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About the National Science and Technology Council

The National Science and technology Council (NSTC), a cabinet-level council, is the principal means for
the President to coordinate science, space, and technology policies across the federal Government. The
NSTC acts as a “virtual” agency for science and technology to coordinate the diverse parts of the Federal
research and development enterprise.

An important objective of the NSTC us the establishment of clear national goals for Federal science and
technology investments in areas ranging from information technologies and health research, to improving
transportation systems and strengthening fundamental research. This council prepares research and
development strategies that are coordinated across Federal agencies to form an investment package that is
aimed at accomplishing multiple national goals.

To obtain additional information regarding the NSTC, contact the NSTC Executive Secretariat at (202)
456-6101.

Note: this document does not represent the ynal determination in an overall Administration budget decision-
making process. The programs presented in this report will have to compete for resources against many
other high priority Federal programs. If these programs compete successfully, they will be repected in
future Administration budgets.
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EXECUTIVE OFFICE OF THE PRESIDENT
NATIONAL SCIENCE AND TECHNOLOGY COUNCIL
WASHINGTON, D.C. 20502

January 6, 2009

Dear Colleague:

The enclosed report provides a five-year (2009-2013) plan for the National Plant Genome
Initiative (NPGI). Implementation of this plan will build on the significant advances made
during the first ten years of the NPGI under the first two plans. Through implementation of the
plan, the Initiative will continue to advance the frontiers of plant science and remain at the
forefront of plant research and its translation to agriculture in an increasingly international arena.

By bridging basic research to plant performance in the field, the NPGI will accelerate basic
discovery and innovation in economically important plants and enable enhanced management of
agriculture, natural resources, and the environment to meet societal needs. It is critical to
continue and even accelerate research efforts in plant genomics in order to address the challenges
brought about by the impacts of climate change and increasing needs for plants-based food, fuels
and materials. '

The NSTC Committee on Science’s Interagency Working Group on Plant Genomes received
input from many sectors of the scientific community in the development of this new plan,
including the National Academies of Science, industry, professional societies and
producer/grower organizations. I thank them for their contributions and look forward to the
continued success of the NPGL

Sincerely,

John H. Marburger, Il
Director, Office of Science and Technology Policy

Enclosure
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Executive Summary

Executive Summary

In 1998 the National Plant Genome Initiative (NPGI) was established as a coordinated
national research program by the Interagency Working Group (IWG) on Plant
Genomes with representatives from the U.S. Department of Agriculture (USDA), U.S.
Department of Energy (DOE), National Institutes of Health (NIH), National Science
Foundation (NSF), Ofyce of Science and Technology Policy (OSTP), and Ofyce of
Management and Budget (OMB). The current IWG also includes the U.S. Agency for
International Development (USAID). Since 1998, the yeld of plant genomics has been
revolutionized by the freely accessible tools and resources developed through the NPGI.
The NPGI has changed the way research is conducted in plant biology and beyond; it
has attracted a new generation of scientists to plant research; and it has contributed new
knowledge and ideas to science. Through the development of plant genomic and other
fA-omicso resources, the NPGI has built a foundation on which the scientiyc community
is advancing research, not just in plant genomics but across diverse disciplines spanning
the biological sciences.

This report describes the NPGI plan for the next yve years (2009 T 2013). The IWG
based this plan on a wide range of inputs from the broader community which are listed
in the Appendix.

NPGI Goal Statement

The goal of the NPGlI is to develop a basic knowledge of the structures and functions
of plant genomes and translate this knowledge to a comprehensive understanding of
all aspects of economically important plants and plant processes of potential economic
value. By bridging basic research and plant performance in the yeld, the NPGI will
accelerate basic discovery and innovation in economically important plants and enable
enhanced management of agriculture, natural resources, and the environment to meet
societal needs.

