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Foreword to the Report

Thanks for being interested in the latest activities of the
Multinational Arabidopsis Steering Committee (MASC).
As you will read within these pages it has been another
successful year for Arabidopsis research with an increase
in global publications and the development of many
outstanding collaborative tools that will enhance future
research in Arabidopsis, other model organisms and in
crop species.

MASC started in the early 1990’s, when scientists

from several countries formed an ad hoc committee

to promote large-scale research with Arabidopsis. The
ultimate goal was the understanding of physiological,
biochemical and developmental processes of flowering
plants at the molecular level, employing Arabidopsis as
a model system. In order to reach this long-term goal,
a commitment from the global Arabidopsis community
was essential. Therefore, actively engaged researchers
developed ‘The Multinational Coordinated Arabidopsis
- Genome Research Project’ in 1990. Over time this
morphed into the current incarnation of MASC which
is now onto its third decade-long roadmap document
entitled ‘From Bench to Beautiful Harvests’ (Lavagi et al.,
2012, Plant Cell, 24:2240-7). The major goal stated in
this road map is to obtain in-depth knowledge of how
the genome is translated into a continuum of processes,
from the single molecule to cells and tissues, the whole
organism, within populations and fields of plants. All
this in order to facilitate building predictive models of
Arabidopsis.

An important development over the past few years has
been the growing use of Arabidopsis as a model for the
study of natural variation and evolutionary processes,
work that has been driven forward by the participants in
the 1001 Arabidopsis Genomes project. This has led to
the generation of community tools such as AraGeno and
AraPheno, both of which offer a gateway for a wider set
of researchers to conduct investigations of this type.

Although global support for Arabidopsis research

varies in a country-by-country manner, it is extremely
reassuring that the three Arabidopsis seed stock centres
continue to go from strength to strength. This evidenced
by the appointment of Keith Slotkin as the new director
of the ABRC and the annoucement of continued funding
for NASC until 2021. Both these developments will
ensure a smooth continuation of these vital resources.

Arabidopsis remains an exemplar for plant genomic
resources with the Arabidopsis Information Portal
(Araport) continually adding to its portfolio of available
tools. During 2016 it notably published the much

expanded Araport11 genome annotation, integrated tools
from the BAR, and incorporated other public data sets.
This will enable an enormous amount of expression and
genome information to be located in a one-stop-shop for
those who wish to interact with these resources.

Elsewhere it is gratifying that TAIR has established itself as
an exemplar of a subscription-based funding model that
supports their excellent biocuration (Reiser et al (2016)
Database (Oxford) 10.1093/database/baw018). This

has allowed the continued development of their Gene
Ontologies and the support to fully integrate their work
with the new Araport11 genome release.

MASC has undergone a significant organisational change
over the past two years as it is now established as a
not-for-profit organisation that is registered in Canada.
MASC Inc includes Nicholas Provart as president, Siobhan
Brady as treasurer, and Marilia Campos as secretary. The
remaining 8 Directors of MASC Inc have yet to be chosen
and will be elected at the annual meeting at ICAR2017

in St Louis. Furthermore the Annual meeting will discuss
the funding structure of MASC Inc and the relationship
with future ICAR conferences. Moving forward MASC Inc
hopes to be able to provide seed funding for future ICAR
meetings even though the precise mechanisms for this
interaction remain under discussion.

The 2016/2017 annual MASC report is the 5" published
under the current road map. In this publication you will
read about the progress of MASC activities. Members of
seven of the eight MASC subcommittees, representatives
of 25 from the 28 member countries and directors of
resource centers and community projects have contributed
to this years report. We also feature a selection of open
access Arabidopsis publications that exemplify the span of
research in which this model organism is important.

MASC thanks the local organisers of the 28" ICAR in
St Louis for their support and all MASC members who
contributed to this report.

Finally we would like to thank Loic Lepineic and all at

Science des Plantes de Saclay for providing financial
support for printing and distribution of the full report..

The Multinational Arabidopsis Steering Committee

- June 2017
®SPS
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Executive Summary

As we enter the second 50 years of use as a model
organism, research in Arabidopsis remains more highly
published than any other plant species. In addition,
Arabidopsis remains the most important reference plant
that is used during the development of new technologies.
These range from establishing bespoke phenotyping
platforms through to the full development of tools that
take advantage of remarkable developments across a
range of ‘omic techniques. In addition Arabidopsis is now
often used as a tool to understand natural variation and
population scale effects following the many successes of
the 1001 Arabidopsis Genomes project.

Arguably the global community of Arabidopsis research
can be characterised as existing at two speeds. In many
countries, such as the USA, South Korea and the UK,
there are major challenges when obtaining funding for
Arabidopsis research given the move toward increasing
support for crop species. In these locations it is uncertain
how future funding schemes will support research in
Arabidopsis regardless of its clear importance in providing
insights into fundamental biological processes.

In other countries, such as China, the Netherlands, Chile
and in Sweden, the opportunities for Arabidopsis research
remain strong. Nowhere is this more clear than in China,
that still sees a large increase in the number of published
manuscripts that feature Arabidopsis research. In most
countries there has been a plateau in the number of
Arabidopsis papers but given the general stagnation in
funding for basic research this can perhaps be taken as an
overall positive sign. The individual Country Reports begin
on Page 41 in which readers can obtain an understanding
of the state of Arabidopsis research in each location.

International Conference on Arabidopsis
Research (ICAR)

MASC members are responsible for hosting the annual
International Conference on Arabidopsis research in their
respective home countries:

27" ICAR, Gyeongju, South Korea: June 29"-July 3" 2016
28" ICAR, St. Louis, Missouri, USA: June 19%-231 2017

Save the dates for the upcoming ICARs!

29" |CAR, Turku, Finland: June 25th-29th 2018

30" ICAR, Wuhan China: June/July 2019.

31#ICAR, location TBD, The Americas. June/July 2020.

Progress and Activities of MASC

> MASC chair 2016/2017: Inhwan Hwang (Pohang
University of Science and Technology, Republic of Korea)
> MASC joint co-chair 2016/2017: Doris Wagner (UPenn,
{Philadelphia USA)

> MASC joint co-chair 2016/2017: Elizabeth Haswell
(Washington University, St Louis, USA)

> MASC coordinator 2017: Geraint Parry (Cardiff
University, UK) funded by GARNet, BBSRC

> 26" ICAR 2016: 954 attendees and 580 submitted
poster abstracts (Figure 2, page 10)

MASC web page: www.Arabidopsisresearch.org

Analysis and Recommendations of MASC

By analysing the activities documented in this report it is
fair to conclude that Arabidopsis research remains very
active, efficient and innovative. This is a result of years
of collaboration and coordination among scientists from
across the globe, who did not spare efforts in promoting
Arabidopsis as the model for scientific discoveries in plant
biology. Still, the funding situation in several countries
demonstrates a current preference for financing applied
versus basic research, which lead to a few concerns
regarding the future of Arabidopsis research. MASC will
continue to provide a voice for the community and ensure
that funding bodies and decision makers become aware
of the importance of Arabidopsis not only for pioneering
research, but also to serve as a pathway to translation into
crops.

MASC Subcommittees

Currently eight MASC Subcommittees monitor progress
and important activities as well as discuss future
directions of each of their respective fields of Arabidopsis
research. Members of each subcommittee are in positions
to stay in close contact with the community and promote
international cooperation (pages 12-26).

In the lead up to the annual meeting that will take place
at ICAR2017, there have been questions tabled about the
future directions of these subcommittees. Therefore this
will be a topic of conversation at the annual meeting.




Seven of the subcommittees have contributed to the 2016-
2017 annual MASC report.

These are:

Bioinformatics (page 12)

ORFeomics (page 14)

Metabolomics (page 16)

Natural Variation (page 17)

Phenomics (page 20)

Proteomics (page 24)

Systems and Synthetic Biology (page 25).

Arabidopsis Community Projects and Resources

A key component of the mature Arabidopsis research
community is the variety of resources that have been
developed over of the course of the past 20 years. These
community projects, stock centers and bioinformatic
resources enable researchers to fully integrate their
research from its initial phenotypic description through to
full multi-omic characterisation.

Information on the progress and activities of the range of
community resources can be found on pages 27-34.

Arabidopsis Scientific Highlights in 2016/2017

According to an NCBI search, Arabidopsis researchers
published 4,327 peer-reviewed papers in 2016, which is
a return to the numbers seen in 2013 and 2014. This is
largely due to the continued increase in publications from
Chinese researchers. As also shown in figure 4 (page 35)
this reflects a plateauing in papers from many countries,
which is significantly different to the situation in China.

In this report we highlight nine Open Access papers that
demonstrate the breadth of research in which Arabidopsis
is involved. The topics range from basic research, which
adds to our understanding of the fundamental cell
biology of gene regulation, includes large scale genomic
studies through to translational studies that improve our
understanding of plant-insect interactions. The titles of
these papers are shown below:

> A noncanonical auxin-sensing mechanism is required
for organ morphogenesisin Arabidopsis. Genes and
Development.

> Cryptochromes Interact Directly with PIFs to Control
Plant Growth in Limiting Blue Light. Cell.

> Genomes Reveal the Global Pattern of Polymorphism
in Arabidopsis. Cell.

> Population scale mapping of transposable element
diversity reveals links to gene regulation and epigenomic
variation. Elife.

> The Mitochondrial Complexome of Arabidopsis The
Plant Journal.

> A Novel Role for Methyl Cysteinate, a Cysteine
Derivative, in Cesium Accumulation in Arabidopsis.
Scientific Reports.

> Generation of stable nulliplex autopolyploid lines of
Arabidopsis using CRISPR/Cas9 genome editing. Plant Cell
Reports.

> Quantitative monitoring of Arabidopsis growth and
development using high-throughput plant phenotyping.
Scientific Data.

> Virus Infection of Plants Alters Pollinator Preference:
A Payback for Susceptible Hosts? PLoS Pathogens.

Country Highlights

MASC is supported by individual countries through the
election of representatives that report back each year on
the progress that their colleagues have made. In addition,
they provide an important commentary on the prospects
for Arabidopsis research in their individual countries.

