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The drawing on the opposite page is by Francisco Vergara-Silva, a commercial artist who is al
graduate student with Professor Elena Alvarez-Buylla at the Universidad Nacional Autonoma de Me

and a visiting student in the laboratory of Dr. Elliot Meyerowitz at the California Institute of Technology. Dr.
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Meyerowitz and his coworkers, with partial support from the National Science Foundation, developed the

ABC model for flower development, based on analysis of genes first isolated in Arabidopsis. Mr. Verg

ara-

Silva’s research is focused on the molecular mechanisms of flower evolution. Inspired by the central role of

Arabidopsis as a model for understanding the biology and genetics of all plants, including the major

Crop

species, Mr. Vergara-Silva has created an artistic rendering of Arabidopsis floral anatomy. Arabidopsis has
not only served to enhance our understanding of and ability to engineer crop plants, it is also serving to

create a better understanding of the biological relationship between plants and animals, all expressed
design created by Mr. Vergara-Silva.
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Preface

The “Multinational Coordinatedrabidopsis thalian&Genome Research Project” was established in 1990 to pro-
mote international cooperation in basic and applied researchAnathidopsis a model plant species amenable to
experimental manipulation in the laboratory. The primary objective of this project has been to understand the molec
lar basis of plant growth and development and to address fundamental questions in plant physiology, biochemistry, ¢
biology, and pathology. Initial plans were outlined in a publication (NSF #90-80) drafted six years ago by an ad ho
committee of nine scientists from the United States, Europe, Japan, and Australia. In recent years, this project h
become a model for widespread participation and effective coordination of multinational research efforts in moder
biology.

Arabidopsis thalianga small plant in the mustard family, was chosen for this large-scale research effort because i
offers many advantages for detailed genetic and molecular studies. Among these features are its small size, short
cycle, small genome, ability to be transformed, availability of numerous mutations, and prolific seed production. By
concentrating research efforts on a single model organism, detailed information on specific genes and cellular pr
cesses can be readily obtained and rapidly applied to a wide range of plants relevant to agriculture, health, ener
manufacturing, and the environment.

Each year since 1990, the scientific steering committee féwti@dopsisGenome Project has prepared a progress
report summarizing recent advanceémbidopsigesearch. This is the sixth annual progress report published by the
steering committee in conjunction with the U.S. National Science Foundation. Two years ago the report was a cols
brochure designed to explain the value and significandgatfidopsisresearch to a wide audience. Last year the
report presented a detailed overview of recent advances in resear@nakbitfopsis along with technical information
for use by members of tigabidopsiscommunity.

This year the report is designed to present an updated vision statement for the future that extends beyond 1
current focus of individual research laboratories and genome centers. Specifically, this report is designed to stimule
further advances in the use Afabidopsisas a model system for the analysis of complex organisms. Multinational
cooperation and communication continue to be an important feature/Afabielopsisgenome project. A brief over-
view of Arabidopsisresearch efforts in a number of participating countries is therefore included in this report. Addi-
tional information can be obtained through recent publications, electronic news groups and databases, and biologi
resource centers devotedAmbidopsigesearch. As with any document that attempts to summarize the contributions
of many individuals, this report may fail to include or misrepresent some significant achievements. The steering comn
mittee hopes that members of da@bidopsiscommunity will overlook such shortcomings and will communicate any
concerns to committee members so that future reports will be as accurate as possible. We thank all members of
Arabidopsiscommunity for their many contributions to the success of the initial phase of the Multinational Coordi-
natedArabidopsis thalianaGenome Research Project.



summary of community standards for nomenclature,
mapping, and genetic analysis Amabidopsis which

are required to maintain consistency in the genome
project, is scheduled for publication in The Plant Jour-
nal (August, 1997) and will be distributed to partici-
pants at the Eighth International Conference on
ArabidopsisResearch, to be held in Madison, Wiscon-
sin in June 1997.

Continued funding of essential community re-
sources and collaborative projects was another highlight
of the previous year. Each of the participants in the
ArabidopsisGenome Initiative received significant
funding from national sources to support large-scale
seqguencing of thArabidopsiggenome. An interagency
(NSF/USDA/DOE) grant is providing $12.7 million over
3 years to support genomic sequencing efforts in the
United States. The European Union is providing $7.5
million over 2 years to support a consortium of sequenc-
ing laboratories in Europe; the Japanese Government is
providing $4.5 million per year to suppdtabidopsis
sequencing efforts at the Kazusa Institute; and additional
funding forArabidopsigesearch was included with the
establishment of a new sequencing center in France.
Continued funding was also announced for the
ArabidopsisBiological Resource Center (USA) and the
NottinghamArabidopsisStock Center (UK).

Practical Applications:

Considerable interest has been generated in recent
years over practical applications of basic research with
Arabidopsis The large number of companies using
Arabidopsign their research programs clearly illustrates
the anticipated benefits of working with a model plant
system. Examples of practical applications include the
discovery of hormone and signal receptors and trans-
duction pathways and their potential modification to
address agricultural and environmental problems; the
genetic dissection of disease resistance and stress re-
sponse pathways related to crop productivity; the iden-
tification of genes involved in determining plant archi-
tecture and progression through critical developmental
pathways; and the detailed analysis of biochemical path-
ways that may be modified to produce desired products
for manufacturing and human health. Particular atten-
tion has been paid in recent years to advances made
with Arabidopsis in modifying levels of
polyunsaturation in seed oils to benefit human nutri-
tion, producing biodegradable plastics such as
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polyhydroxybutyrate in crop plants, and reducing the
time required for trees to flower through introduction
of Arabidopsisgenes involved in regulating develop-
ment of the shoot meristem. These advances have been
covered widely in the press and have served to inform
the general public of pending advances in plant biotech-
nology. Studies on the genetic basis of variability in
Arabidopsishave begun to bridge the gap between the
molecular genetics of model organisms and the breed-
ing of important cropsArabidopsishas also been em-
ployed in the classroom to demonstrate classical prin-
ciples of genetics, ecology, and plant physiology to a
new generation of students.

