Biological and Environmental Research

Funding Profile by Subprogram

(dollars in thousands)

FY 2003 FY 2004 FY 2004
Comparable Original FY 2004 Comparable FY 2005
Appropriation | Appropriation | Adjustments | Appropriation Request

Biological and Environmental

Research
Life Sciences......cccoeeeeeeeeenens 181,803 205,913 -1,222% 204,691 204,011
Climate Change Research... 122,182 142,959 -845% 142,114 142,959
Environmental
Remediation........cc.ccoeeeveeen. 101,375 108,930 -6222 108,308 105,522
Medical Applications and
Measurement Science ......... 89,000 134,198 +52,143% 186,341 44,098
Subtotal, Biological and
Environmental Research ............ 494,360 592,000 +49,454%° 641,454 496,590
Construction ......ceeeeeeevevvvnnnnn. 0 0 0 0 5,000
Subtotal, Biological and
Environmental Research ............ 494,360 592,000 +49,454%° 641,454 501,590
Use of Prior Year Balances .. 0 -1,930 0 -1,930 0

Total, Biological and
Environmental Research ... 494,360 590,070 +49,454% 639,524 501,590

Public Law Authorization:
Public Law 95-91, “Department of Energy Organization Act”

% Excludes $3,795,588 for a rescission in accordance with the Consolidated Appropriations Act, 2004, as

reported in conference report H. Rpt. 108-401, dated November 25, 2003, as follows: Life Sciences $-1,221,588;
Climate Change Research $-845,000; Environmental Remediation $-622,000; and Medical Applications and
Measurement Science $-1,107,000.

® Includes $53,250,000 provided by the Consolidated Appropriations Act, 2004.

¢ Excludes $12,139,000 which was transferred to the SBIR program and $728,000 which was transferred to
the STTR program.

4 Excludes $3,424,284 for a rescission in accordance with the Consolidated Appropriation Resolution,
FY 2003.

¢ Includes $3,585,770 for the Emergency Wartime Supplemental Appropriations for FY 2003.
"Excludes $19,748,000 transferred for Department of Homeland Security activities in FY 2003.
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Mission

For over 50 years the Biological and Environmental Research (BER) program has been advancing
environmental and biomedical knowledge that promotes national security through improved energy
production, development, and use; international scientific leadership that underpins our Nation’s
technological advances; and research that improves the quality of life for all Americans. BER supports
these vital national missions through competitive and peer-reviewed research at national laboratories,
universities, and private institutions. In addition, BER develops and delivers the knowledge needed to
support the President’s National Energy Plan.

Benefits

BER supports DOE’s mission of world-class scientific research capacity by providing world-class, peer-
reviewed scientific results in biology and environmental science. Basic biological and environmental
research has broad impacts on our health, our environment, and our energy future. An ability to predict
long-range and regional climate enables effective planning for future needs in energy, agriculture, and
land and water use. Biotechnology solutions are possible for DOE energy, environmental, and national
security challenges by understanding complex biological systems and developing computational tools to
model and predict their behavior. Understanding the global carbon cycle and the associated role and
capabilities of microbes and plants can lead to solutions for reducing carbon dioxide concentrations in
the atmosphere. Biological solutions can be developed to help clean up metals and radionuclides
contaminating former DOE weapons sites. Both normal and abnormal health—from normal human
development to cancer to brain function—can be understood using radiotracers and advanced imaging
instruments. Understanding the biological effects of low doses of radiation can lead to the development
of science-based health risk policy to better protect workers and citizens.

Strategic and Program Goals

The Department’s Strategic Plan identifies four strategic goals (one each for defense, energy, science,
and environmental aspects) of the mission plus seven general goals that tie to the strategic goals. The
BER program supports the following goal:

Science Strategic Goal

General Goal 5, World-Class Scientific Research Capacity: Provide world-class scientific research
capacity needed to ensure the success of Department missions in national and energy security, to
advance the frontiers of knowledge in physical sciences and areas of biological, medical, environmental,
and computational sciences, and to provide world-class research facilities for the Nation’s science
enterprise.

The BER program has one program goal which contributes to General Goal 5 in the “goal cascade.”

Program Goal 05.21.00.00: Harness the Power of Our Living World — Provide the biological and
environmental discoveries necessary to clean and protect our environment, offer new energy
alternatives, and fundamentally alter the future of medical care and human health.

Contribution to Program Goal 05.21.00.00 (Har ness the Power of Our Living World)

Within the Biological and Environmental Research (BER) program, the Life Sciences, Climate Change
Research, Environmental Remediation, and Medical Applications and Measurement Science
subprograms contribute to Program Goal 05.21.00.00 by advancing fundamental research in climate
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change, environmental remediation, genomics, proteomics, radiation biology, and medical applications.
BER supports leading research programs that provide world-class, peer-reviewed research results.
Discoveries at these frontiers in science will bring revolutionary and unconventional solutions to some
of our most pressing and expensive challenges in energy and the environment. We will understand how
living organisms interact with and respond to their environments to be able to use biology to produce
clean energy, remove excess carbon dioxide from the atmosphere, and help clean up the environment.