The country reports serve to highlight the exceptional
numbers of research tools that have been developed for
the benefit of the global Arabidopsis community, perhaps
most notably from Australia, Austria and Japan.

At the present time 28 countries support MASC and from
these members there have been 25 contributions to this
report (page 41). We encourage researchers from other
countries who are not featured in this MASC report to get
involved with this process by contacting a member of the
MASC Steering Committee. Providing an update for the
global community not only highlights the outstanding
work that is occuring in their home country but also
provides an easy reference point that can be important

in discussions with potential funders and other interested
parties.

Progress and Activities of MASC

In 2016, Inhwan Hwang succeeded Loic Lepiniec to
become MASC chair whilst Doris Wagner and Elizabeth
Haswell became co-co-chairs (Figure 1). Doris and
Elizabeth will become the new MASC chairs when
Inhwan Hwang steps down following the 28" International
Conference on Arabidopsis Research (ICAR) in St Louis,
USA.

The proposed structure of of the not-for-profit MASC Inc.
includes non-paid positions for the President, Treasurer
and Secretary. These Officers are supported by a Board

of eight Directors, who will be elected for a 4 year term.
The Country, Resource and Subcommittee representatives
are proposed to become members of MASC Inc. How
the new structure of MASC, Inc. will fit with the current
organisation will be discussed at the MASC annual
meeting in St Louis.

The MASC report was assembled by Geraint Parry who
also organised the MASC annual meeting. Geraint takes
on this role in addition to his current position as the
GARNet coordinator in the UK. It is hoped that this role
will continue for the foreseeable future, taking advantage
of the full time funding provided to the UK plant science
community by the Biotechnology and Biological Sciences
Research Council (BBSRC). The coordinator position was
established in 2002 and has been previously supported
by the NSF (USA), the DFG (Germany) and by the BBSRC.
The MASC coordinator provides help and coordination to
MASC and the larger Arabidopsis research community. As
there is no specific funding for the MASC oordinator, the
usual roles have been reduced yet still include:

- Serving as executive secretary of MASC

- Writing and editing of the annual MASC progress report
with input from MASC members

- Maintaining and updating the MASC web pages to
inform the global research community about various
opportunities, collaborations, large-scale activities and
research progress

- Organizing the MASC annual meeting during the ICAR.

MASC operates via three groups who receive continuous
input from the whole Arabidopsis and plant community:
MASC subcommittees, Arabidopsis community projects

and resources and MASC country representatives (Figure
1).

The MASC subcommittees, proposed in 2002, were
established to help tracking the progress and advances
made by the international Arabidopsis community. This
report includes contributions from seven of the eight
current subcommittee chairs/co-chairs: Bioinformatics,
ORFeomics, Metabolomics, Natural Variation and
Comparative Genomics, Phenomics, Proteomics and
Systems and Synthetic Biology (page 12).

The requirements for a subcommittee to be considered
active were formulated in 2009:

- Submission of an annual report
- Input at MASC annual meetings

MASC co-chair w MASC coordinator

Doris Wagner (USA)

Inhwan Hwang
Elizabeth Haswell (USA) (KOR)

Geraint Parry (GBR)
GARNet

MASC subcommittees Community projects & resources MASC country representatives

Bioinformatics

ORFeomics

Epigenetics and Epigenomics
Metabolomics

Natural Variation and Compara- TAIR
tive Genomics

Phenomics

Proteomics

Systems and Synthetic Biology

Community:

Resource and Stock Centers:

ABRC, NASC, RIKEN-BRC  Australasia:
Arabidopsis Informatics and Data
Sharing Resources: IAIC, Araport, ISR

EPPN, CyVerse, Gramene

North America (NAASC): CAN, USA
AUS, NZL, CHN, IND, JPN, KOR,

South America: ARG, BRA, CHL

Plant Projects and Resources with  Europe:
Strong Participation of Arabidopsis ~ AUT, BEL, CZE, DNK, FIN, FRA,

BAR, BrassiBase, = GER, GRC, HUN, IRL, ITA, NLD,

ESP, SWE, CHE, GBR

Arabidopsis community Plant community

Figure 1. Current structure of Multinational Arabidopsis Steering Committee (MASC). For explanation of ab-
breviations see MASC Subcommittee (page 12), Arabidopsis Community Projects and Resources (page 27) and
MASC Country Reports (page 41)




- MASC subcommittee chair has to be nominated with a
3-year minimum term to provide continuity

- Co-chairs could help promote activity of the
subcommittee

- MASC subcommittee chairs/co-chairs should confirm
leadership annually. If necessary, new subcommittee
chairs should be found

- Chair/co-chair should confirm and represent the interest
of subcommittee members.

Representatives of Arabidopsis community projects and
resources attend the annual MASC meeting and contribute
to the annual MASC report to broadcast their progress,
activities and goals to the community (page 27).

The three resource and stock centers, i.e. the Arabidopsis
Biological Resource Center (ABRC, US), the Nottingham
Arabidopsis Stock Centre (uNASC, UK) and the RIKEN
BioResource Center (RIKEN BRC, Japan), continue to
encourage donations to keep their stocks up-to-date
following the newest technologies. In order to ensure a
broader and more efficient distribution of resources within
the community, the stock centers operate coordinately
with each other, as well as with Arabidopsis online portals.

Progress of Arabidopsis informatics and data sharing
resources is also highlighted in this year’s report,
including updates from the Arabidopsis Information
Portal (Araport) and The Arabidopsis Information
Resource (TAIR). Efforts of two other community
projects (BAR, Gramene) with strong participation of the
Arabidopsis community are also presented in the report
(page 32-34).

Country representatives attend the annual MASC meeting
held during ICARs and contribute to the annual MASC
report by submitting country reports. In 2016/2017,

25 have contributed to this year’s report. Weicai Yang

has stepped down as the MASC representative from
China and has been kindly replaced by Yuling Jiao.
Similarly Barry Pogson is no longer the representative
from Australia and is replaced by Monika Murcha.

MASC thanks country representatives for their valuable
contributions and highly encourages researchers working
on Arabidopsis to get involved in MASC activities, e.g.
subcommittees, projects and resources or as country
representatives.

The 27 International Conference on Arabidopsis
Research (ICAR) was held in Gjeong-Ju, South Korea
from June 29th- July 3rd 2016 where the organising
committee was lead by Inhwan Hwang. The meeting was
extremely successful and there was a great atmosphere

attendees have presented a poster during the ICARs over
the last 12 years.

Based on 185 respondants to the post-meeting survey
there was an approximate even number of attendees
from Asia versus the rest of the world. It is enthusing to
learn that around a third of attendees were PhD students,
demonstrating a strong future for Arabidopsis research,
particularly in the far east. Over 80% of attendees
reponded that they though the meeting was ‘Excellent

or Good’, which reflects the fantastic location and
organisation of the meeting.

The success of the 27" ICAR was in part also due to
efforts of many MASC members who were involved in
the program: This included the organisation of ABRC

and NASC booths, RIKEN booth, TAIR booth and these
community workshops: “Bioinformatics and Data
resources (Eva Huala: TAIR)”, “Emerging Genomics
Techniques and the Future of Research using Arabidopsis
(Siobhan Brady and Cranos Williams)”, “CO2 acquisition
in C3 and C4 Plants (Inhwan Hwang)”.

cumulating in a very enjoyable closing ceremony
featuring traditional Korean music and dance. 954
people from 29 countries attended the 27" ICAR in South
Korea and over 60% of the attendees (580) submitted

a poster abstract (Figure 2). On average 63% of the

27th KOR 2016

26th FRA 2015

25th CAN 2014
i No. Posters abstracts

24th AUS 2013 i No. Attendees

23th AUT 2012

22th USA 2011

21th JPN 2010

20th UK 2009

19th USA 2008

18th CHN 200

17th USA 2006

16th USA 2005

0 200 400 600 800 1000 1200 1400 1600

Figure 2. Number of attendees (blue) and number of posters
presented (red) at the International Conference on Arabidopsis
Research since 2005, when information about posters became
available.

Analysis and Recommendations by

MASC

Compiled by Geraint Parry with input from Elizabeth
Haswell and Nick Provart.

The main objective of MASC is to promote and facilitate
research in Arabidopsis, a powerful reference system for
plant molecular and genetic approaches. By publishing
this annual report we bring together in one place
information about the remarkable progress that has been
made across all facets of research in this dynamic of plant
science research community.

One aspect of the Arabidopsis community that is
strongely highlighted throughout this report is the
continued development of shared resources. In 2016 the
1001Arabidopsis Genomes Consortium published their
most complete work which, alongside the publication
of the 1001 Epigenomes provides an enormous resource
of information about natural variation throughout

global Arabidopsis accessions. As appropriate for such

a community-driven project all of the information from
these papers are publically available and the project has
generated additional resources including the AraPheno
and AraGeno projects.

The integration of the 1001 Arabidopsis Genome data into
Araport demonstrates the parallel thinking from the leaders
of these resources. This type of interaction was further
demonstrated in 2016 with the integration of the BAR
ePlant visualisation tool into Araport. As genome resources
from other plants are beginning to increase in complexity
it is important that Araport interacts with these tools in
order to aid cross-fertilisation of research between models
and crop species.

In many countries over the past few years, it has become
increasingly difficult to convince funding organisations
that Arabidopsis research is a vital part of the generation
of resources for crop science. By integrating Arabidopsis-
facing resources with the nascent genomic tools from
other organisms will ensure that Arabidopsis remains
relevant as plant scientists attempt to tackle the challenges
of global food security by utilising current and novel crop
models.

Although certain country representatives, (such as from
Ireland and Italy) report significant challenges in obtaining
funding for basic research focussed on Arabidopsis,
fortunately it appears that this is not a global problem. In
addition to the continued productivity in China (Figure

4 on page 35) other countries such as The Netherlands,
Sweden, Finland, Chile, New Zealand and Israel report
positive developments in the availability of funding to

support basic science that encompasses Arabidopsis
research. Hopefully the collaborative nature of the
Arabidopsis research community means that colleagues

in countries with a healthy funding situation can support
publications and resource-building in countries where
funding is currently more challenging to obtain. Hopefully
the general high tide of Arabidopsis productivity will raise
overall global research funding prospects.

