
Main Organisers – Stefan Kepinski and Alex Webb
This workshop starts at 15:45

Thursday 2nd July
16:30 - 18:00

1 Stomata - the ins and outs
Main Organisers – Julie Gray and Dominique Bergmann
2 Putting TAIR to work for you
Main Organisers – Eva Huala and Kate Dreher
3 Root system architecture
Main Organiser – Anna Amtmann

Saturday 4th July
16:30 - 18:00

1 Anther/pollen development
Main Organisers – Zoe Wilson and Hong Ma
2 Ambient temperature
Main Organiser – Seth Davis
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Descriptions and Programmes
Tuesday 30th June
16:00 - 17:30

1 Plant proteomics
Tinto
Breakthroughs in studying intra-cellular dynamics and environmental
response in the Arabidopsis proteome
Workshop Organisers - Harvey Millar, Wolfram Weckwerth, Joshua Heazlewood, Alex Jones
The MASC Proteomics Subcommittee has run a workshop at each ICAR meeting since Berlin 2004.
Proteomics is a rapidly growing field that is being widely adopted by Arabidopsis researchers. This
workshop aims to provide updates to the community on proteomic tools and resources available in
Arabidopsis, presented by members of this MASC committee. It also showcases the work of selected
researchers from submitted abstracts that have used proteomics to address interesting biological
questions in diverse fields. This year has a focus on quantification of proteomes and post-translation
modification of proteins. This workshop has benefit for researchers with a general interested in
proteomics and its uses, to those interested to meet and interact with potential collaborators, to
those with specific interest in the biological results presented.
Programme
16:00 - 16:05
16:05 - 16:15
16:15 - 16.25
16:25 - 16.35
16:35 - 16:50
16:50 - 17:05
17:05 - 17:20
17:20 - 17:30

Introduction from Harvey Millar (UWA)

Short talks on new resources/approaches since 2008 from MASCP

Wolfram Weckwerth (MSB, Vienna)
Integrating metabolomics and proteomics: a how-to guide
Josh Heazlewood (JBEI/LBL)
Mining online Arabidopsis proteomic resources

Alex Jones (Sainbury Lab, Norwich)
Recent advances to aid phospho-peptide analysis
Talk selected from Abstracts

Waltraud Schulze (MPIMP, Golm) P431
15N metabolic labeling as a tool to study stress-induced dynamic changes
in plasma membrane protein composition in Arabidopsis
Alexander van der Krol (Wageningen University) P474
Mapping of the Arabidopsis ER and post-ER glycoproteome

Georgia Drakakaki (University of California, Riverside) P436
Towards dissecting the trans golgi network using proteomics
and chemical genomics
Guided discussion with attendees on topics of interest,
new resources etc

2 Assaying for Hall Mark Features of Programmed Cell Death
Workshop Organisers – Patrick Gallois and Dr Paul McCabe

Moorfoot

Programmed cell death (PCD) in plants is a vital process that is essential to correct development,
defence and stress responses. However, there has been a lack of uniformity in the literature in
identifying programmed cell death and identifying the various types of death. Cell death modes
include apoptotic-like PCD, autophagic cell death and necrosis. The workshop will consist of short
talks to discuss techniques for identifying, assaying and quantifying death in Arabidopsis. The
workshop will illustrate the hallmark features of PCD including morphologies, release of
mitochondrial proteins, activation of caspase-like molecules and degradation of DNA. There will be
a discussion slot at the end of the workshop during which aspects not covered in talks could be
brought up.
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Programme
16:00 - 16:15
16:15 - 16.30
16:30 - 16:45
16:45 - 17:00
17:00 - 17:15
17:15 - 17:30

Paul McCabe (University College Dublin)
Integrating metabolomics and proteomics: a how-to guide
Morten Petersen (Copenhagen University)
Autophagy and cell death

Hannele Tuominen (Umea Plant Science Centre) P029
Morphology of PCD in xylem elements
G E Yuan (University of Manchester) P170
Caspase-like assays

Bennett Young (University of Manchester)
Intracellular pH as a marker of PCD
Discussions

3 Quantitative modeling of signalling systems
Workshop Organisers – Stephan Kepinski and Alex Webb

Kilsyth

Many areas of plant research have reached a point where quantitative modelling has become an
extremely useful, if not essential tool for gaining deeper understanding of the mechanisms and systems
underlying development. Befitting the diversity of questions in biology, there are a variety of mathematical
modelling approaches, which are suited to different problems and types of data. As a starting point for
discussion this workshop includes a range of talks, focused on questions in auxin and circadian biology,
in which mathematical modelling is specifically being used to gain new insight by generating hypotheses
and concepts to inform further work. The workshop will be an informal event with ample time for
discussion.
Programme
15:45 - 15:50
15:50 - 16:10
16:10 - 16:30
16:30 - 16:50
16:50 - 17:10
17:10 - 17:30