Our understanding of global climate change and our ability to predict climate over decades to centuries
will enable us to develop science-based solutions to reduce and minimize the impacts of climate change
and to better plan for our Nation’s future energy needs. Understanding the biological effects of low
doses of radiation will lead to the development of science-based health risk policy to better protect
workers and citizens. BER will lead the way in discovering innovative approaches along unconventional
paths to energy independence and environmental cleanup.

Building on this work, BER develops novel radiopharmaceuticals to image defective genes that cause
disease. In addition, research advances the development of a broad range of intelligent biomimetic
electronics that can both sense and correctly stimulate the nervous system, e.g., an artificial retina that
will enable the blind to read large print and devices that restore neurosensory and motor function to the
paralyzed (spinal cord recovery, hearing, bladder control, etc.). This effort builds on leading research
programs that provide world-class, peer-reviewed research results. The research capitalizes on the
National Laboratories’ unique resources and expertise in biological, chemical, physical, and
computational sciences for technological advances related to human health. The National Laboratories
have highly sophisticated instrumentation (neutron and light sources, mass spectroscopy, and high field
magnets), lasers and supercomputers that directly impact research on human health. This research is
highly complementary to and coordinated with clinical research at the National Institutes of Health
(NIH) and to basic research in the NIH intramural and extramural programs.

In addition, BER plans, constructs, and operates reliable, world-class scientific facilities to serve
thousands of researchers at universities, national laboratories, and private institutions from all over the
world. Activities include structural biology research beam lines at the synchrotron light sources and
neutron sources; the operation of the William R. Wiley Environmental Molecular Sciences Laboratory
(EMSL) (including the Molecular Sciences Computing Facility) where research activities underpin long-
term environmental remediation and other DOE missions in energy and national security; the Production
Genomics Facility and the Laboratory for Comparative and Functional Genomics (“Mouse House™); and
the climate change research facilities — the Atmospheric Radiation Measurement (ARM) and the Free-
Air Carbon Dioxide Enrichment (FACE) facilities.

The following indicators establish specific long term goals in Scientific Advancement that the BER
program is committed to, and progress can be measured against.

= Life Sciences: Characterize the multi protein complexes (or the lack thereof) involving a
scientifically significant fraction of a microbe’s proteins. Develop computational models to direct
the use and design of microbial communities to clean up waste, sequester carbon, or produce
hydrogen.

= Climate Change Research: Deliver improved climate data & models for policy makers to
determine safe levels of greenhouse gases for the Earth system. By 2013, substantially reduce
differences between observed temperature and model simulations at subcontinental scales using
several decades of recent data.
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= Environmental Remediation: Develop science-based solutions for cleanup and long-term
monitoring of DOE contaminated sites. By 2013, a significant fraction of DOE’s long-term
stewardship sites will employ advanced biology-based clean up solutions and science-based
monitors.

= Medical Applicationsand M easurement Science: Develop intelligent biomimetic electronics that
can both sense and correctly stimulate the nervous system and new radiopharmaceuticals for disease
diagnosis.

= Facilities: Manage facilities operations to the highest standards of overall performance using merit
evaluation with independent peer review.
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Annual Performance Results and Tar gets

FY 2000 Results

FY 2001 Results

FY 2002 Results

FY 2003 Results

FY 2004 Targets

FY 2005 Targets

Program Goal 05.21.00.00 (World-Class Scientific Research Capacity)

Life Sciences

Increase the rate of DNA
sequencing: Sequence the
genome of 1microbe. [Met
Goal]

Climate Change Research

Improve climate models:
Demonstrated that a coupled
climate model consisting of
combined atmospheric and
ocean general circulation
models more accurately
simulates the present climate
compared to that simulated
by uncoupled atmospheric
general circulation models
alone. [Met Goal]

Increase the rate of DNA
sequencing: Produce at least
5.8 billion base pairs of high
guality DNA microbial and
model organism genome
sequence. [Met Goal]

Improve climate models:
Documented consistency
between observed
temperature changes in the
atmosphere and ocean and
model simulated temperature
changes using the Parallel
Climate Model designed to
run on the massively parallel
computers at DOE
laboratories. [Met Goal]

Science/Biological and Environmental Research

Increase the rate of DNA
sequencing; Produce at least
12.7 billion base pairs of high
quality DNA microbial and
model organism genome
sequence. [Met Goal]

Improve climate models:
Released a new coupled
climate model with a
horizontal resolution of 2.8
degrees (longitude and
latitude) in the atmosphere
and 0.7 degrees in the ocean
and sea ice components,
compared to the previous
version with a resolution of
2.8 degrees in the
atmosphere and 2.0 degrees
in the ocean. Executed an
800-year equilibrium climate
simulation with the new
model. [Met Goal]

Increase the rate of DNA
sequencing: Produce at least
14 billion base pairs of high
guality DNA microbial and
model organism genome
sequence. [Met Goal]

Improve climate models:
Constructed a climate model
for the next round of IPCC
Working Group 1
Assessment simulations.
This model increased the
realism of the coupled
atmosphere-ocean-land
surface-sea ice system
through improvements in the
physical parameterizations,
particularly the cloud sub
models. The standard model
increased the horizontal
resolution to 1.4 degrees in
the atmosphere and
maintained the 0.7 degree
resolution in the ocean and
sea ice components. More
objective and systematic
methods to test (evaluate)
the performance of both the
model components (i.e.,
atmosphere, ocean, land
surface, and sea ice sub
models) as well as the fully
coupled model were applied.
[Met Goal]

Increase the rate of DNA
sequencing: Produce at least
20 billion base pairs of high
quality DNA microbial and
model organism genome
sequence.