The 25 country reports contained in this MASC report
demonstrate that there are excellent resources being
developed all around the world. This is a fantastic
situation, yet the community must be wary of duplicating
efforts, especially as funding resources are finite.
Hopefully this report can provide a unique global
perspective that distributes important information that can
reduce any unnecessary repetition of effort.

MASC members are responsible for deciding upon the
location of the annual ICAR meeting. Since 2007 they
have been hosted on a three-year cycle between Asia,
North America and Europe. Inevitably the location of
ICAR dictates where the majority of attendess reside.
Whereas the 2016 ICAR in South Korea has almost 1000
attendees from 29 countries, it unfortunately appears
that political changes will impact the number of overseas
attendees at the upcoming meeting in St. Louis. Hopefully
the number of attendees will again increase for the 2018
ICAR in Turku, Finland.

Whether there is scope for increasing the breadth of
meeting venues for future ICARs is open for debate. It
is possible there could be the opportunity to take the
meeting to South America, India or to Africa, as that
would surely encourage Arabidopsis research in those
regions.

In conclusion, the results obtained this year demonstrate
that Arabidopsis research remains very active, efficient
and innovative with thriving research communities in
many countries. The most numerous research outputs have
moved east away from traditional strengths, yet in the USA
and Western Europe research is underpinned by broad
community resources that have been developed over the
past decade or longer. It will be exciting to discover the
directions that research will take as new group leaders
emerge in countries with currently healthy funding
situations.

There is no doubt that as these tools are generated, the
new MASC Inc organisation will continue to promote and
interact with these exciting resources.




Reports from MASC Subcommittees

Reports of the MASC Subcommittees

Bioinformatics

http://Arabidopsisresearch.org/index.php/
subcommittees/bioinformatics

Compiled by Nicholas Provart with input from MASC
Bioinformatics Subcommittee members and the wider
Arabidopsis community.

Araport.org Araport officially released the Araport11
protein coding gene set containing 27,655 loci with
48,359 transcripts to NCBI in June 2016 (Cheng et al.,
2017). Of TAIR10 protein-coding gene models, 68.9%
(24,385/35,385) have been updated among which 4.7%
(1,1791) and 95.3% (24,367) have altered CDS and UTR
sequences respectively. The number of genes in AraportT1
with splice variants (10,696; 38.7%) is much higher than
reported in TAIRTO (20.8%). Also in the area of splice
isoform prediction, John Brown and colleague (Zhang

et al., 2016b) have created AtRTD2, a new reference
transcript data set for RNA-seq analysis created from
285 RNA-seq data sets in the Sequence Read Archive

at NCBI and by merging information from Araport 11.

A total of 13,524 protein-coding genes have at least

one alternatively spliced transcript in AtRTD2 such that
60.23% of the 22,453 protein- coding, intron-containing
genes in Arabidopsis undergo alternative splicing.

Eva Huala and colleagues at TAIR have successfully moved
to a subscription-based model, and their non- profit
organization, Phoenix Bioinformatics, continues TAIR’s
annotation work (Reiser et al., 2016). They released the
9th public release of new annotations in January 2017,
containing annotations and other data added through

the end of December 2016. Subscribers (and students in
courses) can access 627 new gene symbols and 696 new/
updated gene summaries added in the past year. In this
time TAIR also added 8,890 new GO and PO annotations,
generated by TAIR curators, TAIR community, UniProt

and the GO consortium, to 4,883 loci, incorporating
experiment-based data from 1,542 research articles.
Finally TAIR linked 2,572 articles to 3,808 loci, and added
243 new alleles and 213 new phenotypes to TAIR from the
literature.

Aleksy Penin and colleagues at the Russian Academy of
Science published an RNA-seq atlas covering 79 organs
and developmental stages from Arabidopsis, which is
sure to be a highly-cited work (Klepikova et al., 2016), as
was the Affymetrix-based version published by Schmid
et al. more than a decade ago (2005). Klepikova et al.
report 37, 873 previously unreported splice junctions
not in the TAIRT0 database. Lida Zhang and colleagues

at Shanghai Jiao Tong University have inferred 316,747
high-confidence interactions among 12,574 Arabidopsis
proteins from both three-dimensional structures and
functional evidence (Zhang et al., 2016a), and Ziding
Zhang’s group at the China Agricultural University have
created AraPPISite, a database of fine-grained protein-
protein interaction site annotations for Arabidopsis (Li et
al., 2016).

Other “big data” papers include Vincent Colot and
colleagues’ analysis of the Arabidopsis “mobilome”
covering 211 Arabidopsis accessions from around the
globe, in which they identified thousands of recent
transposition events involving half of the 326 TE families
in Arabidopsis (Quadrana et al., 2016). Works from

the Ecker Lab at the Salk Institute that will be useful for
gene regulatory network reconstruction include a 21
transcription factor ChIP-seq/RNA-seq experiment for
TFs involved in ABA response (Song et al., 2016), and
O’Malley et al.'s DAP-Seq effort to map the binding
specificity of 529 TFs from Arabidopsis (2016). A test with
native genomic DNA from Arabidopsis leaves revealed
methylation sensitivities for 76% of the TFs surveyed.

Tools for exploring existing gene expression data include
an update to AtCAST3.0 for identifying experiments
having similar transcriptional responses as one’s own
(Kakei and Shimada, 2015), updates to Takeshi Obayashi
and colleagues” ATTED-II to include RNA-seq data sets
for gene-by-gene coexpression analyses (Aoki et al.,
2016), and a user-friendly extension of the Bio-Analytic
Resource’s Expression Angler to pictographically describe
the kind of expression pattern for genes one is interested
in identifying (Austin et al., 2016). Kentaro Yano’s group

at Meiji University have published three useful papers:
PlantExpress, for comparing gene expression networks
between rice and Arabidopsis (Kudo et al., 2017);
CATchUP, a database of spatio-temporally-regulated genes
for 8 species, including Arabidopsis (Nakamura et al.,
2017); and sets of reference genes based on RNA-seq data
for Arabidopsis and crop species (Kudo et al., 2016).

A good overview of several plant genomic databases

is provided in volume 1533 of Methods in Molecular
Biology (Plant Genomics Databases - Methods and
Protocols | Aalt-Jan van Dijk | Springer), including
chapters on ENSEMBL Plants, the BAR, PLAZA, Plant
Promoter DB and many others. A similar collection
providing a good overview of plant bioinformatic
resources is available in the open-access Current Plant
Biology special edition on genomic resources and
databases (Naithani and Van de Peer, 2016). The 2017
Nucleic Acids Research database issue (Volume 45 Issue
D1 | Nucleic Acids Research | Oxford Academic) contains
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updates or reports on 13 plant databases. Of note here:
PlantTFDB and AraPheno, a database of Arabidopsis
phenotypes.
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Clone-Based Functional
Genomics Resources
(ORFeomics)

http://Arabidopsisresearch.org/index.php/
subcommittees/orfeomics

By Motoaki Seki (Chair) and Joe Ecker
(Co-Chair) with contributions from
subcommittee members, Masatomo
Kobayashi (RIKEN BRC), Satoshi luchi
(RIKEN BRC), Erich Grotewold (ABRC) and i
Debbie Christ (ABRC)

Progress Towards Goals of the Subcommittee
Keeping tracking progress made towards the production of
full-length cDNAs and open reading frame (ORF) clones
for all annotated Arabidopsis protein-coding genes.

Future Goals of the Subcommittee

ORFeomics subcommittee would like to propose a new
project to collect all ORF (full-length cDNA) clones
from every Arabidopsis protein-coding gene so as to
test protein-protein, protein-DNA and protein-RNA
interactions.

Our recent search showed that now about 23,000
Arabidopsis protein-coding genes have been isolated
as Full-length cDNA (ORF) clones. One of the last
unexplored continents of Arabidopsis are the remaining
6,000 protein-coding genes. After that, only the non-
coding genes remain to be isolated.

With the completion of isolating all 29,000 Arabidopsis
protein-coding genes, comprehensive analysis of plant
gene function will become possible by various functional
analyses using transgenic and protein expression
approaches.

The human whole ORFeome project is already ongoing.
Arabidopsis is a model plant, thus this will represent the
first big plant ORFeome project. On completion it might
be possible to start synthetic biology using the whole
gene set of Arabidopsis to allow functional studies of
corresponding proteomes.

Tools and Resources

We prepared the updated list of Full-length cDNA and
ORF clones that are available from Resource Centers
(Please see the table on page 15). The revised clones are
shown in red. New clones include pIX-HALO vector ones
for 768 transcription factor genes.

Selected Publications

O’Malley, R.C.,Huang, S.C.,Song, L., Lewsey, M.G.,
Bartlett, A., Nery, J.R., Galli, M., Gallavotti, A. and Ecker,
J.R. (2016) Cistrome and Epicistrome Features Shape

the Regulatory DNA Landscape. Cell 165:1280-1292.