Recommendations

A vision for the future of thérabidopsisGenome
Project has already been presented in the introductory
sections of this document. We present here additional
recommendations, arranged under the same headings
used in previous reports, for the widespread use of
Arabidopsisas a model system to address basic ques-
tions of biological complexity and organization.

Genome Analysis:

Rapid completion of the genome sequencing initia-
tive and widespread dissemination of the resulting data
in an appropriate format remain top priorities for the
Arabidopsiscommunity. There are no apparent techni-
cal barriers to completing this project within 5 years.
The question is primarily one of funding. Although we
recognize the need to support continued analysis of dif-
ferent organisms in order to provide an accurate vision
of biological diversity, there is no doubt that sequenc-
ing the entiréArabidopsisgenome will result in a dra-
matic and fundamental change in the nature of plant
research. Plant biologists have already begun to make
extensive use of data generated during the initial phase
of the ArabidopsisGenome Initiative. Completion of
this project will further demonstrate the value of con-
centrating limited resources on a single model system
and will significantly reduce the immediate need to com-
plete large-scale genome projects on related angiosperms
because many common genes will already be identi-
fied. There will also be an increasing number of cases
where genes identified lsrabidopsisprovide insights
into the origin and function of related genes present in
animal systems, including humans. Examples of this
trend have already begun to emerge from laboratories



studying a number of essential cellular functions in
Arabidopsis

Sequencing thArabidopsiggenome will provide a
unique opportunity to address fundamental questions
of genome organization and evolution. There should be
immediate practical applications to some of this work,
as in the rapid identification of large numbers of genes
with agricultural importance in relatdgrassicaspe-
cies. The completed database of 20,000 sequenced
Arabidopsisgenes should also greatly simplify efforts
to identify related genes in more divergent angiosperms
and to focus on those genes that are responsible for major
differences in cellular and developmental pathways char-
acteristic of distinct groups of flowering plants. Com-
parative studies with sequenced microbial and inverte-
brate genomes will also become possible and should
result in a more complete picture of the function and
evolution of eukaryotic organisms.

As the sequencing initiative approaches completion,
the emphasis of individual research programs will con-
tinue to shift from the elucidation of gene structure to
the analysis of gene function and localization of gene
products. Knockout mutations and reverse genetics will
likely play an important role in determining the bio-
logical significance of sequenced genes. Interpreting
phenotypes of these knockouts will require continued
progress in the traditional isolation and characteriza-
tion of many different types of mutations. Some of these
screens will need to approach saturation over the next 5
years to complement rapid advances in molecular
genomics. Emphasis must also continue to be placed on
following established guidelines for mutant analysis and
gene nomenclature in order to maintain accuracy in ex-
panding databases.

Continued dissection of individual metabolic, cel-
lular, physiological, and developmental pathways will
be required to place gene products identified through
the sequencing project within the context of a living
organism, a dramatic change made possible through
large-scale sequencing efforts genes. This will enable
plant biologists to establish a global view of cell orga-
nization, complexity, and response to perturbation that
should become a model for other organisms, in part be-
cause plants will be that responses to isolated signals,
mutations, and experimental treatments may soon be
monitored at the level of the entire genome and not sim-
ply in relation to a select number of markers because
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plants are particularly responsive to many signals that
impact all organisms. Further advances in cell and mo-
lecular biology should make it possible in the long term
to determine in great detail the location and function of
a wide range of signal molecules, metabolites, macro-
molecules, and specialized compounds within differen-
tiated plant cells and throughout the plant life cycle.

Technology Development:

One goal of théArabidopsisGenome Initiative is
to utilize, when appropriate, emerging technologies for
rapid analysis of genomic sequences. These advances
may reduce the time and cost required to complete the
genome project but should be weighed against the need
to maintain the quality of data being generated. Other
technologies that utilize microchips and related materi-
als to analyze genome organization and expression on a
large scale have the potential to make a dramatic im-
pact on research in plant biology and find numerous
applications imArabidopsisresearch. With these meth-
ods it should be possible to monitor the responses of
large numbers of genes to experimental and genetic
modifications. Development of improved methods for
creating large numbers of insertional mutants and knock-
outs of cloned genes will be needed to determine the
biological significance of sequences identified during
the course of this project. Methods that allow rapid and
sensitive detection of gene products in living cells will
become increasingly important as advances in molecu-
lar genetics and cell biology are combined to form an
integrated picture of plant structure and function. The
application ofArabidopsisresearch to problems in ag-
riculture, health, manufacturing, energy, and the envi-
ronment holds tremendous potential but may require the
establishment of improved methods for widespread pro-
duction and utilization of specialized chemical and bio-
logical reagents. Participation of private industry in tech-
nology development should be encouraged and will help
to demonstrate the long-term practical benefits of in-
tensive research dkrabidopsis Emphasis must never-
theless be placed on making certain that this participa-
tion does not interfere with the open and collaborative
spirit that characterizes tigabidopsiscommunity.

Biological Resource Centers:

Maintenance of resource centers that service the
community by providing biological materials ranging
from seed stocks to isolated clones and molecular mark-



ers remains a top priority for both research and teach-
ing institutions worldwide. The present arrangement of
complementary stock centers located in the United States
and Europe has served the community well and should
be maintained. The addition of modest service charges
at both centers represents a reasonable attempt to limit
operating costs and ensure long-term support from a
combination of sources. Completion of thabidopsis
Genome Initiative will create additional challenges with
respect to management and distribution of materials.
Effective communication between stock center manag-
ers, database curators, advisory committees, and the
scientific community will be required to maximize long-
term benefits of this genome project.