Improve climate models:
Implement a model test bed
system to incorporate climate
data rapidly into climate
models to allow testing of the
performance of sub models
(e.g. cloud resolving module)
and model parameters by
comparing model simulations
with real world data from the
ARM sites and satellites.

Increase the rate of DNA
sequencing: Produce at least
20 billion base pairs of high
quality DNA microbial and
model organism genome
sequence.

Improve climate models:
Develop a coupled climate
model with an interactive
carbon cycle, a sub model of
secondary sulfur aerosols,
and an interactive terrestrial
biosphere. This capability will
enable studies of the
interactions between the
carbon cycle and climate and
between secondary sulfur
aerosols and climate. It will
also provide a tool to quantify
potentially important
feedbacks between the
climate system and the
terrestrial biosphere.
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FY 2000 Results

FY 2001 Results

FY 2002 Results

FY 2003 Results

FY 2004 Targets

FY 2005 Targets

Environmental Remediation

Determine scalability of
laboratory results in field
environments: Demonstrated
that common bacteria can
reduce and immobilize
contaminants such as
uranium, technetium, and
chromium in subsurface
environments. [Met Goal]

Determine scalability of
laboratory results in field
environments: Demonstrated
that uranium concentrations
in groundwater can be
significantly decreased using
bioremediation at the Field
Research Center at ORNL.
[Met Goal]

Medical Applications and Measurement Science

Advance blind patient sight:
Developed technology for
application of a novel
hermetic seal to protect
artificial retina device when
inserted into the eye of a
human patient. [Met Goal]

Advance blind patient sight:
Developed an in vitro testing
system to test all prototype
artificial retina devices for
safety before inserting device
into a human eye. [Met Goal]

All BER Facilities (Efficiency Measure)

Maintain and operate BER
facilities such that achieved
operation time is on average
greater than 90% of the total
scheduled annual operation
time. [Met Goal]

Maintain and operate BER
facilities such that achieved
operation time is on average
greater than 90% of the total
scheduled annual operation
time. [Met Goal]

Science/Biological and Environmental Research

Determine scalability of
laboratory results in field
environments: Using
genomic sequencing data of
key bioremediation microbes,
such as Geobacter,
Deinococcus, and
Shewanella, determined that
common soil microbes
produce organic compounds
that interact with
radionuclides, such as
plutonium, providing the
molecular understanding for
the detection and
transformation of
radionuclides in subsurface
environments. [Met Goal]

Advance blind patient sight:
Developed technology to
micromachine new flexible
biocompatible material to be
used as a platform for multi-
electrode array artificial
retina. [Met Goal]

Maintain and operate BER
facilities such that achieved
operation time is on average
greater than 90% of the total
scheduled annual operation
time. [Met Goal]

Determine scalability of
laboratory results in field
environments: Identified
naturally occurring microbial
populations responsible for
transformation of metals and
radionuclides at DOE
contaminated sites. [Met
Goal]

Advance blind patient sight:
Developed and tested
materials for platform and
sealants for a prototype
artificial retina- a
microelectronic array to be
used for the treatment of
blindness. [Met Goal]

Maintain and operate BER
facilities such that achieved
operation time is on average
greater than 90% of the total
scheduled annual operation
time. [Met Goal]

Perform combined
field/laboratory/modeling to
determine how to interpret
data at widely differing
scales: Quantify contaminant
immobilization and
remobilization by different
factors: 1. natural microbial
mechanisms; 2. chemical
reactions with minerals, and
3. colloid formation.

Advance blind patient sight:
Complete fabrication of 60
microelectrode array for use
as an artificial retina and
tested in animal subject.

Maintain and operate BER
facilities such that achieved
operation time is on average
greater than 90% of the total
scheduled annual operation
time.

Determine scalability of
laboratory results in field
environments — Determine
actual in-situ rate of metal
reduction in subsurface
environments and begin to
develop a numerical model to
describe and predict these
rates.

Advance blind patient sight:
Complete testing on a 60
microelectrode array artificial
retina and insert prototype
device into a blind patient.

Maintain and operate BER
facilities such that achieved
operation time is on average
greater than 90% of the total
scheduled annual operation
time.
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Means and Strategies

The BER program will use various means and strategies to achieve its program goals. However, various
external factors may impact the ability to achieve these goals.