Yazaki, J., Gallia, M., Kima, A.Y., Nito, K., Alemand,

F., Changb, K.N., Carvunis, A.R., Quana, R., Nguyen,

H., Song, L., Alvarez,).M., Huang, S.S.C., Chen, H.,
Ramachandran, N., Altmann, S., Gutiérrez, R.A., Hille,
D.E., Schroeder, J.I.,Chory, J., LaBaer, J. I, Vidal, M., Braun,
P. and Ecker, J. R. (2016) Mapping transcription factor
interactome networks using HaloTag protein arrays. Proc.
Natl. Acad. Sci. USA 113:E4238-4247.
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[Creator Format Focus Validation Scale URL Stock
Center
|ORF clones
SSP/RIKEN/Salk Univector pUNI51 Full sequence 14,398 signal.salk.edu/cdnastatus.html ABRC
LSO http://methylome.salk.edu/cgi-bin/
clones.cgi
Salk/Invitrogen Gateway entry Full sequence 12,114 signal.salk.edu/cdnastatus.html ABRC
http://methylome.salk.edu/cgi-bin/
clones.cgi
CCSB/Salk Y2H clones Plant Interactome Full sequence 18,258 http://interactome.dfci.harvard.edu/A_  ABRC
Network Map thaliana/host.php
TIGR Gateway entry Hypothetical genes Full sequence 3,041 www.tigr.org/tdb/hypos/ ABRC
Peking-Yale Joint Gateway entry Transcription factors 5 and 3’ end seq. 1,282 ABRC
Center
Dinesh-Kumar et al. Gateway expression TAP-tagged TFs 5'and 3’end seq. 15,543 ABRC
REGIA Gateway entry Transcription factors 5 and 3’ end seq. 982 gabi.rzpd.de/materials/ GABI/
Dinesh-Kumar et al. Gateway entry, no  Plant protein chips 5'and 3’endseq. 7,300 plants.gersteinlab.org/ ABRC
stop
pLIC-CTAP
IATOME collection Gateway entry 5 and 3’end seq. 6,448 http://urgv.evry.inra.fr/ATOMEdb ABRC, CNRGV
Doonan et al. Gateway Expression GFP fusions 155 ABRC
Callis et al. Gateway entry Protein ubiquitination  Full sequence 111 plantsubg.genomics.purdue.edu ABRC
Sheen et al. Expression Epitope tagged MAPK Full sequence 100 genetics.mgh.harvard.edu/sheenweb/ ABRC
category_genes.html
Steve Clouse Gateway expression N-terminal Flag/His 855 (73 new http://www4.ncsu.edu/~sclouse/ ABRC
tagged kinases in 2015) Clouse2010.htm
Frommer et al. Gateway entry, no Membrane and signal- 5 and 3’ end seq. 2,712 http://associomics.org ABRC
stop ing proteins
Frommer et al. Gateway Expression Membrane and signal- 5 and 3’ end seq. 5,414 http://associomics.org ABRC
(mbSUS clones) ing proteins
AIST/RIKEN Gateway entry, no  Transcription factor Full sequence 1,998 BRC
stop
RIKEN Gateway entry, no  Transcription factor Full sequence 399 BRC
stop
Allie Gaudinier and Y1H, AD vector Transcription factor Full sequence 635 ABRC
Siobhan Brady
SALK/Promega pIX-HALO vector 12,069 ABRC
O’Malley et al. pIX-HALO vector Transcription factor Full sequence 768 ABRC
Guillaume Pilot pDONRZEO vector Membrane protein 5 and 3’ end seq 192 ABRC
Pruneda-Paz et al. Gateway Entry, no  Transcription factor Full sequence 1,956 ABRC
stop
Pruneda-Paz et al. Gateway Desti- Transcription factor Full sequence 1,956 ABRC
nation, no stop,
pDEST22
Lao et al. Gateway DONR, no glycosyltransferases  Full sequence 429 http://gt.jbei.org/ ABRC
stop, pPDONR223
IAmita Kaundal et al. Gateway DONR, no 26 ABRC
stop, pPDONR201
cDNA clones
RIKEN/SSP/Salk AN ZAP or A PS Full sequence/ 22,671 www.bre.riken.go.jp/lab/epd/Eng/order/order. BRC
5" and 3’ end seq. shtml
IMPI-MG Gateway expression 5’ end seq. 4,500 gabi.rzpd.de/materials/ GABI/RZPD
Génoscope/LTlI Gateway entry Full single pass seq. 28,866 CNRGV

www.genoscope.cns.fr/Arabidopsis
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Metabolomics
http://Arabidopsisresearch.org/index.php/
subcommittees/metabolomics

Kazuki Saito (chair) and Wolfram

Weckwerth (co-chair) with contributions
from subcommittee members and the wider |
Arabidopsis community

Conferences and Workshops
-2016/6/27-30

Metabolomics 2016 in partnership with Plant
Metabolomics Forum, Dublin, Ireland

-2016/7/24-27

9th Joint Natural Products Conference 2016, Copenhagen,
Denmark

-2016/8/6-10

55th Annual Meeting of th Phytochemical Society of North
America, Davis, US

-2016/11/21-24

International PSE Symposium, Plant Omics and
Biotechnology for Human Health, Gent, Belgium
-2017/6/26-29

Metabolomics 2017, Brisbane, Australia

-2017/7/9-14

Gordon Research Conference, Plant Metabolic
Engineering, Waterville Valley, NH, US

-2017/7/16-20

The 4th International Conference on Plant Metabolism
(ICPM 2017), Dalian, China

Selected Publications

- Arthur S Edison, Robert D Hall, Christophe Junot, Peter
D Karp, Irwin ] Kurland, Robert Mistrik, Laura K Reed,
Kazuki Saito, Reza M Salek, Christoph Steinbeck, Lloyd
W Sumner, Mark R Viant (2016) The Time Is Right to Focus
on Model Organism Metabolomes. Metabolites, 6, 8;
doi:10.3390/metabo6010008

- Takayuki Tohge, Regina Wendenburg, Hirofumi Ishihara,
Ryo Nakabayashi, Mutsumi Watanabe, Ronan Sulpice,
Rainer Hoefgen, Hiromitsu Takayama, Kazuki Saito,
Mark Stitt, Alisdair R. Fernie (2016) Characterization

of a recently evolved flavonol-phenylacyltransferase

gene provides signatures of natural light selection in
Brassicaceae. Nature Commun., 7, 12399 doi:10.1038/
ncomms12399

- Hiroshi Tsugawa, Tobias Kind, Ryo Nakabayashi, Daichi
Yukihira, Wataru Tanaka, Tomas Cajka, Kazuki Saito, Oliver
Fiehn, Masanori Arita (2016) Hydrogen rearrangement
rules: computational MS/MS fragmentation and structure
elucidation using MS-FINDER software. Anal. Chem., 88,
7946-7958

Analysis and Recommendations

Progress Towards Goals of the Subcommittee
Since metabolomics is an important component

of Arabidopsis ‘omics, a continuous goal of this
subcommittee will be to promote metabolomics research
of Arabidopsis leading to functional genomics and
systems biology. For this purpose we plan to establish a
website for the initial process of consolidating Arabidopsis
metabolomics activities making them more visible for the
community.

Full integration of Arabidopsis-based metabolomics
research with the activity of the Metabolomics Society
(http://www.metabolomicssociety.org/) is also an
important goal of this subcommittee. Several members of
the subcommittee are involved in drawing up the plant
biology specific documentation for the Metabolomics
Society. In addition this committee will aim to establish a
mechanism that allows the dissemination of metabolomics
datasets to the wider Arabidopsis community and
encourage and facilitate initiatives for the integration of
metabolomic datasets with other omic datasets. This will
involve depositing metabolomic data in a usable format
for data integration.

Future Goals of the Subcommittee

To realize the goals, we aimed to establish the
subcommittee website for more efficient exchange of
information and dissemination of the subcommittee’s
activity. This subcommittee website has been launched
at www.masc-metabolomics.org. The subcommittee
discussion will be taken not only in the occasion of ICAR
annual meeting but also in the occasions of several other
metabolomics-related meetings, where the subcommittee
members can join. The web interface will provide

user with a user-friendly tool to search for Arabidopsis
metabolomics data in available databases.

Tools and Resources
www.masc-metabolomics.org
Metabolomics subcommittee website

http://prime.psc.riken.jp/

Metabolomic characterization of 50 Arabidopsis
mutants and the database as a functional genomics tool
(MeKO), Arabidopsis metabolome expression databases
‘AtMetExpress development’, ‘AtMetExpress 20 ecotypes’
and ‘ReSpect for Phytochemicals’. MS-DIAL: data
independent MS/MS deconvolution for comprehensive
metabolome analysis.

www.plantmetabolomics.org

A web portal of Arabidopsis Metabolomics Consortium
that contains data from an NSF-2010 funded project
concerning metabolite profiling of a set of metabolic
mutants.
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http://mmcd.nmrfam.wisc.edu/

The Madison-Qingdao metabolomics consortium database
has emphasis on Arabidopsis and contains both NMR and
MS data of metabolites.

MetabolLights (http://www.ebi.ac.uk/metabolights) is a
database for Metabolomics experiments and derived
information. The database is cross-species, cross-technique
and covers metabolite structures and their reference
spectra as well as their biological roles, locations and
concentrations, and experimental data from metabolic
experiments and is a collaborative multi-laboratory effort
including groups specialising in plant metabolism.

Natural Variation

http://Arabidopsisresearch.org/index.php/
subcommittees/

J. Chris Pires (chair), Brian Dilkes (co-chair)
with contributions from subcommittee
members and the wider Arabidopsis
community

Conferences and Workshops
In addition to regular annual meetings (ASPB, ICAR, PAG),
the following conferences are planned for 2017-2018:

BrassiBase workshop held in Heidelberg in October 2017.
Detailed information is found on www.ruhr-uni-bochum.
de/dfg-spp1529.

Plant Genome Evolution in Spain in October 2017
https://www.elsevier.com/events/conferences/plant-
genome-evolution

Brassica 2018 will meet in St. Malo, France - this and
other Brassica conference announcements can be found at
http://www.brassica.info/info/events.php

Selected Publications

1001 Genomes Consortium (2016). 1,135 genomes reveal
the global pattern of polymorphism in Arabidopsis. Cell
166, 481-491.

Cheng F, Sun R, Hou X, Zheng H, Zhang F, Zhang, Liu
B, Liang J, Zhuang M et al. (2016). Subgenome parallel
selection is associated with morphotype diversification
and convergent crop domestication in Brassica rapa and
Brassica oleracea. Nature Genetics doi: 10.1038.ng.3634.

Golicz AA, Bayer PE, Barker GC, Edger PP, Kim H-R,
Martinez PA, Chan CKK, Severn-Ellis A, McCombie R,
Parkin IAP, Paterson AH, Pires JC, Sharpe AG, Tang H,
Teakle GR, Town CD, Batley J, and Edwards D. (2016).
The pangenome of an agronomically important crop plant
Brassica oleracea. Nature Communications 7: 13390.

Kawakatsu T., Huang S.-S.C., Jupe F, Sasaki E., Schmitz
RJ, Urich MA, Castanon R, Nery JR, Barragan C, He Y, et
al. (2016). Epigenomic diversity in a global collection of
Arabidopsis accessions. Cell 166, 492-505.