Informatics and Communication:

The present level of electronic integration and
transnational communication of information related to
Arabidopsisresearch far exceeds that outlined in the
original project. The electronf&rabidopsisnews group
established 10 years ago has become a model for scien-
tific communication and plays an important role in fos-
tering multinational cooperation and rapid exchange of
technical information. The rapid growth of internet re-
sources devoted tArabidopsisresearch has made it
possible to analyze complex data with minimal effort.
TheArabidopsis thalianalatabase (AtDB) has become
a central resource for accessing information related to
Arabidopsisresearch. Continued funding of this criti-
cal resource is needed to coordinate information man-
agement related to the genome project and related ef-
forts in hundreds of laboratories worldwide. Improved
methods for monitoring and updating information may
be required as the amount and complexity of technical
data continue to expand.

Meetings and Workshops:

The annualArabidopsismeeting will continue to
play an important role in highlighting recent advances
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in Arabidopsisresearch. The current arrangement of
alternating meeting sites between the United States and
Europe has served the community well and should be
continued. Other sites in Asia and North America may
need to be selected on an occasional basis to provide
opportunities for individuals from different regions to
attend at minimal cost. Combining this meeting with
others in related disciplines is also to be encouraged, as
for example the 1998rabidopsisConference in Madi-

son to be held in conjunction with the Annual Meeting
of the American Society of Plant Physiologists. Regional
courses and workshops such as those offered at Cold
Spring Harbor and many other sites worldwide should
continue because they serve a valuable training func-
tion for scientists entering thrabidopsidfield. Addi-
tional meetings and workshops that combine scientists
working on different model systems may be needed in
the future to stimulate more comparative studies on bio-
logical organization and complexity in model organisms.

Multinational Cooperation:

This genome project is indeed a multinational ef-
fort with over 35 countries participating Arabidopsis
research and several regions of the world involved in
sequencing the genome. Further evidence of the multi-
national nature of this research community is provided
in Appendix |, which is devoted to a summary of na-
tional and transnational projects. Rapid development of
internet resources devotedAcabidopsisresearch has
allowed even more extensive exchange of data and
strengthening of multinational collaborations. We en-
courage continued advances in the multinational nature
of this project so that it may continue to serve as a model
for other genome projects and facilitate the solution to
regional problems related to science and society.



Appendix |

National and Transnational Projects

Arabidopsigesearch continues to blossom through-
out the world. Recent stock center transactions included
requests from Argentina, Australia, Belgium, Brazil,
Canada, Chile, China, Colombia, Denmark, Finland,
France, Germany, Hong Kong, Hungary, Iceland, Israel,
Italy, Japan, Korea, Luxembourg, Malaysia, Mexico, the
Netherlands, New Zealand, Norway, Poland, Portugal,
Russia, Singapore, South Africa, Spain, Sweden, Tai-
wan, Turkey, Ukraine, the United Kingdom, and the
United States. International coordination is an impor-
tant component of thArabidopsisGenome Project.
Examples are given here of recent advances in regional
centers ofArabidopsisresearch.

AUSTRALIA

Research programs continue into fundamental as-
pects of plant biology, including flowering (morpho-
genesis and fertilization), cell biology (regulation of cell
shape, cellulose biosynthesis, cell division and photo-
synthesis) and interactions with environmental factors
(heavy metals, phosphate, UV light, and pathogens). A
program at the CSIRO Division of Plant Industry, funded
by the Department of Industry, Science and Technol-
ogy, has generated a 2 Mb YAC contig around MS1 on
chromosome 5 (Chapple et al., Aust. J. Plant Physiol.
23: 453-465, 1996). The Australian Government has
taken a novel approach to funding genome studies (see
Science 275, 25-26, 1997). An Australian Genome Re-
search Facility has been established for DNA sequenc-
ing, gene mapping, and mutation detection. Funding
($7.9 million USD) has been provided for robots and
automated DNA sequencing equipment. Salaries and
other costs will be met from user fees. DNA sequenc-
ing will be performed at the University of Queensland
in Brisbane. Mapping and mutation detection with novel
chemical methods will be performed at the Walter and
Eliza Hall Institute for Medical Research in Melbourne.
Major users of this facility will likely have medical and
agricultural interests. The Australian National Genomic
Information Service at the University of Sydney pro-
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vides rapid access to all sequence databases via a dedi-
cated WWW site.

Contact PersonDavid Smyth, Monash University
E-mail Addressdavid.smyth@sci.monash.edu.au

BELGIUM

This has been an important time for biotechnology
in Belgium and specifically in Flanders. Last year the
government decided to establish the “Flanders Interuni-
versity Institute for Biotechnology”. Core activities of
this institute are formed by four well-known research
groups. One of these is the Lab of Plant Genetics in
Ghent, directed by Marc Van Montagu. The Flemish
government also supports several other projects that aim
at further development éfrabidopsisas a model plant.

In addition, the Belgian government supports collabo-
rations among Belgian universities. For example, the
laboratory at Ghent interacts with those in Antwerp,
Brussels and Liége in a national program on plant growth
and development. This program includes the study of
leaf morphogenesis, flowering, cell division, and hor-
mone regulation. A very promising result of last year’s
program was the establishment of a protein database of
Arabidopsisusing two-dimensional electrophoresis and
partial amino acid sequence analysis. This is also the
topic of new European project for which the lab in Ghent
is the informatics coordinator (http://sphinx.rug.ac.
be:8080/).

Contact PersonMarc Van Montagu, University
of Ghent
E-mail Addressaruyt@gengenp.rug.ac.be

CANADA

Significant progress continues to be reported in se-
lected laboratories located throughout the country us-
ing Arabidopsisas a model system. Projects focus on a
wide range of topics such as seed maturation,
triacylglyceride biosynthesis, phosphate transport, her-
bicide resistance, flower development, plant pathogen-
esis, meiosis, and vegetative development. Several labo-



ratories and companies with interest8nassicaspe-
cies have also benefited from research witbidopsis

Contact PersonBertrand Lemieux, York
University
E-mail Addressfs300500@sol.yorku.ca

CHINA

Approximately ten laboratories in mainland China
are now working witlArabidopsidn fields that include
signal transduction pathways involving the plant hor-
mones abscisic acid (ABA) and indoleacetic acid (IAA),
floral development, vegetative development and the
analysis of multiple rosettes and abnormal leaf shapes,
biosynthetic pathways of tryptophan/IAA, and response
to stresses such as salt and cold treatment. Genetic ap-
proaches are being taken in most of these projects, which
are mainly supported by the National Natural Science
Foundation of China. Various mutants have been iso-
lated from mutagenized seeds generated with chemical
mutagens or transposon insertion and some have been
characterized and mapped. Mutants isolated from
transposon tagged lines may help to clone the genes in-
volved. Great effort is also being made to produce thou-
sands of lines with insertion of the Ds transposon.