The BER program supports fundamental, innovative, peer-reviewed research to create new knowledge
in areas important to the BER mission, i.e., Life Sciences, Climate Change Research, Environmental
Remediation, and Medical Applications and Measurement Science. The BER program will continue its
investments in core fundamental science and technologies needed to address the interfaces between
scientific disciplines such as biology, physics, chemistry, engineering, and information science. Of
highest priority will be the development of a new research infrastructure needed to understand
fundamental biological principles underlying the function and control of biological systems. A
combination of novel, state-of-the-science user facilities coupled with large, well-integrated,
interdisciplinary research teams will form the basis of a new approach for studying complex biological
systems and for using those systems to solve critical problems in energy and environmental cleanup. Our
ability to predict climate on global and regional scales and to develop strategies for the removal of
excess carbon dioxide, believed to adversely impact global climate, from the atmosphere will depend on
the continued development of novel research tools and a close integration of experimental and
computational research. BER also plays a key role in constructing and operating a wide array of
biological and environmental user facilities for the Nation's researchers. BER Medical Applications and
Measurement Science research capitalizes on the National Laboratories’ unique resources and expertise
in biological, chemical, physical, and computational sciences for technological advances related to
human health. The National Laboratories have highly sophisticated instrumentation that directly impact
research on human health. Research is directed to fundamental studies in biological and medical
imaging (including construction of the artificial retina), biological and chemical sensors, laser medicine,
and informatics.

All BER-supported research projects undergo regular peer review and merit evaluation based on
procedures set down in 10 CFR 605 for the extramural grant program, and under a similar process for
the laboratory programs and scientific user facilities. All new projects are selected through peer review
and merit evaluation.

External factors that affect the programs and performance include: (1) mission needs as described by the
DOE and SC mission statements and strategic plans; (2) evolving scientific opportunities, which
sometimes emerge in a way that revolutionizes disciplines; (3) results of external program reviews and
international benchmarking activities of entire fields or sub fields, such as those performed by the
National Academy of Sciences; (4) unanticipated failures, for example, in critical components of
scientific user facilities that cannot be mitigated in a timely manner; and (5) strategic and programmatic
decisions made by other (non-DOE) Federal agencies and by international entities.

The BER program is closely coordinated with the activities of other federal agencies (e.g., National
Institutes of Health, National Science Foundation (NSF), National Aeronautics and Space
Administration (NASA), Department of Commerce/National Oceanic and Atmospheric Administration
(NOAA), Environmental Protection Administration (EPA), Department of Agriculture, and Department
of Defense). BER Climate Change Research is coordinated with the U.S. Global Change Research
Program, an interagency program codified by Public Law 101-606 and involving thirteen federal
agencies.

BER also promotes the transfer of the results of its basic research to contribute to DOE missions in areas
of future energy sources, improved use of fossil fuels (carbon sequestration), and reduced environmental
impacts of energy production and use.
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Validation and Verification

Progress against established plans is evaluated by periodic internal and external performance reviews.
These reviews provide an opportunity to verify and validate performance. Quarterly, semiannual, and
annual reviews consistent with specific program management plans are held to ensure technical
progress, cost and schedule adherence, and responsiveness to program requirements.

Program Assessment Rating Tool (PART) Assessment

The Department implemented a tool to evaluate selected programs. PART was developed by OMB to
provide a standardized way to assess the effectiveness of the Federal Government’s portfolio of
programs. The structured framework of the PART provides a means through which programs can assess
their activities differently than through traditional reviews. The Biological and Environmental Research
(BER) program has incorporated feedback from OMB into the FY 2005 Budget Request and has taken,
or will take, the necessary steps to continue to improve performance.

In the PART review, OMB gave the Biological and Environmental Research (BER) program a high
score of 86% overall which corresponds to a rating of “Effective.” OMB found that the program is well
coordinated with other federal research agencies, uses targeted grant solicitations that convey the long-
term goals of the program, and funds high risk research that regularly delivers important results.
Although BER is establishing a Committee of Visitors (COV), to provide outside expert validation of
the program’s merit-based review processes for impact on quality, relevance, and performance, this
committee has not yet met. Once the COV issues a report, BER will develop an action plan to respond to
the findings and recommendations within 30 days. The assessment found that BER has developed a
limited number of adequate performance measures. However, OMB noted concerns regarding the
collection and reporting of performance data. To address these concerns, BER will work with its
Advisory Committee to develop research milestones for the long-term performance goals, will work to
improve performance reporting by grantees and contractors, and will work with the CFO to improve
BER sections of the Department’s performance documents. BER’s role in providing scientific research
facilities is strongly supported by the Administration. Funding is provided in FY 2005 to operate the
program’s facilities at maximum capacity.
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Funding by General and Program Goal

(dollars in thousands)

| FY2003 | FY2004 | FY2005 | $Change | % Change |
General Goal 5, World-Class Scientific
Research Capacity
Program Goal 05.21.00.00 Harness the
Power of Our Living World
Life SCIENCES.....ocvviieiciiiie e 181,803 204,691 204,011 -680 -0.3%
Climate Change Research....................... 122,182 142,114 142,959 +845 +0.6%
Environmental Remediation..................... 101,375 108,308 105,522 -2,786 -2.6%
Medical Applications and Measurement
SCIEBNCE ..vviie e 89,000 186,341 44,098  -142,243 -76.3%
Construction (PED).......ccceveviiieiiiiiiieees 0 0 5,000 +5,000 +100.0%
Total, Program Goal 05.21.00.00 Harness
the Power of Our Living World...................... 494,360 641,454 501,590 -139,864 -21.8%
Use of Prior Year Balances...................... 0 -1,930 0 +1,930 +100.0%
Total, Biological and Environmental
ReSearch ......ccocee i 494,360 639,524 501,590 -137,934 -21.6%
Overview

The BER program supports fundamental research in climate change, environmental remediation,
genomics, proteomics, radiation biology, and medical sciences. BER supports leading edge research
facilities used by public and private sector scientists across the range of BER disciplines. BER works
with other federal agencies to coordinate research across all of its programs. BER validates its long-
range goals through its advisory committee, the Biological and Environmental Research Advisory
Committee (BERAC).