Guiding Principles for NPGI, 2009-2013
The NPGI will follow the same guiding principles used for the yrst ten years:
» The Initiative should be a long-term project governed by a periodically updated

plan based on scientiyc progress and with stakeholder input as a basis for setting
goals and priorities
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o All research resources, including data, software, germplasm, and other
biological materials and research tools should be openly accessible to all in a
timely manner

» The Federal portion of the Initiative should be coordinated by an interagency
working group

A All awards should be made based on scientiyc merit and rigorous, competitive
peer review

» Partnerships with the private sector and the international community are vital
for success

New Objectives for 2009-2013:

Obijectives for the next yve years of the NPGI will build on recent scientiyc and
technical discoveries to ensure continued advancement in plant genomics speciycally
and plant sciences in general. The major objectives are to:

» Expand genomic resources for every major plant of economic importance

» Advance plant systems biology

A Translate basic discovery to the yeld

» Develop coordinated solutions to data access, data analysis and data synthesis
» Enhance education, training and outreach

» Broaden societal impacts

To capitalize fully on the investments made to date, to enable further advances in plant
genome research and to address the impacts of global climate change, the agencies
participating in the NPGI will continue efforts in the context of overall Administration
and agency priorities and available resources. The funds will continue to be expended
on a competitive basis using rigorous peer review. As in the yrst ten years of the NPGI,
the IWG will monitor progress and report major accomplishments annually.




Introduction

l. Introduction

The Interagency Working Group (IWG) on Plant Genomes was appointed in May 1997
by the Executive Ofyce of the President in response to a request from the Senate VA,
HUD, and Independent Agencies Appropriations Subcommittee. The IWG consisted
of representatives from the U.S. Department of Agriculture (USDA), National Science
Foundation (NSF), National Institutes of Health (NIH), U.S. Department of Energy
(DOE), Ofyce of Science and Technology Policy (OSTP), and Ofyce of Management
and Budget (OMB). The IWG was charged with identifying science-based priorities
for a national plant genome initiative and to plan and coordinate plant genome research
activities for the Nation. The IWG, which now includes a representative from the U.S.
Agency for International Development (USAID), continues to play a key role in the
coordination of plant genome research across the federal government as well as with
industrial and international partners.

The IWG published the yrst National Plant Genome Initiative (NPGI) yve-year plan
in January 1998! and the second yve-year plan in January 20032. The second yve year
plan (National Plant Genome Initiative: 2003-2008) recommended the following plant
genome research objectives:

A Contribute to the international effort to ynish the rice genome sequence

A Complete sequencing of the gene-rich regions of the maize genome
Complete the Arabidopsis functional genomics project as a Rosetta Stone for all
plants

» Establish repositories for plant genome research resources

* Apply genomics tools to understanding traits of biological or economic
importance, including wood formation, fruit development, and nitrogen
metabolism

» Expand genomics approaches to biodiversity, ecology, and ecosystems studies
as well as development of renewable resources

» Develop informatics tools to access and use plant genome databases

The accomplishments over the past yve years have more than surpassed these objectives.
This acceleration of advances was made possible by investments in research resources
over the ten years of the NPGI, which in turn, enabled researchers to address major
unanswered questions in plant biology as well as translate basic research into advances
in the yeld. The development of next-generation sequencing machines through NIH
support and increased availability of computational capability to individual laboratories

1 http://www.ostp.gov/galleries/NSTC%20Reports/PlantGenomelnitiative1998.pdf
2 http://www.ostp.gov/pdf/npgi2003_2008.pdf
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are transforming the way that plant genomics research is conducted. This has broadened
the participation in plant genomics research across a wider range of institutions and
posed new challenges for data analysis and data management.