Contact Personldiayang Li, Chinese Academy of
Sciences
E-mail Addressjyli@ss10.igtp.ac.cn

EUROPEAN UNION

A network of 18 EU sequencing labs recently com-
pleted the first stage of i&rabidopsisgenome effort
with a large-scale pilot project involving 2 Mb on chro-
mosome 4 and three small regions on chromosomes 1
and 3. A suite of computer programs was used to iden-
tify genes and characterize other features throughout
this genomic region. Approximately 360 genes were
identified based on sequence analysis within the 1.9 Mb
FCA contig. The density of one gene every 5 Kb is con-
sistent with current estimates of 20,000 total genes.
Detailed analysis of this genomic region has provided
the first glimpse of the structure and function of a plant
genome. Comparisons with twenty genes previously
sequenced within this region revealed some problems
with missed exons and inaccurate splice sites that need
to be addressed in future projects. The annotated FCA
sequence will be submitted to EMBL in June, 1997. A
protein structure database and graphical display of pre-
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dicted genes will also be available from the MIPS Web
site. The next stage of sequencing in the EU, aimed at
sequencing over 5 Mb of chromosome 4, should be com-
pleted within a year. Plans are being made for additional
sequencing efforts, contingent upon additional funding,
in conjunction with thérabidopsisGenome Initiative.
Progress continues in other collaborative projects, de-
scribed in previous reports, dealing with insertional
mutagenesis and the isolation of genes of agronomic
importance fromArabidopsis

Contact PersonMichael Bevan, John Innes
Centre
E-mail Addressbevan@bbsrc.ac.uk

FRANCE

Considerable progress was reported in large-scale
collaborative projects involving genome analysis and
insertional mutagenesis. The GREG program supported
advances in EST mapping and construction of YAC
contigs. The ESSA program generated 300 Kb of ge-
nomic sequence in the laboratories of M. Delseny
(Perpignan), M. Kreis (Orsay), and R. Mache
(Grenoble). Additional sequence will be contributed
over the next two years. A national sequencing Program
(TGS) headed by J. Weissenbach was initiated with a
goal of 20 Mb per year. Part of this effort will be de-
voted to thédrabidopsisGenome Initiative. Over 28,000
T-DNA lines have been generated at INRA (Versailles),
of which 11,000 have been distributed to the Nottingham
stock center. A coordinated effort (GDR) of CNRS and
INRA has been funded to exploit this T-DNA collec-
tion for mutant identification, function searches, and
reverse genetics. Several hundred mutants are currently
being studied with defects in different aspects of cell
biology, metabolism, development, and response to
pathogens. Advances in genome programs have led to a
dramatic increase in the number of projects utilizing
Arabidopsisas a model system. More than 50 such
projects currently are being headed by a senior scien-
tist.

Contact PersonMichel Caboche, INRA,
Versailles
E-mail Addresscaboche@versailles.inra.fr

GERMANY

Arabidopsisresearch is now well-established in
Germany, both at universities and national institutes for



plant research. The mid-term of the 6-year funded na-
tional Arabidopsigesearch program was celebrated with

a meeting that gathered about 60 participants, includ-
ing speakers from the internation&abidopsiscom-
munity, near Tubingen in September, 1996. Topics cov-
ered included genome research, gametophyte develop-
ment, embryogenesis, seed maturation, postembryonic
development, responses controlled by light and hor-
mones, cell biology, and nutrient transport. The program
has expanded in scope and considerable progress has
been made towards the molecular analysis of genes iden-
tified by mutation. Part of this success can be attributed
to the increasing exchange of information and techniques
between member laboratories. To further this exchange,
a satellite workshop was held for members of the re-
search program.

Contact PersonGerd Jurgens, University of
Tubingen

E-mail Addressgeju@fservl.mpib-
tuebingen.mpg.de

ITALY

Research wittArabidopsisin Italy has increased
rapidly over the past year to include at least 15 different
laboratories. Research topics include response to patho-
gens, protein kinases, HD-ZIP transcription factors, myb
and polyamine genes, photosynthesis mutants, cold
stress, nodulin genes, auxin and ethylene physiology,
root development, and tropisms in microgravitational
conditions (ESA space projects). Even though a national
program to supporfrabidopsisresearch has not yet
begun, financial support is coming from different
sources, e.g. the National Research Council, the Minis-
try of Agricultural Resources, and the European IV
Frame programs. Research groups are located both in
universities and in National Institutes (Consiglio
Nazionale delle Ricerche, ENEA, Istituto Nazionale
della Nutrizione). A group called ARABITALIA was
started at the 7th InternationatabidopsisMeeting in
Norwich in June 1996. This year’'s meeting is sched-
uled for the end of September at Macerata (Italy), in
conjunction with the 41st symposium of the Italian So-
ciety of Agricultural Genetics. At this time a booklet
will be distributed with information about Italian re-
search teams working ofsrabidopsis Additional
projects and collaborative efforts are expected to be ini-
tiated on this occasion.
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Contact PersonFernando Migliaccio, IBEV

Institute / Consiglio Nazionale delle Ricerche
Monterotondo (Rome)