Welcome and Introduction

Ottoline Leyser (University of York)
Auxin, the motion picture

Stefan Kepinski (University of Leeds) P534
Modelling auxin response

Claire Grierson (University of Bristol) P537
ROP localisation by auxin in Arabidopsis root hair cells

Alex Webb (University of Cambridge) P430
Simple models of circadian oscillations identify signalling network
architecture
Discussions

129

Thursday 2nd July
16:30 - 18:00

1 Stomata - the ins and outs
Workshop Organisers – Julie Gray and Dominique Bergmann

Tinto

Stomata are crucial for the regulated exchange of gases between the plant and atmosphere. As stomata
are gated by guard cells, a specialised cell type that is particularly responsive to environmental signals,
they provide a convenient system for the study of both plant cell differentiation and the transduction of
environmental signals. Stomatal biology is now at a critical juncture where there is interest from
researchers in a variety of disciplines and the basic elements of stomatal development and signalling
have been laid out. What has yet to be fully realized is how an integrated picture of stomata (from
molecules to cells to leaves to ecosystems) might be built from combining recent technical and
intellectual advances generated from different subdisciplines. Our aim in this workshop is to highlight
recent progress, to identify areas for future research and to discuss tools that may be broadly applicable
across fields of stomatal research. Short presentations from both new and established investigators in
the stomatal development and signalling fields will be followed by equal time for discussion. Additional
workshop participants will be encouraged to present tools or reagents generated in their studies and to
help identify areas in which such tools are needed.
Programme
16:30 - 17:20

Maik Bohmer (UC San Diego) P289
Proteomic analyses of protein modifications
Alex Webb (University of Cambridge)
Enhancer trap screens

Keiko Torii (University of Washington) P095
Microarray studies
Lee Hunt (University of Sheffield) P114
Signalling peptides
17:20 - 17:50

Discussion about resources and tools

Derek White (Agresearch New Zealand) P022
Challenges of integrating development and environment
Sally Assmann (Pennsylvania State University)
Systems biology

17:50 - 18:00

Sarah Robinson (John Innes Centre)
Modelling development

Discussion about challenges and future directions

2 Putting TAIR to work for you: hands-on workshop for beginning and advanced users
Workshop Organisers – Eva Huala and Kate Dreher

Moorfoot

Stomata are crucial for the regulated exchange of gases between the plant and this two-part workshop
will teach effective search strategies and highlight important data sets available at TAIR. Both beginning
and experienced users will learn new ways to get the information they need and discover new tools and
data that can enhance their own research efforts.
In the first part curators will demonstrate how to get detailed information (e.g. sequence and map
information, phenotype data, functional annotations, AraCyc metabolic pathway information, etc.) about
specific genes and will show users several ways to retrieve bulk data for groups of genes. In the second
part of the workshop audience members will have the chance to practice the skills they have learned
using a set of prepared exercises or to ask curators for one-on-one help with particular tasks. Participants
should bring a laptop computer if possible. For those without computers a couple of extras will be
provided and people will be asked to share if needed. In addition, all attendees will get hand-outs and
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links to online documents covering all of the information presented. All ICAR attendees are invited to ask
follow-up questions, submit data or get help with specific tasks at the TAIR curation booth. Materials for
the workshop will be available at: www.arabidopsis/portals/education/presentations/2009/ICAR/
ICAR_workshop_2009.jsp
Programme
16:30 - 16:50
16:50 - 17:10
17:10 - 17:30
17:30 - 18:00

Eva Huala (TAIR)
The Arabidopsis Information Resource (TAIR)
Dave Swarbreck (TAIR)
Structural Annotation

Kate Dreher (TAIR)
TAIR and the Plant Metabolic Network
Skills Practice and Discussion