The success of the NPGI over its ten-year history has been due in part to the strict
adherence to the guiding principles set out in the yrst yve-year plan:

* The Initiative should be a long-term project governed by a periodically updated
plan based on scientiyc progress and with stakeholder input as a basis for setting
goals and priorities

o All research resources, including data, software, germplasm, and other
biological materials and research tools should be openly accessible to all in a
timely manner

» The Federal portion of the Initiative should be coordinated by an interagency
working group

A All awards should be made based on scientiyc merit and rigorous, competitive
peer review

» Partnerships with the private sector and the international community are vital
for success

In this report, the IWG documents signiycant NPGI achievements since 2003 and
articulates a new plan for the next yve years (2009-2013). The IWG solicited and
received input from many sources while developing this plan, including a report from
the National Academy of Sciences and a variety of stakeholder workshops involving
scientists, growers, producers, and the public. These inputs were used to identify
the scientiyc opportunities and challenges for the NPGI in the next yve years (see
Appendix). The new plan will be used by each of the participating agencies to establish
priorities and initiate new activities consistent with the mission of each agency and
with the overall goals of the NPGI.

“... quite simply, human life would be impossible without plants.You are likely reading
this document wearing plant-derived clothing (cotton, or wool from a sheep that ate
a plant before shearing), sitting in or on a plant-derived product (wood), and digesting
your last meal, made up largely of plants, or something that ate a plant as its last
meal before you ate it! And you probably got to work today using transportation that
runs on fossil fuel made from plants that lived a couple of hundred million years ago.
Without plants, we'd be in serious trouble.”

Preface to “Achievements of the National Plant Genome Initiative and New Horizons
in Plant Biology”, National Research Council, January 2008.




Major Accomplishments

[1. Major Accomplishments for 2003-2008

The accomplishments made possible through the activities of the NPGI over the past 10
years have been spectacular, having impacts across the public sector, in industry, and
internationally. The funding provided by NPGI is leading to increased participation
in plant genome research and generating high impact publications. In a recent survey
conducted by the National Research Council®, 165 investigators supported through the
NPGI cited 1,478 peer-reviewed publications included in the 2006 ISI Journal Citation
Impacts, 21% of which were in the most highly cited journals. In short, under the NPGI
U.S. researchers developed a greater understanding of the basic biology of plants. This
knowledge has yielded societal beneyts and allowed the U.S. to remain in the forefront
of innovation in a plant-based economy. Activities of the NPGI provided the foundation
for yield increases in corn, development of plant-based biofuels and new biomaterials,
and contributed to improved food security.

In the previous Five-Year Plan, the IWG set a number of ambitious scientiyc objectives,
which have been met or exceeded. Highlights of the scientiyc and societal impacts
include:

Discovery

A A detailed understanding of the sequence and structure of the Arabidopsis and
rice genomes, the encoded genes, and many of their functions.

o The completed rice genome sequence, released in December 2004, has
continued to be reyned and updated, with annotation of over half the 50,000
predicted genes and the surprising discovery of gene activity buried within
the spans of repetitive, non-coding DNA that typically comprises a native
centromere®.

o Investments in the internationally-coordinated Arabidopsis functional
genomics efforts identiyed a wealth of new gene and gene functions.
Outcomes from this work are being translated into a deeper understanding
of gene networks in crop plants as well as the development of new
varieties.

* A deeper understanding of the impacts of domestication on the genome
organization and gene content of major U.S. crops such as maize, cotton and
wheat. For example, domestication of maize involved changes in expression of
a small number of genes that impacted shoot branching and powering.

3 The National Academy of Sciences report entitled “Achievements of the National Plant Genome Initiative
and New Horizons in Plant Biologyo, January 29, 2008. (http://www.nap.edu/catalog.php?record_id=12054).
4 A centromere is a highly condensed region of a chromosome visible as a constriction. It serves as the

attachment point for the cellular machinery that separates sister chromosomes during cell division.
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SoyBase is the curated

portal to
genetic, and phenotypic
data for soybean. Its
sister database, The
Soybean Breeder’s
Toolbox,wasdeveloped
to provide breeders a
set of data search tools
and views optimized for
their specipc needs.

genomics,

Tool Development

Completion of the draft sequence of the maize genome in February 2008 is
already accelerating efforts in maize genetics, genomics and breeding to meet
society’s growing demands for food, feed, and biofuels.