E-mail Addressmiglia@nserv.icmat.mlib.cnr.it

JAPAN

Arabidopsisresearch is well-established in Japan.
Nearly 40 laboratories in universities, national institutes,
and private companies useabidopsisas a major ex-
perimental plant. During the last year, many laborato-
ries used transgenic plants to examine the expression of
isolated genes and search for tagged mutants. The sci-
entific activities ofArabidopsisresearchers in Japan
were reported at several regional workshops and sym-
posia: the annual meetings of the Botanical Society of
Japan, The Genetics Society of Japan, the Japanese
Society of Molecular Biology, and the Japanese Soci-
ety of Plant Physiologists. The 7th Workshop on
ArabidopsisStudies was held at Hokkaido University,
Sapporo, August, 1996. This meeting was organized by
Satoshi Naito, Kotoro Yamamoto, and Yoshibumi
Komeda, and included about 120 participants and 33
oral presentations. Talks covered mutant analysis, trans-
formation, transcriptional regulation, and gene cloning.
The JapanesArabidopsiscommunication network,
nazuna-net, organized in January 1995, includes ap-
proximately 335 members (April, 1997) and is being
widely used for information exchange (contact: Dr.
Takayuki Kohchi: kouchi@bs.aist-nara.ac.jp). A large-
scale genome sequencing project has been started at
Kazusa DNA Research Institute in coordination with
theArabidopsisgGenome Initiative (contact: Dr. Satoshi
Tabata: tabata@notl.kazusa.or.jp). The Sendai Seed
Stock Center (SASSC) has been operated since 1993
by Dr. Nobuharu Goto (n-goto@ipc.miyakyo-u.ac.jp).

Contact PersonKiyotaka Okada, Kyoto
University
E-mail Addresskiyo@ok-lab.bot.kyoto-u.ac.jp

NETHERLANDS

The number ofArabidopsisgroups in the Nether-
lands has stabilized and includes established investiga-
tors in Wageningen (de Vries, Koornneef, Pereira),
Utrecht (Smeekens, Scheres), and Leiden (Hooykaas).
Other groups are usirgrabidopsison a smaller scale.
Numerous collaborations involving the exchange of
scientific materials and expertise are continuing as out-



lined in previous reports. The annual ARANED meet-
ing takes place each winter and allows discussion of
various organizational and scientific issues.

Contact PersonMaarten Koornneef, Wageningen
Agricultural University

E-mail Address
maarten.koornneef@botgen.el.wau.nl

NEW ZEALAND

Research witt\rabidopsisn New Zealand is cen-
tered in the Auckland area at the university and at
Hort+Research. The Foundation for Research Science
and Technology (FRST) and the new Marsden Fund,
dedicated to supporting innovative fundamental re-
search, fund the work. Research projects are aimed at
characterizing genes that influence reproductive devel-
opmentArabidopsids also being used as the recipient
of several foreign genes. These experiments aim to test
the function of heterologous homeobox and MADS box
genes in development, or the ability of selected genes
to confer aluminium tolerance on plants. A T-DNA
tagged population has been generated for mutant screen-
ing, and a project is underway to establish viral vectors
for use inArabidopsis

Contact PersonJo Putterill, University of
Auckland
E-mail Address;j.putterill@auckland.ac.nz

REPUBLIC OF KOREA

Approximately 15 laboratories in Korea are cur-
rently involved inArabidopsisresearch. Subjects un-
der study include mutational and molecular analyses of
leaf senescence, biochemical and mutational analysis
of light signal transduction pathways, regulation of
wound-inducible genes, role of drought-induced pro-
tein kinases, protoplast culture, genes induced by heavy
metals, salts, and other environmental stimuli, anther
development, and gene expression in guard cells. In
addition, more than 20 laboratories are involveBiras-
sicaresearch in Korea and some of their efforts are re-
lated toArabidopsigesearch. These studies are funded
primarily by individual grants from various government
and private funding agencies.

Contact PersonHong Gil Nam, POSTECH
E-mail Addressnam@vision.postech.ac.kr
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SPAIN

The number of Spanish research laboratories adopt-
ing Arabidopsisas their experimental system keeps
growing in Spain. The national agency (CICYT) sup-
ports an increasing number of research projects dealing
with Arabidopsidn its Biotechnology Programme and
in the Programme for the Promotion of Basic Knowl-
edge. The European Union is another major source of
funding for the Spanish groups. The Biotechnology
Programme also funds the establishment of a Network
of laboratories working witirabidopsisand some of
their activities. One such activity has been the produc-
tion of 10,000 T-DNA transgenic lines that are currently
available to Spanish groups and will be soon deposited
in the InternationalrabidopsisResource Centres. In a
recent meeting of th@rabidopsisnetwork held last
January (1997) in Barcelona, networkers proposed new
joint activities such as the exploitation of these lines in
the search for T-DNA insertions in specific DNA se-
guences, the identification of natural variation in Span-
ish populations, and the generation of additional inser-
tion mutagenized populations. The meeting also served
to attract the interest of Spanish companies towards the
benefits derived fromrabidopsisresearch.

Contact PersonJose Martinez Zapater, CIT-INIA
(Madrid)
E-mail Addresszapater@inia.es

UNITED KINGDOM

The UK Arabidopsiscommunity benefited enor-
mously last year by hosting the 7th International Con-
ference orArabidopsisResearch in Norwich. During
this time many new collaborations were established
which helped consolidate and expand Almabidopsis
research base in the UK. A major funding program, Plant
Molecular Biology II, funded by the BBSRC (Biotech-
nology and Biological Sciences Research Council of
the UK) including 22 grants for work ofrabidopsis
comes to an end in June 1997. Grant holders organized
a final meeting in February to report progress and dis-
cuss possibilities for future funding in relation to the
current restructuring of the BBSRC. Many grant hold-
ers have secured funds from the European Commission
or other BBSRC initiatives to continue their research.
Currently, the BBSRC provides GBP 1.2 million plus
15 studentships for work oArabidopsis.The
NottinghamArabidopsisStock Centre (NASC) received



a further five years BBSRC funding from April 1997.
This together with funds raised from user fees will se-
cure the immediate future and enable NASC, in col-
laboration with ABRC, to meet the needs of the research
program. The NASC continues to expand its informa-
tion resources and now curates the Lister and Dean RI
map as well as offering a mapping service to the inter-
national community. The centre is well used, with the
most popular lines being the transgenic populations
which can be used for mutant analysis, targeted tagging
and reverse genetics. The John Innes Centre in Nor-
wich hosted an eleven day practical EMBO (European
Molecular Biology Organization) Courséirabidopsis

as an Experimental Organism” and the Genetical Soci-
ety of Great Britain will be hosting a prestigious one
day meeting in London in November 199&rabidopsis
thaliana big ideas from a small plant”.