Novikova P, Hohmann N, Nizhynska V, Lanz C,
Tsuchimatsu T, Muir G, Guggisberg A, Paape T, Schmid
K, Fedorenko O, Holm S, Sall T, Schlotterer C, Marhold
K, Widmer A, Sese ], Shimizu KK, Weigel D, Kramer U,
Koch MA, Nordborg M. (2016) Sequencing of the genus
Arabidopsis reveals a complex history of non-bifurcating
speciation and abundant trans-specific polymorphisms.
Nature Genetics. doi:10.1038/ng.3617.

Analysis and Recommendations

Progress Towards Goals of the Subcommittee
(A) Build a predictive model of an Arabidopsis plant from
its molecular parts

* Progress was made in expanding epigenomic insights in
Arabidopsis (Kawakatsu et al. 2016).

(B) Exploit the wealth of natural variation that exists

in Arabidopsis and related species to further our
understanding of adaptation and evolution

* Progress in the natural variation of Arabidopsis was
made with the sequencing of 1,135 genomes (The 1001
Arabidopsis Genomes Consortium 2016), and several
closely related species of Arabidopsis (Novikova et al.
2016).

e Progress in comparative genomics was made in
sequencing additional genomes.

Major milestones were made in sequencing the
economically important genus Brassica, including the
publication of hundreds of accessions of Brassica rapa,
Brassica oleracea, and associated pan-genomes (Cheng et
al. 2016, Golicz et al. 2016). These studies in comparative
genomics and natural variation illuminated several aspects
of Brassicaceae biology.

(E) Deepen international cooperation and coordination

* Progress was made toward international cooperation
and coordination at various meetings, including the
annual meetings of the Brassicales Map Alignment Project
(BMAP, see http://www.brassica.info/resource/sequencing/
bmap.php and the Multinational Brassica Genome
Project (MBGP, http://www.brassica.info/info/about-mbgp.
php#meetings.

The BMAP species sequenced soon to be on Phytozome
include one genome in the Cleomaceae (Cleome violacea)
and 18 genomes in the Brassicaceae: Cakile maritima,
Caulanthus amplexicaulis, Crambe hispanica, Descurania
(two species), Diptychocarpus strictus, Eruca vesicaria,
Euclidium syriacum, Iberis amara, Isatis tinctoria, Lepidium
sativum, Lunaria annua, Malcomia martima, Myagrum
perfoliatum, Rorippa islandica, Sinapis alba, Stanleya
pinnata, and Thlaspi arvense.
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(F) Subcommittee specific goals (if applicable)

* Progress was made toward agreeing on gene naming
conventions across the Brassica species, with planned
discussions among the Arabidopsis and Brassica
communities to coordinate various standards and
ontologies, as well as conventions for annotation, pan-
genomes, ancestral genomes, and other —omics efforts
within and across species in the Brassicales.

In conclusion, the results obtained over the past year
demonstrate that research in natural variation and
comparative genomes remains very active, efficient and
innovative (for example, we had many more than five
publications to choose from for our section). The impacts
on the future of the MASC, its objectives, activities,
organization and funding model will be discussed during
ICAR 2017 in St. Louis, Missouri.

Future Goals of the Subcommittee

(A) Build a predictive model of an Arabidopsis plant from
its molecular parts

Future goals include building predictive models with
insights from:

e Studying natural variation within Arabidopsis and
comparisons to other related species of plants.

* Developing systems biology and -omics resources
parallel to those available in Arabidopsis in crops like
Brassica and Camelina and phylogenetically related
model species that exhibit traits not present in Arabidopsis
(e.g., both C3 and C4 photosynthesis in Cleome,
woodiness in Caper).

(B) Exploit the wealth of natural variation that exists in
Arabidopsis to further our understanding of adaptation
and evolution

Future goals include:

e Exploring the variation in Arabidopsis and related
species at numerous levels of biological organization to
infer biological networks from various —omics datasets,
including genomic, epigenomic, proteomic, metabolomic,
ionomic, interactomic, and phenomic.

¢ Analyzing Arabidopsis ecotypes and related plant
species in association with their rhizosphere, endophyte
and epiphyte communities in various ecological and
agricultural settings.

e Integrating studies across species and environments
by analyzing and classifying natural diversity in the
Brassicaceae, dissecting the genomic basis of diversified
traits, and developing

the infrastructure to maximize common benefits from
genetic, genomic, ecological and systematics tools.

e Generating a multi-locus nuclear phylogeny of all the
genera and species of the Brassicales for comparative
biology, and to quickly identify transcriptome variation,
life history traits, and genome size for future candidates of
species for genome sequencing.

* Developing computational resources to understand
and utilize the natural variation of Arabidopsis and

related species. This will include interactions among the
all the MASC subcommittees with the 1001 Arabidopsis
Genomes project, Multinational Brassica Genome Project
(MBGP), and Brassicales Map Alignment Project (BMAP)
to consider natural variation and comparative -omics in
the roadmap. Ensure that the Arabidopsis Information
Portal (AIP) be built to work for Brassica and other plant
species.

e Creating germplasm resources that are publicly available
(e.g., Brassica diversity sets) and create a database for
managing diversity (e.g., Brassibase, see brassica.info)

(C) Establish an effective knowledge exchange pipeline
from the laboratory to the field and vice versa

Future goals include

e Pursuing systems biology research programs and
analyze —omics datasets in other plant systems using key
knowledge gained through the analysis of Arabidopsis,
starting with the crop Brassicas (vegetables and oilseeds),
biofuel crops (e.g., Camelina), and other economically
important species (e.g., horseradish, wasabi, etc.).

e Establishing data standards and ontologies to provide
uniform data on growth conditions and experimental
metadata to enable modeling from controlled
environments to the field.

¢ Developing high-throughput methods in the lab and
the field for measuring phenotypes and identifying QTLs
that have subtle effects. Develop appropriate open access
informatics and data infrastructure for storage, retrieval
and analysis of natural variation and QTL. Establish
accessible statistical and computational methods for the
analysis of natural variation and QTL data.

(D) Build the IAIC and develop efficient informatics tools
and repositories further

Future goals include:

e Integrating -omics data and informatics infrastructure in
Arabidopsis with other species.

* Developing international standards for population
genomics (Arabidopsis 1001 genomes, Brassica 100 ge-
nomes) and comparative genomics (BMAP 100 genomes)
to maintain high-quality reference genomes and re-se-
quenced genomes.

¢ Developing open access ontology-driven database tools
and promote the adoption of uniform vocabularies and
machine-readable formats for describing experimental
data and metadata. Subcommittee member Nicholas
Provart has developed an Arabidopsis-centric view of
BMAP data via a tool called GeneSlider at the Bio-Analytic
Resource (BAR). The current version of tool will include
predicted transcription factor binding sites with links to
Regulome (genome-wide DNAse | sensitivity data), see
Waese et al., 2016 and URL: https:/goo.gl/QhMDOh

Furthermore, the Provart Lab’s ePlant (Waese et al., 2017,
in revision) displays non-synonymous polymorphisms
from the 1001 Proteomes site (Joshi et al., 2012) on
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documented or predicted 3D structures covering ~70%
of the Arabidopsis proteome, in the context of functional
sites from the Conserved Domain Database or from Pfam,
in addition to allow the exploration of other Arabidopsis
data sets from the kilometer to nanometer scales. Pins
along the sequence in the Molecule View denoting non-
synonymous SNP changes are scaled in size and colour
according to their frequency of occurrence in the 1001
Proteomes data set. ePlant is also availabe as a “mega-
app” on Araport. See URL: https:/goo.gl/L9aMe9

(E) Deepen international cooperation and coordination

Future goals include:

e Undertaking a coordinated analysis of natural variation
and comparative -omics with the international Brassicales
Map Alignment Project (BMAP), Multinational Brassica
Genome Project (MBGP), International Arabidopsis
Informatics Consortium (IAIC), and Brassibase.

e Continuing BMAP workshops at international
conferences to coordinate efforts, share expertise, and
develop -omics standards and comparative ontologies.

(F) Subcommittee specific goals

Future goals include:

e Studying natural variation within Arabidopsis and
comparative ‘omic and systems biology investigations in
related species is central to understanding plant biology
and plant environment interactions.

e Coordinating gene naming conventions across the
Brassica species, with planned discussions among the
Arabidopsis and Brassica communities to coordinate
various standards and ontologies, as well an conventions
for annotation, pan-genomes, ancestral genomes, and
other —omics efforts within and across species in the
Brassicales.

Tools and Resources

Pan-genomes: population genomics meets comparative
genomics; network biology, systems biology, synthetic
biology, and so forth.

1- Important resources from Detlef Weigel are AraPheno
and AraGeno: https://arapheno.1001genomes.org/ and
https://arageno.gmi.oeaw.ac.at

2. Brassibase
http://brassibase.cos.uni-heidelberg.de/

BrassiBase is continously developed into a comprehensive
Brassicaceae-knowledge-database system. During
2016/2017 the first family-wide species check-list

has been created and launched with a new version of
BrassiBase in March 2017 now comprising 52 tribes

and nearly 4000 species. In total, more than 15,000
taxonomic entities (“names” of species, subspecies, etc.,
including synonyms) have been collected, checked and
cross-referenced. We are now in the process to use this
most actual and accurate species check-list as “backbone”
for BrassiBase and will link given information whenever
possible to this information.

Furthermore, morphological descriptions of characters

of any genus are now finalized and implemented into

an interactive key to the genera. The distribution of
morphological variation can now be visualzed using
viewer functions implmented in BrassiBase. We hope that
this will help to identify cultivated and/or collected wild
material more easily, particularly if used in combination
with the “Phylogenetic placement tool” implemented with
BassiBase, which has been also updated significantly.

We intend to release the third version of BrassiBase
during 2016 and we invite and encourage the Arabidopsis
community to register with BrassiBase (it's free) and help
improving the system - by reporting and contributing with
results and data and/or spotting problems and making
suggestions for future releases.

BrassiBase workshop will be held in Heidelberg in
October 2017. Detailed information is found on
www.ruhr-uni-bochum.de/dfg-spp1529.