3 Root systems architecture
Kilsyth
Workshop Organisers – Anna Amtmann, Brian Forde, Peter Doerner, Lionel Dupuy and Malcolm
Bennett
Root system architecture (RSA) is the spatial arrangement of the plant root system. RSA is both output
and input for plant development, and its plasticity clearly reflects the interplay between plant development
and the environment. As different parts of the root system are exposed to micro-conditions within the soil,
RSA also fulfils a sensory function using a multitude of environmental cues to gather information about
the root’s surroundings. This enables the plant to optimally exploit the physical and chemical properties
of the soil. RSA is therefore a model system for fundamental research into plant development and an
important trait for agricultural productivity.
To understand the signalling pathways underlying RSA development and its responsiveness to the
environment, researchers have to measure RSA in controlled environmental conditions and diverse
genetic backgrounds. The complex geometry and underground location of the root make this a difficult
task, yet comprehensive quantification of RSA is paramount for integrating this important phenotype
with genetic and molecular parameters (e.g. mutations, QTLs, transcript and metabolite profiles).
Several labs have recently developed methods and resources to facilitate the study of RSA. In this
workshop we will present different approaches including live imaging, dynamic modelling and functional
genomics. The general discussion will focus on how these techniques can be put to best usage within
the plant science community.
Programme
16:30 - 16:45
16:45 - 17:00
17:00 - 17:15
17:15 - 17:30
17:30 - 17:45
17:45 - 18:00

Philip Benfey (Duke University)
Automated phenotyping and classification of plant root systems
Nick Chapman (Rothamsted Research and Durham)
Investigating root development within a multi-stress system
Lionel Dupuy (SCRI Dundee)
New approaches for the modelling of root architecture
Malcolm Bennett (University of Nottingham)
Future roots for UK research
General Discussion
Software demonstration

In conjunction with this workshop we will demonstrate new software in the poster hall:
EZ Rhizo (Glasgow)
Root Trace (Nottingham)
Balloon (SCRI)
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Saturday 4th July
16:30 - 18:00

1 Anther/pollen development
Workshop Organisers – Zoe Wilson and Hong Ma

Tinto

Male reproduction is important for both basic science and agricultural applications. This is an area of very
active research and has seen rapid progress in recent years. The workshop will cover presentations
linked to pollen and anther development that will involve the characterization of new mutants, discussion
of techniques for the analysis of pollen development and the development of resources required for
such analyses. It is envisaged that this will principally focus on Arabidopsis research, however it will
also extend into the analysis of crop species and the potential translatability of the research area.
Programme
16:30 - 16:45
16:45 - 17:00
17:00 - 17:15
17:15 - 17:30
17:30 - 17:45
17:45 - 18:00

Hong Ma (Fudan University/Pennsylvania State University)
Regulation of anther gene expression by the DYT1 transcription factor

Zoe A Wilson (University of Nottingham) P022
Establishing regulatory models for anther endothecium development
and the regulation of dehiscence
Maura Cardarelli (Universita La Sapienza, Roma)
The role of auxin in Arabidopsis late stamen development

Reidunn B Aalen (University of Oslo) P098
The ASH1 HOMOLOG 2 (ASHH2) histone H3 methyltransferase is required
for ovule and anther development in Arabidopsis
Trudie Allen (University of Leicester) P375
Functional analysis of fused-kinase signalling in gametophytic cytokinesis

Gael Le Trionnaire (University of Oxford) P154
MicroRNA profiling of Arabidopsis thaliana mature pollen

2 Ambient temperature
Workshop Organiser – Seth Davis

Moorfoot

Small changes in growth temperature can have dramatic effects on plant development. This workshop
will highlight recent efforts to understand the responses and mechanisms that Arabidopsis thaliana uses
in the detection of non-stress temperatures. Discussions will be led that highlight rhythmic reactions to
daily thermal changes, responses to climate effects, the role of temperature in allele-by-allele
interactions, and the role of RNAs as potential "thermometers." It is hoped that this workshop serves as
a primer to promote the study of plant responses to the ambient-temperature environment.
Programme
16:30 - 16:45
16:45 - 17:00
17:00 - 17:15
17:15 - 17:30
17:30 - 17:45

17:45 - 18:00

Seth Davis (MPI Cologne)
Temperature entrainment of the circadian oscillator: memory of the past
Joanna Schmitt (Brown University)
Photothermal time and response to temperature variation in dynamic
real-world environments
Ji Hoon Ahn (Korea University)
Regulation of temperature response by small RNA:
toward an understanding of the ambient temperature sensing

Anthony Hall (University of Liverpool)
A systems biology approach to understand the regulation of signalling
pathways by temperature
Kirsten Bomblies (MPI Tubingen)
Temperature sensitivity of plant autoimmunity
Discussion
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Exhibition
The ICAR 2009 Exhibition will be held in the Cromdale Hall on Level -2 of the Edinburgh International
Conference Centre from Tuesday 30th June until Saturday 4th July. The exhibition will comprise of a host of
displays designed to showcase current products, publications, research and applications in Arabidopsis.
Admittance is restricted to registered delegates and badges must be worn.