Contact PersonCaroline Dean, John Innes
Centre
E-mail Addressarabidopsis@bbsrc.ac.uk

UNITED STATES

Arabidopsisresearch remains firmly established in
the United States, with active programs distributed
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throughout a wide range of academic, government, and
corporate laboratories. The diversity of this research
effort should be evident at the upcoming International
Conference oArabidopsiResearch to be held in Madi-
son in June, 1997. Federal grant support for research
with Arabidopsigemains strong with funding provided
by a number of different agencies. One significant ad-
vance was the establishment of iabidopsisGenome
Initiative and the awarding of $12.7 million from NSF/
DOE/USDA to support three respected sequencing cen-
ters within the United States to play a major role in com-
pleting the first sequence of a plant genome. Federal
funds continued to support a wide range of research
projects headed by individual investigators while at the
same time maintaining the essenfiahbidopsisBio-
logical Resource Center (ABRC) at Ohio State Univer-
sity and theArabidopsis thalianadatabase (AtDB) at
Stanford University. The North Americarabidopsis
Steering Committee continues to function in coordinat-
ing research efforts throughout the region, with Pam
Green (email: 22313pjg@msu.edu) and Rob Last
(rI3@cornell.edu) serving as co-chairs for the coming
year.

Contact PersonDavid Meinke
E-mail Addressmeinke@osuunx.ucc.okstate.edu



Appendix I

Memorandum of Understanding:
Multinational Effort to Sequence the
ArabidopsisGenome

On August 20-21, 1996, representatives of six re-
search groups committed to sequencingittadidopsis
genome met in Arlington, VA to discuss strategies for
facilitating international cooperation in completing the
genome project. All six groups have secured major fund-
ing to pursue large-scale genomic sequencing of
Arabidopsisand the EU and Japanese groups have been
engaged in large-scale sequencing for some time. The
primary objectives of this meeting were to establish
Arabidopsisas a model for international coordination
of sequencing efforts and to develop guidelines for rapid
and efficient completion of the sequencing project by
the year 2004. Representatives from Japan, France, the
EU, and the USA were present at the meeting. A com-
plete list of participants and observers is attached as
Appendix I.

A remarkable degree of consensus was reached by
the end of the meeting on the general strategy for the
Arabidopsissequencing project. All parties agreed to
follow several practices that were seen as facilitating
international cooperation. This document was drafted
to serve as a modus operandi for the participating groups
until such time as it is modified by mutual agreement of
representatives of the participating groups. All signato-
ries to this document have agreed to the following:

1. TheArabidopsisGenome Initiative (AGI) is in-
tended to be an inclusive international collaboration.
Any group that intends to engage in the sequencing of
hundreds of kilobases of contiguoAsabidopsisge-
nomic DNA will be invited to participate as a coequal
collaborator in the AGI and will be expected to follow
the guidelines outlined in this document.

2. A coordinating committee with representation
from each of the patrticipating groups was formed. This
committee will be responsible for making all decisions

For current e-mail and World Wide Web addresses, please
refer to Bevan, M., et al. 1997 Plant C&W76-478
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that affect the overall goals and operations of the AGI.
In particular, it is anticipated that the AGI coordinating
committee will be a planning and brokering system for
establishing efficient ways of completing the genome.
The committee will coordinate apportioning regions of
the genome to the various groups in such a way as to
minimize needless duplication of effort while maximiz-
ing progress toward complete sequencing of the genome.
The committee will also be responsible for keeping the
Arabidopsiscommunity informed of continuing ad-
vances in the sequencing project.

Members of the committee for 1996-97 are Mike
Bevan (Chair; EU consortium), Satoshi Tabata (Kazusa
DNA Research Institute), Joe Ecker (Stanford-Univer-
sity of Pennsylvania-Plant Gene Expression Consortium
{the SPP consortium}), Dick McCombie (Cold Spring
Harbor-Washington University-Applied Biosystems
Consortium {CSH-WU-ABI}), Steve Rounsley (The
Institute for Genomic Research {TIGR}), Francis
Quertier (French Genome Center) and David Meinke
(Multinational ArabidopsisSteering Committee). Each
member of the committee will be responsible for ar-
ranging a temporary or permanent replacement from the
represented group when appropriate. New members will
be invited to join the committee based on a homination
from one member of the committee and an affirmative
vote by a majority. It is anticipated that the committee
will maintain regular communication and will meet an-
nually. Mike Cherry (Curator of AtDB) will develop an
e-mail server to facilitate correspondence between mem-
bers of the committee.

3. The six research groups are expected to complete
different amounts of finished sequence because they
have different capabilities and levels of funding devoted
to this project. In order to prevent duplication of effort,
it was considered useful to have the various groups ini-
tiate sequencing in different well-defined regions of the
genome. It was agreed that each group should begin by
nucleating sites over a contiguous region of a size that
could be completed with the funding available. It was
recognized that it may not be possible to define such a
region with high accuracy because of variation in the
ratio of genetic distance to physical distance. The goal



in this respect should be to avoid situations where one
group obtains scattered regions of sequence that must
eventually be finished (i.e., linked up) by other groups.
Exceptions to this strategy are noted elsewhere in this
document.