The Opportunity

With the 21* Century dawns what many have called the “biological century”—an era when advances in
biology, spurred by achievements in genomic research, including the sequencing of the human genome,
will bring revolutionary and unconventional solutions to some of our most pressing and expensive
challenges in health, energy, the environment, and national security. We will understand how living
organisms interact with and respond to their environments so well that we will be able to use biology to
produce clean energy, remove excess carbon dioxide from the atmosphere, and help clean up the
environment. Our understanding of climate change and our ability to predict climate over decades to
centuries will enable us to develop science-based solutions to reduce and minimize the impacts of
climate change and to better plan for our Nation’s future energy needs. BER will lead the way in
discovering innovative approaches along unconventional paths to energy independence and
environmental cleanup.

The Challenges

Understanding and predicting climate — Can we understand the factors that determine Earth’s climate
well enough so that we can predict climate decades to centuries in the future? Advanced climate models
are needed to describe and predict the roles of oceans, the atmosphere, sea ice and land masses on
climate. So too, the role of clouds in controlling solar and terrestrial radiation onto and away from the
Earth needs to be better understood since it is the largest uncertainty in climate prediction. Moreover, the
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impacts of excess carbon dioxide in the atmosphere from human sources, including energy use, on
Earth’s climate and ecosystems need to be determined and possible mitigation strategies developed.

A cleaner environment — Microbes have a remarkable capacity to thrive in almost every environment
imaginable, even when heavily contaminated. Can we use nature’s own solutions to clean up sites
contaminated from years of weapons research? These solutions seem ever closer as we study the
molecular details of nature’s own cleanup strategies.

Technology for a healthier Nation — At the crossroads of the physical and biological sciences is the
promise of remarkable technology for tomorrow’s medicine. Developments in imaging technology have
the potential to revolutionize all of medical imaging with increases in sensitivity, ease of use, and patient
comfort. Technological wonders are on the horizon, like an artificial retina that will give vision to the
blind.

A new biology — Can we understand the workings of biological systems well enough so that we can use
nature’s own principles of design to solve energy and environmental challenges? Understanding
nature’s array of multi protein molecular machines, each with exquisitely precise and efficient functions
and controls, will enable us to use and even redesign these molecular machines to address DOE and
national needs.

The lnvestment Plan

BER will continue its investments in core technologies and fundamental science needed to address these
daunting challenges. We believe that the most important scientific advances in the 21* century will occur
at the interfaces between scientific disciplines such as biology, physics, chemistry, engineering, and
information science. BER investments at these interfaces will enable: (1) the development of a new
research infrastructure for understanding the function and control of biological systems that can be used
to solve critical problems in energy and the environment; (2) an improved ability to predict climate on
global and regional scales; (3) development of strategies to remove excess carbon dioxide from the
atmosphere; (4) new science-based strategies for the clean up and long-term monitoring of the
environment; and (5) the development of unique devices and technologies for the medical community
that improve our Nation’s health.

How We Work

BER uses a variety of mechanisms to conduct, coordinate, and fund biological and environmental
research. BER is responsible for planning and prioritizing all aspects of supported research, for
conducting ongoing assessments to ensure a comprehensive and balanced portfolio that addresses DOE
and national science needs, and for coordinating its research programs with those of other federal
agencies. BER regularly seeks advice on its research programs from the scientific community and from
its diverse stakeholders. BER supports research at national laboratories, universities, research institutes,
and in private companies, and maintains a strong research infrastructure across the biological and
environmental sciences most relevant to the BER program.

Advisory and Consultative Activities

To ensure that resources are allocated to the most scientifically relevant and promising research, BER
actively seeks external input using a variety of advisory bodies. BER regularly compares its programs to
the scientific priorities recommended by the BERAC and by the standing committees created by the
Office of Science and Technology Policy (OSTP). BER staff and BERAC both interact with and receive
feedback from other programs and advisory committees across the Department including Advanced
Scientific Computing Research, Basic Energy Sciences, Environmental Management, Energy Efficiency
and Renewable Energy, Nuclear Energy, Fossil Energy, and the National Nuclear Security
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Administration. BER program coordination across federal agencies also benefits from international and
interagency working groups such as those of the International Human Genome Project, the U.S. Global
Change Research Program (USGCRP), and the National Institutes of Health Bioengineering
Consortium. Finally, BER consults regularly with groups like JASON and The Washington Advisory
Group (WAGQ), involving physicists, mathematicians, engineers, etc., to receive feedback on BER
program elements such as the Atmospheric Radiation Measurement (ARM) program, climate change
prediction activities, the William R. Wiley Environmental Molecular Sciences Laboratory (EMSL), and
the Human Genome program.