Exhibition Opening Hours
Tuesday 30th June
Wednesday 1st July
Thursday 2nd July
Friday 3rd July
Saturday 4th July

14:00 - 21:00
09:00 - 20:00
09:00 - 20:00
09:00 - 14:00 and 18:00 - 20:00
09:00 - 14:00

Exhibitors
Agrisera
Bioinformatics And Systems
Engineering Division
BIOBASE GmbH
Conviron
Duchefa Biochemie BV / Melford
Laboratories Ltd
Hamamatsu Photonics UK Ltd
Illumina UK Ltd
Journal of Experimental Botany
Oxford University Press
CLF PlantClimatics GmbH
Roche Diagnostics Ltd
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Stand 1

• Over 900 Percival chambers installed in Europe

Journal of Experimental Botany
JXB is an international journal publishing high quality
research and review papers in all aspects of plant
science: from molecular and cellular physiology and
biochemistry through whole plant physiology to
community physiology. OPEN ACCESS publication
is FREE for corresponding authors from institutions
with a current subscription. Find out more at
http://jxb.oxfordjournals.org and visit us at stand
number 1 for complimentary copies.
Bailrigg House
Lancaster University
Lancaster LA1 4YE
Tel: +44 (0)1524 594690
Fax: +44 (0)1524 594133
Email: j.exp.bot@lancaster.ac.uk

Im Schloß 1
86494 Emersacker
Germany
Tel: +49 8293 13 61
Email: Info@PlantClimatics.de
www.PlantClimatics.de

Stand 5

Duchefa Biochemie BV /
Melford Laboratories Ltd
Duchefa Biochemie BV is one of the leading
suppliers of chemicals and products for Plant Tissue
Culture and Plant Biotechnology. Since having been
established in 1988, we have become a reliable
source of plant tissue culture products for
universities, institutes and laboratories all over the
world.

Stand 2

Oxford University Press

Parts of our program range are:
•
•
•
•
•
•
•
•
•

Oxford Journals, a division of Oxford University
Press, publishes extensively in the life sciences.
Visit stand number 2 to receive free online access
to a collection of journals and to collect free sample
copies. For more information please visit www.oxfordjournals.org/subject/life_sciences
Great Clarendon Street
Oxford OX2 6DP
Tel: +44 (0)1865 353 830
Email: aceexhibitions.uk@oup.com

Plant Tissue Culture media
Agar
Growth regulators
Gelrite™
Antibiotics
Minerals
Vitamins
Plant Tissue culture containers
Biochemicals

To supply our products quickly and efficiently to our
customers, Duchefa Biochemie uses a global
network of 25 distributors.

Stand 3

CLF PlantClimatics GmbH

P.O. Box 809
2003 RV Haarlem
The Netherlands
Tel: +31 (0)23 531 90 93
Fax: +31 (0)23 531 80 27
Email: info@duchefa.nl
www.duchefa.com

CLF PlantClimatics offers a wide choice of
chambers and walk-in rooms for plant biology
applications, including the complete range of
Percival Scientific Inc.
Products
• Percival Scientific Plant Growth, Arabidopsis-,
LED-, Tissue Culture-, High Light- and Low
Temperature Chambers
• CLF GroBanks® – the modular system with one
to four shelves - each shelf individually
programmable
• CLF PlantMaster rooms – the customized
solution for every plant growth application
• CLF flora LEDs – selected narrow band LEDs

Experience
• CLF PlantClimatics is specialized on climate
chambers for biology applications for more than
15 years

Melford Laboratories Ltd is a UK Chemical and
Biochemical Manufacturer supplying Universities
and the research community worldwide.
The commitment of our Life Sciences division is to
provide customers with the highest quality products
at the lowest prices. Offering a wide range of Culture
Media, Enzyme Substrates, Buffers, Antibiotics and
more, directly from stock.
We support this effort by maintaining our own state
of the art laboratory facilities for research, production
and with our ISO9001-2008 accreditation, Quality
Assurance. Melford Laboratories is also able to
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accommodate requests for custom formulations and
special packaging requirements. Every product
includes our “Satisfaction Guaranteed” promise.

Stand 8

Hamamatsu Photonics UK Ltd
Hamamatsu Photonics is a world-leading
manufacturer of optoelectronic components and
systems. Hamamatsu cameras enable highsensitivity imaging and are successfully used in
current Arabidopsis research.