The SPP group will begin nucleating on chromo-
some 1. The EU group will nucleate the bottom arm of
chromosome 4. The CSH-WU-ABI group will nucleate
a 4 Mb region on the top arm of chromosome 4 and a 2
Mb region on the top arm of chromosome 5 (the latter
in collaboration with the EU group and the Kazusa
group). The TIGR group will nucleate chromosome 2.
The Kazusa group will nucleate the lower part of chro-
mosome 5. The region at the top of chromosome 5 of
mutual interest to the EU, CSH-WU-ABI and Kazusa
group will be sequenced collaboratively. The Kazusa
group, which anticipates a monthly sequencing rate of
approximately 500 Kb, expects to begin nucleating a
region of chromosome 3 in 1997. The EU, TIGR, SPP
and CSH-WU-ABI groups anticipate an average
monthly rate of approximately 200, 220, 150 and 150
Kb per month, respectively. Thus, when all the groups
are operating at full capacity, the average monthly rate
for the entire AGI collaboration is expected to exceed
1.2 Mb per month. The philosophy of the AGI collabo-
ration is that as the assigned regions near completion,
the coordinating committee will designate new regions
of unfinished sequence to the groups in proportion to
their sequencing capabilities. For example, the French
Genome Center is tentatively interested in sequencing
BAC ends during the first year or two of operation but
after that time it is anticipated that they will engage in
sequencing a contiguous region of genomic DNA that
will be decided at a later date.

Several of the participants had differing views about
the relative merits of sequencing unigue sequences ver-
sus regions of repetitive sequence such as centromeres
and telomeres. On the one hand, it may be expected that
the maximum number of coding sequences will be found
by sequencing the regions of low copy number. On the
other hand, it will be interesting to know the structure
of the centromeric and telomeric regions. The majority
view appeared to be that it was not necessary at this
time to resolve this issue. However, the majority view
was that renewals of existing grants should take into
account the fact that some regions of sequence will be
more difficult to complete than others and large stretches
of contiguous sequence are more difficult to achieve
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small scattered regions. Sequencing efficiency should
be the sole criterion for choosing which clone to se-
guence. It was agreed by all parties that none of the
groups should perform service sequencing for outside
groups interested in particular clones. The reason for
this is that the sequencing groups should not be seen to
be favoring certain colleagues.

4. The most efficient strategy for sequencing the
Arabidopsiggenome is to shotgun sequence large clones
such as BACS, YACS or inserts from P1 clones. Most
of the groups have had preliminary experience with
BACS and YACS and preferred BACS. The fact that
most of the groups are currently satisfied with the avail-
able public BAC libraries will facilitate coordination
and exchange of information. In particular, in order to
minimize the requirement for additional physical map-
ping, it is desirable to obtain several hundred base pairs
from the ends of a large number of BAC clones so that
the minimum tiling path from a region of sequence to
an overlapping clone can be determined by database
analysis. The groups led by Craig Venter (TIGR) and
Francis Quertier (French Genome Center) agreed to
sequence the ends of approximately 14,000 BACS from
public BAC libraries during the next two years and to
make the information freely available to the commu-

nity.

All of the groups will use public BAC, YAC or P1
libraries constructed from the Columbia ecotype that
will be freely available to the world community. A suit-
able BAC library to begin with is the TAMU BAC li-
brary constructed by Choi et al (http://
probe.nalusda.gov: 8000/otherdocs/wwivol2/choi.html)
that is currently available at the Ohio Stock Center. The
other BAC library was constructed by Thomas Altmann
and collaborators (altmann@mpimp-golm.mpg.de) and
is also publicly available (http://ridb,rz-berlin.mpg.de).
A P1library (the ‘M library’) developed by Bob Whittier
and colleagues at Mitsui is also available at the Ohio
Stock Center and a second library (the ‘K library’) is
being tested at the Kazusa Institute.

5. The objective of the AGI is to obtain high accu-
racy sequence of the entire genome. There was general
agreement that it was not possible to set a standard for
exactly what high accuracy means or for mechanisms
to enforce high accuracy. However, it was generally
agreed that a minimal standard would be that > 97% of
all sequence would be obtained on both strands or by



two chemistries. It was the opinion of the group that
these criteria were of similar importance and that with
most clones, about seven-fold redundancy of sequenc-
ing would be required for shotgun sequencing.

An unknown factor affecting the accuracy of the
sequence concerns the fidelity of the BAC clones. Pre-
liminary experience suggests that the BACS are gener-
ally faithful clones of the genome. However, it will be
essential to verify the integrity of each BAC. A mini-
mum criterion is that both ends of the BAC should map
to the same region of the genome, typically to the same
YAC. When 14,000 BAC ends are sequenced, it is ex-
pected that, on average, we will have 500 bp of sequence
every 5 kb on average throughout the genome. The re-
sulting library of end-sequenced BACS will represent a
check on BAC integrity that will assist in revealing any
major rearrangements, deletions or additions. No stan-
dard was agreed upon for BAC (or P1) integrity check-
ing. However, most groups indicated that comparing
fingerprints of tiled BACS would be the most appropri-
ate criterion for integrity. After some discussion, it was
agreed that a large-scale effort toward single-pass shot-
gun sequencing of the entire genome would not be
worthwhile because the combination of available ESTs
and the high output rate of the AGI collaboration would
obviate much of the value of single-pass shotgun se-
guencing for gene discovery. However, it was also noted
that the existing BAC libraries may not provide com-
plete coverage of the genome and/or may contain small
rearrangements or mutations; a shotgun library of the
whole genome might provide clones to fill gaps and to
verify the integrity of the BAC clones. In addition, it
was pointed out that chromosome 3 will be sequenced
later than other regions of the genome. The group en-
dorsed a proposal by the SPP consortium to do a feasi-
bility study involving shotgun sequencing of clones from
chromosome 3. The value of this approach will be reas-
sessed by the coordinating committee as the project pro-
ceeds.