Facility Operations Reviews

BER facility operations are monitored by peer reviews and user feedback. BER facility operations have
also been reviewed by BERAC and by an OSTP interagency working group evaluating structural
biology user facilities. The Office of Science’s (SC) Construction Management Support Division has
reviewed BER’s Joint Genome Institute. BER manages these facilities in a manner that meets user
requirements as indicated by achieving performance specifications while protecting the safety of
workers and the environment. Facilities are operated reliably and according to planned schedules.
Facilities are also maintained and improved to remain at the cutting edge of technology and scientific
capability.

Program Reviews

Effective program review, peer review, and user feedback are critical tools for BER to measure
performance of research programs, research projects, and user facilities. The quality and scientific
relevance of the BER program and its individual research projects are maintained by rigorous peer
reviews conducted by internationally recognized scientific experts. The criteria for determining
scientific quality and relevance include scientific merit, appropriateness of the proposed approach,
requested level of funding, research facilities, and qualifications of the principal investigator. BER
expects the highest quality research and, when necessary, takes corrective management actions based on
results of the reviews. A measure of the quality of the BER research is the sustained achievement in
advancing scientific knowledge. This is demonstrated by the publication of research results in the
leading refereed scientific journals pertinent to BER-related research fields, by invited participation at
national and international scientific conferences and workshops, and by honors received by BER-
supported researchers.

At the highest level, regular reviews of individual BER program elements and of the entire BER
research program are conducted by BERAC. As noted above, BER also benefits from interagency and
international reviews of programs such as the Human Genome Program, the Global Change Research
Program, and the structural biology research program, including reviews by Boards and Committees of
the National Academy of Sciences.

BER goes one step further in conducting program reviews. Panels of distinguished scientists are
regularly charged with evaluating the quality of individual programs and with exploring ways of
entraining new ideas and research performers from different scientific fields. This strategy is based on
the conviction that the most important scientific advances of the new century will occur at the interfaces
between scientific disciplines, such as biology and information science. The BER program is ideally
positioned to facilitate and foster interactions between the physical sciences, the computational sciences,
and the life sciences, and aggressively pursues every opportunity to nurture collaborations at the
interfaces between these scientific domains.
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Planning and Priority Setting

BER prides itself on supporting research and developing new research initiatives that lead the way
across many fields of science and that effectively bring together many different disciplines, including
biology, chemistry, engineering, computing, and the physical sciences. Peer reviews and user feedback
are incorporated as BER anticipates and plans for the future needs of DOE research in the life and
environmental sciences. This includes: planning for future directions, opportunities, and initiatives
within the BER research portfolio; maintaining the flexibility to quickly move into promising new areas;
contributing to the health of the educational pipeline in critical subfields and disciplines; planning for
upgrades at existing facilities to expand the research capabilities or operational capacity; ensuring the
proper balance between facilities and research; and planning for future facilities necessary to advance
the science in areas relevant to BER’s mission with strong involvement of the research community.

BER planning and priority setting are also key BERAC activities and part of BER’s interagency
coordination. Individual BER program elements, e.g., human genome, low dose radiation research,
Genomics: GTL, bioremediation research, and global climate change develop long-range program plans
through coordinated efforts with BERAC and other federal agencies.

How We Spend Our Budget

The BER budget has three major components: basic research at universities (23%); basic research at
national laboratories (42%); and user facility support (22%). Research at national laboratories also
includes support for high throughput DNA sequencing at the Joint Genome Institute, Atmospheric
Radiation Measurement Infrastructure, Free-Air CO, Enrichment (FACE) experimental facilities,
Unmanned Aerial Vehicles, and other elements that represent a research infrastructure for the scientific
community that includes both university and laboratory scientists. BER’s user facilities include the
infrastructure at synchrotron and neutron sources for structural biology and operation and equipment for
the Environmental Molecular Sciences Laboratory (EMSL).

Biological and Environmental Research Budget Allocation

FY 2005

Infrastructure
2%

Other

0
11% University Research

23%

Facility Operations
22%

Laboratory Research
42%
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Research

In FY 2005, the BER program will support fundamental research in climate change, environmental
remediation, genomics, proteomics, radiation biology, and medical sciences at 220 public and private
research institutions in 44 states and at 16 DOE laboratories in 10 states. This research will be conducted
in over 1000 different research projects by over 2,275 researchers and students. In addition to the
principal investigator for each research project funded by BER, individual projects typically have
between 1 and 20 additional PhD-level scientists who are funded collaborators. Information on scientific
collaborators is not routinely tracked.

= University Research: University researchers play a critical role in the BER program, conducting
fundamental research and developing the next generation of scientists for the nation’s biological and
environmental research efforts. BER will continue its commitment to and dependence on scientists
at the Nation’s universities. In general, BER-supported research at universities and research
institutions are single investigator projects. Approximately half of BER basic research funding
supports university-based activities directly and indirectly. University scientists are the major
scientific users at BER facilities and other enabling research infrastructures such as the ARM
program.

All research projects supported by the BER program undergo regular peer review and evaluation
based on the procedures set down in 10 CFR Part 605 for the extramural grant program
(http://www.science.doe.gov/grants/merit.html). Peer review of BER projects is performed to
provide an independent assessment of the scientific and/or technical merit of the research by peers
having knowledge and expertise equal to that of the researchers whose work they review.