Melford Laboratories Ltd
jtc@melford.co.uk
www.melford.co.uk

Stand 6

Roche Diagnostics Ltd
At Roche Applied Science we deliver a broad and
growing selection of advanced research tools that
accelerate life science discovery. Committed to
innovation, quality, and service, we offer an
extensive product portfolio featuring cutting-edge
instruments and reagents for genome sequencing,
microarray analysis, nucleic acid purification, realtime PCR, and cell analysis.
Charles Avenue
Burgess Hill
West Sussex RH15 9RY
Tel: +44 (0)1444 256291
Email: jo.thomas.jt1@roche.com
www.roche-applied-science.com

We will be promoting the deep-cooled ORCA II
series of digital CCD cameras, which are ideally
suited for high resolution fluorescence and
luminescence imaging, with long acquisition times
possible to enable even the weakest plant signals to
be successfully imaged.
Also on show, the back thinned, electron multiplier
EMCCD ImagEM Enhanced range of cameras.
They are designed for low light fluorescence
imaging, ultra-low light luminescence imaging and
high dynamic range brightfield imaging in life
science applications.
2 Howard Court
10 Tewin Road
Welwyn Garden City
Hertfordshire AL7 1BW
Tel: +44 (0)1707 294 888
Fax: +44 (0)1707 325 777
Email: info@hamamatsu.co.uk

Stand 7

Illumina UK Ltd
At Illumina, our goal is to apply innovative
technologies and revolutionary assays to the
analysis of genetic variation and function, making
studies possible that were not even imaginable just
a few years ago. With such rapid advances in
technology taking place, it is mission critical to have
solutions that are not only innovative, but flexible,
scalable, and complete with industry-leading support
and service. Our offering includes leading-edge
solutions for:
•
•
•
•
•
•

DNA sequencing
SNP genotyping
Copy number variation
DNA methylation
Gene expression
Low-multiplex analysis of DNA, RNA, and
protein
Chesterford Research Park
Little Chesterford
Nr Saffron Walden
Essex CB10 1XL
Tel: +44 (0)1799 534 172
Fax: +44 (0)1799 532 301
Email: cking@illumina.com
www.illumina.com

Stand 9
Conviron

Conviron provides world-leading solutions in
controlled environment systems for the agricultural,
biotechnology, pharmaceutical and industrial
research markets. With systems operating in over
80 countries worldwide, products include
environmental rooms and chambers, plant growth
chambers and rooms, research greenhouses, plant
propagation
production
rooms,
controlled
temperature and humidity chambers plus stability
and photo stability rooms and chambers. Services
encompass the entire life-cycle of the project - from
early-stage design and specification, through to
manufacturing, installation, project commissioning
and on-going maintenance and support.
590 Berry Street
Winnipeg
Manitoba
RH3 0R9
Tel: +204 786 6451
Fax: +204 783 7736
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Stand 10

Stand 12

Agrisera

Agrisera is a Swedish company committed to serve
plant science, by working with a wide array of
research institutions and university partners. We are
developing commercial and custom antibodies for
research on plant cell biology. One of our products,
The Plant Cell Compartment Antibody Marker Set is
a collection of antibodies which allows estimation of
fraction purity for a range of plant species including
Arabidopsis thaliana. Some antibodies are
accompanied by a protein standard used as a
positive control and for quantitation. Your scientific
success is our focus.
Address Box 57
911 21 Vännäs
Sweden
Tel: +46 9353 3033
Fax: +46 9353 3044
Email: joanna@agrisera.com

Bioinformatics And Systems Engineering
Division
RIKEN BASE (Bioinformatics And Systems
Engineering, directed by Dr Tetsuro Toyoda) is the
database division of the life science research
centers and institutes of RIKEN, Japan.
We contribute to the plant-science communities
together with RIKEN PSC (Plant Science Center,
directed by Dr Kazuo Shinozaki). We are providing
a plant integrated database based on the semanticweb standard (http://database.riken.jp).
We are also providing PosMed-plus: an intelligent
search engine inferentially integrates cross-species
information resources for molecular breeding in
plants (http://omicspace.riken.jp).
Riken
Japan
Tel: +81 45 503 9111
Email: kiida@base.riken.jp
www.base.riken.jp/english/index.html

Stand 11

BIOBASE GmbH
BIOBASE is the leading provider of biological
databases, software and services. Our goal is to
help resolve the scientific information challenges of
our customers, including agricultural and
biotechnology companies as well as leading
academic and research institutions worldwide. Our
newest product offerings, BIOBASE Knowledge
Library™ Plant Edition (BKL-Plant) and ExPlain™
Plant, combine biological knowledge on plant gene
regulation, metabolism and signalling with promoter
analysis to enable agricultural researchers to
interpret high-throughput microarray and proteomics
data, discover gene regulatory networks, and
generate new hypotheses.
Halchtersche Strasse 33
38304 Wolfenbuettel
Germany
Tel: +49 (0) 5331 8584 25
Email:
m.arshad.ansari@biobase-international.com
www.biobase-international.com
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