Byrne SL, Erthmann PO, Agerbirk N, Bak S, Hauser TP,
Nagy |, Paina C, and Asp T. (2017). The genome sequence
of Barbarea vulgaris facilitates the study of ecological
biochemistry. Scientific Reports 7 art no 40728.

Jiao WB, Accinelli GG, Hartwig B, Kiefer C, Baker D,
Severing E, Willing E-M, Piednoel M, Woetzel S, Madrid-
Herrero E, Huettel B, Humann U, Reinhard R, Koch

MA, Swan D, Clavijo B, Coupland G, and Schneeberger
K. (2017). Improving and correcting the contiguity of
long-read genome assemblies of three plant species
using optical mapping and chromosome conformation
capture data. Genome Research (In Press) doi: 10.1101/
gr.213652.116

Schmutzer T, Samans B, Dyrska E, Ulpinnis C, Weise S,
Stengel D, Colmsee C, Lespinasse D, Micic Z, Abel S,
Duchscherer P, Breuer F, Abbadi A, Leckband G, Snowdon
R, and Scholz U. (2015) Scientific Data 2: arcticle number
150072.
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Phenomics

http://Arabidopsisresearch.org/index.php/
subcommittees/metabolomics

Fabio Fiorani (chair) with contribution
from subcommittee members and the wider Arabidopsis
community.

Conferences and Workshops
- 4th International Phenotyping Symposium. December
13-15, El Batan, Texcoco, Mexico

- 2nd Annual Conference of COST Action PhenomenALL,
April 18-20 Copenhagen, Denmark

- PhenoHarmonis Workshop 9-13 May 2016 -
Montpellier, France

- IPAP 2016, 2nd Integrated Plant and Algal Phenomics
Meeting, 3-7 September, Prague, Czech Republic

- Phenome 2017, Tucson, AZ, US, Feb 2017

Selected Publications

- Arend D, Lange M, Pape J-M, Weigelt-Fischer K, Arana-
Ceballos F, Miicke 1, Klukas C, Altmann T, Scholz U,
Junker A (2016a) Quantitative monitoring of Arabidopsis
growth and development using high-throughput

plant phenotyping. Scientific Data 3, 160055. dx.doi.
org/10.1038/sdata.2016.55

- Cwiek-Kupczynska H, Altmann T, Arend D, Arnaud

E, Chen D, Cornut G, Fiorani F, Frohmberg W, Junker

A, Klukas C, Lange M, Mazurek C, Nafissi A, Neveu P,
van Oeveren ], Pommier C, Poorter H, Rocca-Serra P,
Sansone S-A, Scholz U, van Schriek M, Seren U, Usadel
B, Weise S, Kersey P, Krajewski P (2016) Measures for
interoperability of phenotypic data: minimum information
requirements and formatting. Plant Methods 12(44):
dx.doi.org/10.1186/s13007-016-0144-4.

- Sénchez-Lépez AM, Bahaji A, De Diego N, Baslam M,
Li J, Munoz FJ, Almagro G, Garcia-Gémez P, Azmetoy

del Amo K, Ricarte-Bermejo A, Li ], Novak O, Humplik
JF, Spichal L, Dolezal K, Ciordia S, Mena MC, Navajas

R, Baroja-Fernandez E, Pozueta-Romero J. 2016.
Arabidopsis Responds to Alternaria alternata Volatiles by
Triggering Plastid Phosphoglucose Isomerase-Independent
Mechanisms. Plant Physiology 172: 1989-2001

Analysis and Recommendations

In 2016 there has been a continued development of
automated platforms and methods including new software
for non-invasive phenotyping of Arabidopsis and crop
phenotyping increasing the capacity and the number

of research centers that are engaged in large-scale
phenomics research. There were significant examples of

comprehensive pipeline approaches to link genome to
phenome and enable multi-trait analysis towards this goal.

Comprehensive efforts continued in 2016 within The
International Plant Phenotyping Network (IPPN), the EU
COST Action Phenotyping, and the implementation of
national phenotyping networks.

Future Goals of the Committee

Promote best practices in phenotyping experimentation.
Coordinated efforts will be required across phenotyping
centers regarding germplasm used for sequencing (e.g.,
1001 genome project) and mutant collections would be
desirable. Notable examples include to phenotype all
re-sequenced Arabidopsis accessions under a series of
defined challenging environments and phenotype the “no
phenotype” T-DNA knock-out mutants by subjecting the
collection of homozygous T-DNA k.o. mutants, or double
mutants hitherto without a discernable mutant phenotype
to deep phenotyping under a series of well-defined
challenging environments.

Continue the development of methods for phenotyping
across well-defined environmental conditions.

Tools and Resources

Updates contributed by Roland Pieruschka
(Forschungszentrum Jilich GmbH, IBG2 Plant Science),
Minami Matsui, David Gifford (RIKEN, Japan), Astrid
Junker and Thomas Altmann (IPK Gatersleben), Lukas
Spichal (Olomouc, Czech Republic),

IBG2, Forschungszentrum Jiilich, Germany

- The International Plant Phenotyping Network (IPPN e.
V.; http://www.plant-phenotyping.org/) is an academic
non-profit association located at the Institute of

Bio- and Geosciences, IBG-2: Plant Sciences at the
Forschungszentrum Jiilich represents the major plant
phenotyping centers worldwide. The association aims to
provide all relevant information about plant phenotyping.
The goal is to increase the visibility and impact of

plant phenotyping and enable cooperation by fostering
communication between stakeholders in academia,
industry, government, and the general public.

Specifically IPPN enables efforts to establish an interaction
platform to link the expertise of diverse groups from
platform scientists, diverse users groups, technology
developers, and policy makers by i) integrating the plant
phenotyping community in synergistic identification of
phenotyping concepts and technologies, ii) addressing
technology development and implementation, iii) enabling
exchange of knowledge, information, and expertise
between diverse stakeholders iv) integrating the regionally
and globally fragmented activities in plant phenotyping,

v) advising decision and policy makers on state-of-the art
and future opportunities and limits.
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The key instruments of IPPN is the organization of
International Plant Phenotyping Symposia as well as
addressing relevant topics in working groups. Additionally,
the association has started a discussion with the industry
to specify and foster the interaction between academia
and industry in plant phenotyping.

- The European Strategy Forum for Research Infrastructure
(ESFRI) has identified “Plant Phenotyping” as a priority for
the European research area and the project EMPHASIS
(http://emphasis.plant-phenotyping.eu/) has been listed on
the ESFRI Roadmap as an infrastructure project to develop
and implement a pan-European plant phenotyping
infrastructure.

The EMPHASIS project (European Infrastructure for Multi-
Scale Plant Phenotyping And Simulation for Food Security
in a Changing Climate) coordinated by the Institute

of Bio- and Geosciences, IBG-2: Plant Sciences at the
Forschungszentrum Juich has started a process that aims at
long-term operation of a pan-European plant phenotyping
infrastructure and specifically, to make it available and
accessible to a wide user community in Europe.

To reach this goal EMPHASIS has started the preparatory
phase with the final goal to elaborate a business plan
and a legal entity for future operation of the project.
Specifically, the preparatory phase of EMPHASIS will
establish a transparent, open and inclusive process that
will enable close interaction within the European plant
phenotyping community and develop a business plan
by addressing the four major steps: i) mapping of the
infrastructure, funders, access procedure and models,
stakeholder community, e-infrastructure, imaging
approaches, legal and governance scenarios etc.; ii)
analyzing the gaps and limitations based on the mapping
activities; iii) developing strategies to address the gaps;
iv) combining the strategies in a business plan for future
operation of EMPHASIS within a corresponding legal
framework.

RIKEN and University of Tokyo

- BioResource Center (BRC) Experimental Plant Division
(http://epd.brc.riken.jp/en/) Phenotype database of natural
accessions (http://bit.ly/2mrkm9m) Arabidopsis Seed,
DNA, Cell line (http://bit.ly/2mri7Tq)

- RIPPS (RIKEN Plant Phenotyping System) (K. Shinozaki,
Miki Fujita, Kaoru Urano, Takanari Tanabata) is an
automated system for evaluating plant growth under
environmental stress conditions developed by the Gene
Discovery Research Group of CSRS. RIPPS provides high-
throughput and accurate measurements of plant traits,
facilitating understanding of gene function in a wide
range of environmental conditions (http:/bit.ly/1sObBEE).
Ability to focus on water use efficiency, not just growth or
leaf shape. (Kuromori et al., 2016)

- RIKEN Arabidopsis Genome Encyclopedia Il (RARGE II)
is an integrated phenotype database of Arabidopsis mutant
traits using controlled vocabulary, with both RIKEN RAPID
and CSHL Trapper DB for Ac/Ds transposon tagged lines
in Arabidopsis. (Akiyama et al., 2014; Takashi Kuromori,
Tetsuya Sakurai, Kazuo Shinozaki)(http://rarge-v2.psc.
riken.jp/).

- The Chloroplast Function Database Il is a comprehensive
database analyzed by combining genotypic and
phenotypic multiparametic analysis of Arabidopsis
tagged-lines for nuclear-encoded chloroplast proteins.
The phenotype and segregation data of Arabidopsis
Ds/Spm and T-DNA-tagged mutants of nuclear genes
encoding chloroplast proteins includes more than 300
morphological mutants and 48 transmission electron
microscopic images of mutant plastid (Fumiyoshi Myouga
and Kazuo Shinozaki) (http://rarge-v2.psc.riken.jp/
chloroplast/).

- PosMed Positional Medline (Y. Makita, et al. RIKEN
Synthetic Genome Research Group) Semantic web
association study (SWAS) search engine ranks resources
including Arabidopsis genes and metabolites, using
associations between user-specified phenotypic keywords
and resources connected directly or inferentially via a
semantic web of biological databases such as MEDLINE,
OMIM, pathways, co-expressions, molecular interactions
and ontology terms (http:/bit.ly/2qEPFuywvv).

- For Genome to Phenome, location information of
T-DNA in the genome is available for RIKEN Arabidopsis
Activation Tagging lines (Minami Matsui collaboration
with NEC Soft co Itd.) (http://metadb.riken.jp/metadb/db/
SciNetS_ ria37i) and around 10,000 Full-length cDNA
information integrated in Arabidopsis FOX (Full-length
cDNA Over-eXpressing) lines is available (http://ricefox.
psc.riken.jp/).