6. All of the participating laboratories are commit-
ted to early data release via the internet. One approach
discussed at the meeting involved daily release of pre-
liminary sequence information (i.e., sequences that have
been edited to remove vector and regions of high ambi-
guity and condensed into >1 kb contigd)e C. elegans
sequencing groups follow this approach and the com-
munity has found it very useful. Two of the U.S. groups,
the SPP consortium and the CSH-WU-ABI consortium
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intend to release data in this way. Both groups antici-
pate release of finished, annotated sequence within six
months of beginning to sequence a clone. The EU group
does not consider it feasible, at the moment, to do daily
releases because the consortium is composed of seven-
teen relatively small sequencing groups with varying
levels of technical capabilities. The EU anticipates re-
lease of finished annotated sequence within one month
of completion. The TIGR and Kazusa groups do not
wish to release unfinished sequence because they be-
lieve that carefully edited sequence will be most useful
to the community. Both groups promised release of infor-
mation on a given clone to public databases within three
to six months after sequencing began. The TIGR group
will release finished, annotated sequence within three
months of beginning to sequence a BAC. The Kazusa
group estimates that they will release finished, anno-
tated sequence within four to six months of beginning
to sequence a clone. In all cases, the start date for se-
guencing a specific clone will be announced on linked
WWW sites so that members of the community will
know when to expect the finished sequence.

In summary, all of the groups agreed to establish
linked WWW pages for posting complete lists of all
clones that have been sequenced to date, along with the
start dates of those clones that are still in progress, and
the anticipated start dates for the next set of clones to
be sequenced in the future. Each clone will therefore
have a start date that will be widely advertised to the
community. All of the groups anticipate that it will take
less than six months to completely sequence and anno-
tate a BAC, YAC or P1 clone and that they will deposit
the complete annotated sequences in a public database
(e.g., GenBank, EMBL, JDB). No sequence informa-
tion will be withheld from the community for the sole
purpose of benefiting selected individuals, groups, or
private companies.

7. There was consensus that the value of the se-
guence obtained is proportional to the quality of anno-
tation. Thus, each group will attempt to achieve a com-
mon standard of annotation. Each group will perform
BLAST (or FASTA) searches to align ESTs and known
genes and gene products to the genomic sequence. In
addition, each group will use programs such as GRAIL
and GeneFinder to identify ORFs. Annotation should
be presented to the community in a format that can be
readily accessed and understood by plant biologists
worldwide.



It was agreed that all unassigned ORFs would be
named according to the C. elegans system. A provisional
agreement was reached that the following rules of no-
menclature will apply: The first letter is the library name.
T=TAMU BAC, F=-IGF BAC, M=-Mitsui P1 clone,
K-Kazusa P1 clone, C=cosmid clone from Goodman
library. The first letter is followed by the microtiter plate
number, then the row and column numbers followed by
a dot and the number of the ORF (numbered sequen-
tially from one side of the clone to the other). Thus, a
typical ORF might be called t23a11.12 (i.e., a TAMU
BAC from plate 23, well al, the 12th ORF from one
end). It was agreed that zeros will not be included (i..e.,
t23al1l1.12 but not t23a11.012). It was also suggested
that the names be all lowercase for consistency. Some-
times it will happen that after all the ORFs have been
named, a new one will be found by some functional test
or other criteria. In this case the two ORFs will be named
with an extension to the name (e.g., t23al11.12.1 and
t23al11.12.2). When two ORFs are found to belong to
the same gene or an ORF is found not to be expressed,
the name will be deleted. When one ORF spans two or
more clones, the entire ORF will be given the name of
the 5' region of the ORF.

It was recognized that annotation of a clone at the
time of deposit in public databases will rapidly be ren-
dered obsolete because of information about genes be-
ing discovered by the community at large. Thus, there
will be an ongoing need for annotation of previously
sequenced clones. Because most of the groups are
funded to produce new sequence, it will be difficult for
the groups producing sequence to also take responsibil-
ity for revising the annotation of previously completed

sequence. There was broad agreement that the task of

annotation revision should be institutionalized by as-
signing responsibility for revision to the curators of the
Arabidopsisdatabase (AtDB). The group expressed its
strong enthusiasm and support for the continued fund-
ing of AtDB to make certain that essential informatics
components of thArabidopsis<Genome Project are not
overlooked. Mike Cherry agreed that it was a suitable
responsibility for AtDB and agreed to accept the task to
the extent that resources permit.
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8. Because the U.S. groups associated with the
ArabidopsisGenome Initiative will need to reapply for
funding within 2.5 years, there was concern about the
criteria that will be used to evaluate success. It was
agreed that each of the groups will be evaluated based
on their overall contribution to the AGI collaboration
and that the criteria will not simply be dollars per kb.

9. It is considered essential to keep the entire com-
munity well informed of technical advances and practi-
cal applications of the genome project. Each group will
mount a WWW page that will report the contribution
of the group to the multinational sequencing effort. Each
group will also work through Mike Cherry (AtDB) and
the coordinating committee to make certain that com-
munity members receive the training required to make
efficient use of the extensive sequence data that will be
generated over the next several years. In addition, the
coordinating committee will evaluate the feasibility of
appointing a part-time public relations specialist to pro-
duce user-friendly documentation about the progress of
theArabidopsisGenome Initiative. These efforts should
help to advertise the dramatic Impact that sequencing
the Arabidopsisgenome will have on basic and applied
research in plant biology.

Signed:

Mike Bevan, lan Bancroft (EU consortium)

Satoshi Tabata, Kiyotaka Okada (Kazusa DNA
Research Institute)

Joe Ecker, Sakis Theologis, Nancy Federspiel (SPP
consortium)

Dick McCombie, Rob Martlenssen, Rick Wilson,
Ellson Chen (CSH-WU-ABI)

Craig Venter, Steve Rounsley, Owen White, Chris
Somerville (TIGR)

Francis Quertier (French Genome Center)

David Meinke (MultinationaArabidopsisSteering
Committee),

September 14, 1996
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