Development of additional physical maps for wheat, soybean, peach, apple,
and common bean are fundamental to the development of DNA markers,
Quantitative Trait Locus (QTL) mapping, positional cloning of genes, as well
as functional and comparative genomics.

Completion of genome sequences for a diverse set of plant species accelerated
dramatically between 2003-2008, with the release of draft annotated genomes
of poplar, sorghum, soybean, Medicago, and two mosses (Physcomitrella and
Selaginella) joining the Arabidopsis and rice genomes. Signiycant technology
development and instrumentation were requisite to overcome each specieso
unique challenges with respect to genome structure, including the extent and
location of duplications, rearrangements, expansions, and gene density.

Development of computational tools to elucidate the relationships between
physical traits and genes in plants in a high-throughput and cost-effective way.

Databases for comparative cereal genomics (Gramene), comparative legume
genomics (Legume Information System), the Triticeae genomes such as wheat,
barley and rye (GrainGenes), and maize genomics (MaizeGDB) now provide a
one-stop shop for genomic data and resources for major crop plants. Inaddition,
specialized databases now provide a portal for plant expression data (PlexDB)
and comparative plant genomics (PlantGDB)>.

Translation

Advances in Marker-Assisted Selection tools, high-throughput genome
sequencing and genotyping as well as quantitative and population genetics have
led to enhanced uses of association mapping for improved plant production and
protection. For example, a simple sequence repeat (SSR) genetic marker was
identiyed that is 99.2% accurate in identifying soybean breeding lines that carry
resistance to Asian soybean rust at the Rppl resistance locus. Asian soybean
rust caused by Phakopsora pachyrhizi was yrst found in the continental United
States in 2004 and is a signiycant threat to production of soybean in the U.S.
This SSR marker will be useful for integrating Rppl resistance into modern
cultivars.

Coordinated Agricultural Projects (CAPSs) in rice, wheat, barley, and conifers

Links to individual databases are provided in the Appendix
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are linking laboratories and yeld research to provide breeders with new tools
to enhance and accelerate traditional crop and tree improvement activities. For
example, the Wheat CAP has empowered 20 U.S. public wheat breeders to
incorporate modern marker assisted selection techniques into their programs.
Marker-assisted selection has been conducted in partnership with the regional
small grains genotyping laboratories. These activities have already resulted in
the release of 50 improved germplasm and varieties, including new germplasm
with promising resistance to cereal rusts and improved end-product quality.
Incorporation of modern selection technologies is essential to maintain the
international competitiveness of U.S. wheat.

Innovation

New research partnerships have led to innovative approaches to addressing urgent
needs, including development of plant-based bioenergy applications and feedstocks
and new ways of analyzing data.

» Establishment of three DOE Bioenergy Research Centers, which are pursuing
basic research underlying a range of high-risk, high-return biological solutions
for bioenergy applications. New scientiyc knowledge generated by these centers
will help lay the foundation for biobased products, methods, and tools that the
emerging biofuel industry can use. Each center is a multidisciplinary partnership
with expertise spanning the physical and biological sciences, including
genomics, microbial and plant biology, analytical chemistry, bioinformatics,
and engineering.

» Initiation of a Plant Feedstock Genomics for Bioenergy Program, which has
supported a diverse portfolio of genomic research projects in poplar, sorghum,
maize (corn), switchgrass, alfalfa, wheat, perennial grasses, and model
bioenergy crops. The knowledge obtained from these projects will provide the
scientiyc foundation to facilitate and accelerate the use of woody plant tissue
for bioenergy and biofuels.

* The new iPlant Collaborative is a distributed, cyberinfrastructure-centered
project designed to bring together and enable the community to tackle
grand challenge questions across all of plant biology, including ecological,
evolutionary, organismal, molecular, cellular, and developmental areas. An
important component of the iPlant Collaborative’s activities is training in
computational thinking at all levels that is closely integrated with the research
activities.

Broader Impacts

* There has been a substantial investment in undergraduate, graduate, and