= National Laboratory Research: Research projects at national laboratories are most often multi-
investigator team projects that take advantage of unique resources, capabilities, or facilities found at
the national laboratories. Researchers at the national laboratories collaborate extensively with
academic researchers supported by BER as well as with academic users of the BER facilities and
research infrastructure including the EMSL, ARM, FACE, AmeriFlux sites, Natural and Accelerated
Bioremediation Research (NABIR) Field Research Center, the Joint Genome Institute (JGI), and the
structural biology user facilities at the synchrotron and neutron sources.

All DOE laboratory research projects supported by the BER program undergo regular peer review and
evaluation. BER research at the DOE Laboratories and scientific user facilities undergoes peer review
and evaluation in a similar procedure to that used for university-based research.

BER L eadership and Unique Roles

The BER program has a broad range of unique roles for the Department and the national and
international scientific communities including:

= Manage research on microbes for energy and the environment, and work with the Advanced
Scientific Computing Research program to develop the computational methods and capabilities
needed to advance understanding of complex biological systems, predict their behavior, and use that
information to address DOE needs.

= Provide the facilities, instrumentation, and technology needed to (1) characterize the multi-protein
complexes that result in microbial products and processes of use to DOE, and (2) determine the
functional repertoire of complex microbial communities that can be used to address DOE needs.

= Develop cutting edge technologies, facilities, and resources, including animal models, for the
Human Genome Project.
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Provide world leadership in low dose radiation research.

Provide world-class structural biology user facilities and unique computational and experimental
structural biology research emphasizing protein complexes involved in recognition and repair of
DNA damage and remediation of metals and radionuclides.

Provide world leadership in ground-based measurement of clouds and atmospheric properties to
resolve key uncertainties in climate change, through the ARM program.

Develop advanced predictive capabilities using coupled climate models on the Nation’s premier
computers for decade-to-century long simulations of climate change.

Support fundamental research on carbon sequestration to develop technologies that enhance the
uptake of carbon in terrestrial and ocean ecosystems.

Provide the scientific knowledge and enabling discoveries to reduce the risks and costs associated
with the cleanup of the DOE weapons complex.

Provide world-class scientific user facilities for environmental and climate change research.

Provide world leadership in radiopharmaceutical development for wide use in the medical and
research communities.

Maintain world leadership in instrumentation development for medical and biological imaging.

Enable interdisciplinary teams of scientists to use the unique resources in physics, chemistry,
material sciences, and biology at the National Laboratories to develop novel medical applications.

Provide world leadership in the development of intelligent micro machines that interface with the
brain and spinal cord to overcome disabilities.

Ensure that the rights and welfare of human research subjects at the Department are protected while
advances in biomedical, environmental, nuclear, and other research lead to discoveries that benefit
humanity.

Significant Program Shifts
For FY 2005, BER will focus on:

Project Engineering and Design (PED) of a Genomics: GTL facility for the Production and
Characterization of Proteins and Molecular Tags. This facility will incorporate a new generation of
sophisticated high-throughput technologies that are required for translating the new biology, making
them widely and readily available, and using them effectively to serve the community of national
laboratories, academic, and industrial researchers. Research underpinning the development and
design of the technologies to be incorporated into this facility is currently being funded as part of
the GTL program.

Changing the Atmospheric Science Program from air quality research on tropospheric ozone and
particulates to the direct and indirect effects of aerosols on the atmospheric radiation balance and
climate. New field measurement campaigns and modeling studies of the formation, transport, and
transformation of aerosols and their radiative properties will be initiated in conjunction with the
ARM program. The research will focus on key uncertainties that currently limit our ability to
accurately simulate and predict the direct and indirect effect of aerosols on climate.

Integration of Environmental Remediation research from EMSP, NABIR, EMSL, and SREL to
perform “comprehensive” field studies.
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Genomics; GTL Research

The FY 2005 budget includes funds for the continued expansion of the Genomics: GTL program—a
program at the forefront of the biological revolution. This program employs a systems approach to
biology at the interface of the biological, physical, and computational sciences to address DOE’s energy,
environment, and national security mission needs. This research will continue to more fully characterize
the inventory of multi protein molecular machines found in selected DOE-relevant microbes and higher
organisms. It will determine the diverse biochemical capabilities of microbes and microbial
communities, especially as they relate to potential biological solutions to DOE needs, found in
populations of microbes isolated from DOE-relevant sites. In FY 2005, PED for a facility for the
Production and Characterization of Proteins and Molecular Tags will be initiated. This facility will be a
high throughput user facility that will use highly automated processes to mass-produce and characterize
proteins directly from microbial DNA sequence data and create affinity reagents or “tags” to identify,
capture, and monitor the proteins from living systems.