- The RIKEN MetaDatabase portal site is used to provide
information on RIKEN's various life science databases. In
this database phenotype information of Activation tagging
lines, Ac/ Ds transposon lines and FOX lines are available
(http://metadb.riken.jp/).

- Phenome Analysis of Ds transposon-tagging line in
Arabidopsis (RAPID) selected about 4,000 transposon
insertion lines which have the Ds transposon in gene
coding region, and observed visible phenotypes
systematically depending on growth stage. Phenotypic
descriptions were classified into eight primary and fifty
secondary categories, then all recorded images can be
searched by the line number or the phenotype categories
(http://rarge-v2.psc.riken.jp/phenomey).

University of Tokyo
- A phenotype analysis program was developed at

the University of Tokyo to characterize the pattern of
epidermal cells and guard cells of Arabidopsis leaves
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and seedlings. Research is funded by JST Project (http://
bit.ly/220yHC6) for evaluation of morphological
measurement. CARTA (clustering-aided rapid training
agent) software was developed for auto learning system
(Dr. Kutsuna, N. and Hasezawa, S., University of Tokyo;
Higachi et al., 2015)

IPK Gaterlseben, Germany

- The whole-plant phenotyping infrastructure at the
Leibniz Institute of Plant Genetics and Crop Plant
Research (IPK Gatersleben, Germany) comprises three
conveyor belt-based, automated, high throughput plant-
to-sensor phenotyping facilities (Junker et al. 2015).

The system for small plants such as Arabidopsis is
situated inside a phytochamber and allows for growth
and automated imaging as well as weighing/watering

of up to 4608 plants in parallel under fully controlled
environmental conditions. Imaging in the RGB and near-
infrared wavelength ranges, imaging of static and kinetic
fluorescence in combination with 3D surface scanning
enables the quantification of a hundreds of plant features
ranging from plant architectural traits (plant height and
width, projected leaf area (top, side view), estimated
volume, Klukas et al. 2014), through physiological traits
(color-related traits, Klukas et al. 2014, CHL fluorescence-
related such as Fv/Fm, Fv//Fm’, PhiPSlI, relations to
moisture content by NIR), to 3D related traits (leaf angles,
3D corrected projected areas).

A wireless sensor network enables the monitoring of
environmental and soil conditions throughout the plant
growth area and single pots, respectively. Upgrades for
root phenotyping are under development which, will
enable simultaneous HTP assessment of shoot and root
properties. Experience cumulated since 2011 was used
to establish appropriate experimental procedures and
designs that support the detection of genotypic and
environmental effects on plant growth, development,
and performance (Junker et al. 2015). In a recent study
a polymorphism in the Arabidopsis FUM2 gene was
associated with plant growth / biomass accumulation as
quantified by high throughput plant phenotyping (Riewe
et al. 2016). In order to expand the options to assess the
expression of developmental and physiological traits
under controlled environmental variation, the automated
Arabidopsis phenotyping phytochamber has been
upgraded with a series of LED bars, which allow the the
precise simulation of fluctuation of light intensities in a
homogeneous manner during the course of the day.

Current and future efforts include the phenotypic
screening of Arabidopsis accession panels for responses
in growth and photosynthetic performance elicited by
light fluctuations, for natural variation in photosynthetic
efficiency and the identification of the underlying
genetic basis in respective mapping populations as well
as the analysis of hybrids and segregating populations
with respect to the genetic determination of growth,
metabolism control and heterosis.

A first Arabidopsis high throughput phenomics dataset
has been made available by Arend et al. (2016a) through
the PGP repository (Arend et al. 2016b) using the
underlying e!DAL data publication infrastructure (Arend
et al. 2014) and comprises a comprehensive standardized
metadata documentation compliant with the recently
proposed Minimal Information About a Plant Phenotyping
Experiment (MIAPPE, Cwiek-Kupczynska et al. 2016).
The existing image analysis platform (IAP, Klukas et al.
2014) is currently being extended for the integrated /
combinatorial analysis of the data (projected 2D images,
3D point clouds) derived from the various camera and
scanning installations of the multi-sensor setup in order to
retrieve novel information and to increase the precision
(spatial resolution) of phenotypic trait extraction and data
interpretation.

- IAP - Integrated Analysis Platform (http://iapg2p.
sourceforge.net/). The Integrated Analysis Platform (IAP)
has been designed and developed to support the analysis
of large-scale image data sets of different camera systems.
It aims at bridging various -omics domains and offers
integrated approaches for image analysis up to data post-
processing. (Klukas et al. 2014).

- MCCCS - Image-based Multi Channel Classification and
Clustering (http://mcccs.sourceforge.net/). The MCCCS
represents a generalized, script-based classification system
to be used for the processing of image data derived from

a variety of sensors (RGB to hyper/multispectral). The
implemented machine learning approaches enable solving
different segmentation, classification and clustering
problems. (Pape and Klukas et al. 2015a and b).

- PGP - Plant Genomics and Phenomics Research Data
Repository (http://edal.ipk-gatersleben.de/repos/pgp/).

- The e!DAL data publication pipeline as the basis of the
PGP repository provides an infrastructure to publish plant
research data, in particular cross-domain data sets and
phenomics datasets and respective metadata information
which are assigned with citable DOIs for access and

reuse by the scientific community. (Arend et al. 2014 and
2016a).

The Centre of Region Hana for Biotechnological and
Agricultural Research (Palacky University in Olomouc &
IEB ASCR & Crop Research Institute)

- Our department is equipped with two phenotyping
systems PlantScreenTM (PSI, Brno, Czech Republic)
dedicated to integrative phenotyping of shoots of various
plant species (Humplik et al. 2015). Phenotyping platform
allows measurement of plant growth, chlorophyll
fluorescence, leaf temperature and leaf reflectance in
fully controlled environment. Experiments performed

in the systems are mainly focused on the evaluation of
effectivity of synthetic growth regulators or potential
bio-stimulants (Bahaji et al. 2015), but the selection of
mutants or cultivars can be also provided on a request. We
are developing protocols for assessing impact of various
abiotic stresses in different plant developmental stages.
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One of our aims is selection of cold-tolerant cultivars

of field pea (Pisum sativum L.) for which the optimized
measuring protocol was developed (Humplik et al.
2015b). Another applied analysis deals with the problem
of salinity in the early development of crop species.
Recently we have developed crop seedling emergence
software that reveals ability of seeds to germinate and

of the seedlings to reach the light before the reserves

are exhausted. This high-throughput bioassay (60
variants, 6600 seeds; in one run) automatically provides
information about emergence rate as well as the total
number of emerged seedlings. Further standardized
protocols include in vitro screening of Arabidopsis growth
by RGB camera in 24-well or 6-well plates (up to 11

000 seedlings) or complex phenotyping of Micro-Tom
tomatoes and baby-lettuce grown in pots.
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Selected Publications
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Millar AH (2017) SUBAA4: the interactive data analysis
centre for Arabidopsis subcellular protein locations.
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Analysis and Recommendations

Progress Towards Goals of the Subcommittee
A) The subcommittee members maintain an array of
Arabidopsis specific proteomic repositories. These
resources currently contribute to information in the
Arabidopsis Information Portal (AIP).

B) The 1001 Proteomes portal provides pre-computed
nsSNP data from the sequenced accessions.

C) Members have ongoing interests in applying
proteomic approaches in Arabidopsis to important crop
species. A number of the on-line proteomic resources
also provide proteomic datasets for agricultural relevant
species.

D) Subcommittee members maintain extensive
resources in the area of protein function in Arabidopsis,
and it is expected that this information will be
coordinated with the IAIC.

E) Subcommittee members are involved with the initiative
on Multi-Organism Proteomes (iMOP) as part of the Human
Proteome Organization (HUPO) and are active members of
the International Plant Proteomics Organization (INPPO).
As well as many serving as members of their national plant
societies.

F) The subcommittee website has been re-launched .
http://www.masc-proteomics.org/

Future Goals of the Subcommittee
(A) Maintain and develop new resources for Arabidopsis
focusing on protein function and proteomics.

(B) Demonstrate applicability of 1001 proteome data to the
research community. Update the data for the recently released
accessions.

(C) Highlight projects that have demonstrated translational
proteomic approaches on the re-launched website.

(D) Start to construct proteomic Apps for the Arabidopsis
Information Portal, Araport.

(E) Ensure attendance and involvement in future INPPO and
HUPO activities.

(F) Maintain an active Arabidopsis proteomics subcommittee
(http://www.masc-proteomics.org/.

Tools and Resources

Pep2Pro - proteo-genomic resource (http://fgcz-pep2pro.uzh.
ch/) by Baerenfaller

ProMEX - mass spectral resource (http://promex.pph.univie.
ac.at/promex/) by Wienkoop and Weckwerth

GelMap - 2-DE proteomic repository (https://gelmap.de/
projects-Arabidopsis/) by Braun

APP - targeted proteomics (SRM) tool (http://www.plantenergy.
uwa.edu.au/APP/) by Taylor and Millar

SUBA - subcellular database (http://www.suba.bcs.uwa.edu.
au/) by Millar

PPDB - plant protein database (http:/ppdb.tc.cornell.edu/) by
van Wijk

AT_CHLORO - plastid proteomic resource (http://www.
grenoble.prabi.fr/at_chloro/) by Rolland and Ferro

AraPerox - peroxisome proteomic databse (http://www3.uis.
no/AraPeroxV1/) by Reumann

PhosPhAt - phosphoproteome database (http:/phosphat.uni-
hohenheim.de/) by Schulze

P3DB - plant phosphoproteome databse (http://p3db.org/) by
Thelen

RIPP-DB - phosphoproteome database (http://
phosphoproteome.psc.database.riken.jp/) by Nakagami
MASCP Gator - proteomics aggregation portal (http://gator.
masc-proteomics.org/) by MASCP

1001 Proteomes - non-synonomous SNPs from natural variants
(http://1001proteomes.masc-proteomics.org/) by Heazlewood
MRMaid - MRM design tool (http://elvis.misc.cranfield.ac.uk/
mrmaid/) by Jones

Reports from MASC Subcommittees

Systems and Synthetic
Biology

http://Arabidopsisresearch.org/index.php/
subcommittees/systems-biology

Siobhan Brady (chair), Malcolm Bennett o
(co-chair) with contributions from Susannah
Lydon, Leah Band, Gabriel Krouk, Pascal ‘
Falter-Braun, Rodrigo Gutierrez, Nicola 7
Patron and Geraint Parry

Conferences and Workshops
*Plant Organ Growth Symposium 2017, Elche (Spain)
March 15-17th 2017 http://pogs2017.edu.umh.es

* Plant CRISPR Workshop CRISPR/Cas-mediated Plant
Genome Editing: From Design to Analysis. lowa State.
May 10 & 11, 2016

*NSF-RCN Workshop - “Arabidopsis Research and Training
for the 21st century (ART-21)". Phoenix, Arizona, May 13-
16, 2016. This group developed recommendations on the
research and training approaches needed for Arabidopsis
plant biologists to work effectively at the intersection of
wet-lab and quantitative/computational biology for careers
both inside and outside academia

* Gordon Conference: Plant Molecular Biology - How
Plants Sense, Process, Integrate and Store Information,
Holderness School, Holderness, NH, June 12-17, 2016

*Systems Biology Session, International Conference on
Arabidopsis Research 2016, Gyeong Ju, Korea, July 1,
2016

*New Biological Insights from Large Scale Biology, ASPB
Annual Meeting, Austin Texas, July 11, 2016

*Plant session at Synthetic Biology: Engineering, Evolution
& Design (SEED), Chicago, IL. July 18-21, 2016

*Emerging Genomics Techniques and the Future of
Research using Arabidopsis Workshop, ICAR 2016,
Gyeong Ju, Korea, June 30, 2016

*Synthetic Biology Session and Introduction to CRISPR-
Cas Workshop at GARNet2016: Innovation in the Plant
Sciences. Cardiff University, UK. September 6th-7th 2016.

*Genomics-enabled Accelerated Crop Breeding. Banbury
Center, Cold Spring Harbor Laboratory, Cold Spring
Harbor, NY

October 16-19, 2016

*EMBO Conference: From Functional Genomics to
Systems Biology. Heidelberg, Germany. November 12-
15, 2016.

*First International Plant Biology Course - Session on
Systems Biology of Plant Nutrition, Nov. 25, Dec 5-6,
2016

*Synthetic Biology Workshop, Puerto Natales, Chile, 2016
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Analysis and Recommendations

Progress Towards Goals of the Subcommittee
(A) - Biological systems are inherently complex, with
multiple levels of regulation at wide ranges of spatial

and temporal scales. Experimental biologists can alter an
organism’s genotype and quantify the resulting phenotype.

However, understanding how a genotype creates a
phenotype requires knowledge of a complex network of
interactions bridging multiple spatial and temporal scales
and environmental inputs. Progress has recently been
made developing multiscale plant organ models that
integrate molecular scale regulatory pathways with cell
and tissue geometries and mechanics,
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The resulting predictive models provide powerful tools
with which to probe complex processes such as organ
patterning, growth and responses to environmental signals
(e.g. Clark et al, 2016; Fozard et al, 2016).

Nevertheless, understanding complex multiscale
biological systems is beyond the limits of current methods.
Not only are there numerous regulatory steps at multiple
spatial scales, but effects at each scale feedback on other
scales resulting in a huge interconnected network of
interactions. Examples of tools and applications to do

this in microbial systems as an example are provided in
Nunez et al., 2016, ACS Synthetic Biology. Mathematical
and computational models are essential to understand

the behaviour of such complex multiscale systems;
nevertheless, developing techniques and strategies to
model a virtual organism remains a major challenge.

OpenPlant established the “PhytoBrick” standard for Plant
Synthetic Biology, a common genetic syntax for exchange
of DNA parts for plants. OpenPlant is a joint initiative

for plant synthetic biology between the University of
Cambridge, John Innes Centre and the Earlham Institute,
funded by the BBSRC and EPSRC UK Research Councils.
Open Plant is developing new tools and methods for plant
synthetic biology; providing mechanisms for open sharing
of standardized resources, applying these tools to world-
leading projects in trait development, and facilitating
interdisciplinary exchange, outreach and international
development.

(B) Systematic mapping of the Arabidopsis protein
interaction network is continuing (Braun lab) and an
expanded map covering a 12k x 12k search space
(expected 12k interactions) as well as map of the
phytohormone signaling network is progressing - the data
will be disseminated through existing channels, including
the IntAct and BioGrid databases and TAIR. Data analysis
will include investigation how natural variation affects
protein interactions and should lead to insights on the
mechanisms of network evolution.?

(C) The lonomics Hub provides such a knowledge pipeline
— linking Arabidopsis with crops like rice and vica versa.
Training activities to facilitate knowledge exchange were
also discussed in the NSF-RCN workshop held in Phoenix
Arizona and which are summarized in a white paper to be
published for the community in 2017.

(D) No progress to report.

(E) The International Genetically Enginereed Machine
(iGEM) synthetic biology competition, established a Plant
Committee and introduced a special award for ‘Best
Advancement in Plant Synthetic Biology’. In 2016 5,600
participants from across 42 countries took part in iGEM.

Members of the subcommittee are in the process of raising
funds to organize the first International Plant Systems

Biology (iPSB) meeting. The iPSB organizing committee
includes S. Brady (USA), P. Falter-Braun (DE), G. Coruzzi

(US), R. Gutierrez (CH), G. Krouk (FR). Help to raise funds
is also kindly provided by the co-organizers M. Gifford
(UK) and R. Bastow (UK). The meeting is planned to be
held in France. The dates and location of the Tst iPSB will
depend on the success of diverse grant applications.

(A, E) Members of the subcommittee are organizing a
European Network Conference in Heidelberg from April
15-17, 2018. The focus of this conference will be on new
experimental and bioinformatic approaches to transfer
network-level information into mechanistic insights, which
then serve as a foundation for quantitative models in both
Plants and Animals. The organizing committee consists of
Pascal Falter-Braun (Helmholtz Miinchen), Sorina Popescu
(Michigan State U.), Sandra Orchard (IntAct - EBI) and Luis
Serrano (CRG - Barcelona).

(A,E) G. Krouk and the G. Coruzzi have been awarded a
International Associated Lab (LIA-CoopNet) supported by
the CNRS (FR). We expect a substantial leverage effect on
ongoing common grant application supporting systems
biology investigations.

Future Goals of the Subcommittee

A, B, C, D: The Institute of Network Biology together

with the German Plant Phenotyping Network (DPPN),

in particular the outpost at the Helmholtz Zentrum
Munich, it is planning to embark on a network-driven
deep-phenotyping of mutants for which the connectivity
in the Arabidopsis protein interaction network is known.
This is expected to deepen the understanding of how
different type of network components affect different plant
phenotypes and how connectivity relates to pleiotropy and
specific phenotypes respectively. The initial studies with
null alleles will serve as a baseline for future studies using
interaction-deficient (edgetic) alleles. Funding for this
project needs to be secured.

Tools and Resources

Fozard ] A, Bennett M J, King J R, Jensen O E (2016)
Hybrid vertex-midline modelling of elongated plant organs
Interface Focus doi: 10.1098/rsfs.2016.0043
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Arabidopsis Community Projects and

Resources

The Arabidopsis community has always been very open,
so today researchers and funding bodies can look back on
more than 20 years of strong international collaboration
and data sharing. The efforts of the Arabidopsis community
have always been guided by long term plans, which have
led to the establishment of many Arabidopsis community
projects and resources:

The Arabidopsis genome research project (1990-2001) led
to the completion of the Arabidopsis genome. During this
decade two out of three stock and resource centers ABRC
(Arabidopsis Biological Resource Center, US) and NASC

(Nottingham Arabidopsis Stock Center, UK) were founded.

The Multinational Coordinated Arabidopsis Functional
Genomics Project (2002-2011) led to the functional
annotation of most of the Arabidopsis genes. Alongside,
The Arabidopsis Information Resource (TAIR) was founded
in 2001 to meet the needs of the growing Arabidopsis
research community.

From Bench to Bountiful Harvests (2012-2021) aims

to obtain in-depth knowledge of how the genome is
translated into a continuum of processes, from the single
molecule to cells and tissues, the whole plant, plant
populations, and fields of plants, to be able to build a
predictive model of an Arabidopsis plant.

In order to provide a flexible platform to enable open
sharing of the vast amount of data generated by today’s
omics approaches, the International Arabidopsis
Informatics Consortium (IAIC) founded the Arabidopsis
Information Portal, Araport, in 2013 (page 29). Araport

is now beginning to interact with both other Arabidopsis
resources such as BAR (page 32) and those from other
organisms. This will begin to provide a one-stop analysis
pipeline for researchers who aim to move their work from
Arabidopsis into other model or crop species.

The directors of Arabidopsis community projects and
resources have been contributing to the MASC reports

for several years, by presenting their respective goals,
progress and news. Since 2014, general plant projects and
resources have also been included, reflecting the growing
connections between researchers focussing on different
plant species.

Resource and Stock Centers
Arabidopsis Biological Resource Center (ABRC)
(page 28)

Nottingham Arabidopsis Stock Center (UNASC)
(page 28)

RIKEN BioResource Center (BRC)
(page 29)

Arabidopsis Information Portal (Araport)
(page 29)

The Arabidopsis Information Resource (TAIR)
(page 30)

Plant Projects and Resources with Strong Participation of
the Arabidopsis Community

Bio-Analytic Resource for Plant Biology (BAR)
(page 32)

Gramene
(page 33)

Work undertaken by BrassiBase (https:/brassibase.cos.
uni-heidelberg.de/) and by the EMPHASIS phenotyping
program (https://emphasis.plant-phenotyping.eu/) have
been included in the Natural Variation (page 17) and
Phenomics (page 20) sub-committee reports respectively.

Besides the above listed projects and resources, there are
many other international and multinational initiatives with
maj