Climate Change Science Program

In 2003, the Administration launched a new Climate Change Research Initiative (CCRI) to focus
research on areas where substantial progress in understanding and predicting climate change, including
its causes and consequences, is possible over the next five years. The CCRI was then combined with the
existing U.S. Global Change Research Program (USGCRP) to form a combined USGCRP/CCRI
managed as the Climate Change Science Program (CCSP) by the cabinet-level Committee on Climate
Change Science and Technology Integration (BER request for CCSP for FY 2005 is $134,169,000).
DOE, in conjunction with its interagency partners, including NSF, NASA, NOAA, USDA, Interior, and
EPA, will continue to focus its Climate Change Research in CCSP priority areas. These areas include
advanced climate modeling, critical climate processes (including effects of clouds and water vapor on
the atmospheric radiation balance), carbon cycling, atmospheric composition (with a focus on both
greenhouse gas concentrations and effects of various aerosols on climate), effects of climate change on
important terrestrial ecosystems, and the development and evaluation of tools for assessing the costs and
benefits of climate change mitigation options. The deliverables from this BER research will be
highlighted by information useful to policy makers.

In FY 2005, BER will contribute to the CCRI from four programs: Terrestrial Carbon Processes, Climate
Change Prediction, ARM, and Integrated Assessment. Activities will be focused on (1) helping to
resolve the North American carbon sink question (i.e., the magnitude and location of the North
American carbon sink); (2) development and operation of a mobile ARM Cloud and Radiation Testbed
facility to provide data on the effects of clouds and aerosols on the atmospheric radiation budget in
regions and locations of opportunity where data is lacking or sparse; (3) using advanced climate models
to simulate potential effects of natural and human-induced climate forcing on global and regional
climate and the potential effects on climate of alternative options for mitigating increases in human
forcing of climate; and (4) developing and evaluating assessment tools needed to study costs and
benefits of potential strategies for reducing net carbon dioxide emissions.

Scientific Discovery through Advanced Computing (SciDAC)

The Scientific Discovery through Advanced Computing (SciDAC) program is a set of coordinated
investments across all Office of Science mission areas with the goal of achieving breakthrough scientific
advances via computer simulation that are impossible using theoretical or laboratory studies alone. The
power of computers and networks is increasing exponentially. Advances in high-end computing
technology, together with innovative algorithms and software, are being exploited as intrinsic tools for
scientific discovery. SciDAC has also pioneered an effective new model of multidisciplinary
collaboration among discipline-specific scientists, computer scientists, computational scientists, and
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mathematicians. The product of this collaborative approach is a new generation of scientific simulation
codes that can productively exploit terascale computing and networking resources. The program is
bringing computation and simulation to parity with experiments and theory in the scientific research
enterprise as demonstrated by major advances in climate modeling and prediction, plasma physics,
particle physics, accelerator design, astrophysics, chemically reacting flows, and computational
nanoscience.

In FY 2005, BER will continue to advance the science of climate modeling by coupling models of
different components of the Earth system related to climate and by significantly increasing the spatial
resolution of global climate models. These SciDAC-enabled activities will allow climate scientists to
gain unprecedented insights into potential effects of energy production and use on the global climate
system.

Scientific Facilities Utilization

The BER request includes funds to maintain support of the Department’s major scientific user facilities.
BER has expanded the definition of a scientific user facility to include facilities such as structural
biology research beam lines at the synchrotron light sources and neutron sources; the operation of the
William R. Wiley Environmental Molecular Sciences Laboratory where research activities underpin
long-term environmental remediation and other DOE missions in energy and national security; the
Production Genomics Facility and the Laboratory for Comparative and Functional Genomics (“Mouse
House”); and the ARM and FACE facilities. With this funding, BER will provide for the operation of the
facilities, assuring access for scientists in universities, federal laboratories, and industry. BER will also
leverage both federally and privately sponsored research to maintain support for and operation of these
facilities.

BER will maintain and operate EMSL and the structural biology user facilities so that the achieved
operation time will be greater than 90%, on average, of total scheduled annual operation.
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User Satistics

FY 2000 ‘ FY 2001 ‘ FY 2002 FY 2003 FY 2004 FY 2005

Achieved Planned

EMSL?®

Maximum hours.......ccccccevevereeennen 4,365 4,365 4,365 4,365 4,365 4,365

Scheduled hours .........cccccoevuveeenn. 3,130 3,130 4,275 4,365 4,365 4,365

Operation TiIMe.......ccceovvveeerrinnenn. 95% 95% 95% 95% 95% 95%
Production Genomics Facility

Maximum hourS........cccceevvveeennnee 3,600 3,600 3,600 3,600 3,600 3,600

Scheduled hours .........ccccccevvvneenn. 3,600 3,600 3,600 3,600 3,600 3,600

Operation TiMe.....cccceeevvvecvvvvennnnn. >99% >99% >99% >98% >98% >98%
Center for Comparative Genomics (“Mouse House”)

Maximum hours...........cccceeeeennen. 0 0 0 0 8,760 8,760

Scheduled hours ...........ccoeevvveeee. 0 0 0 0 8,760 8,760

Operation TiMe.....ccceeeeveviiiivvvennnn. N/A N/A N/A N/A >99% >99%
Atmospheric Radiation Measurement (ARM)

Maximum hours........cccccevcvereennee 6,290 6,290 6,290 6,290 6,290 6,290

Scheduled hours ®.........cccoocou..... 6,290 6,290 6,290 6,290 6,290 6,290

Operation Time.........ccccvvveevivvnnnn. >98% >98% >98% >98% >98% >98%
Free Air Carbon Dioxide Enrichment (FACE)

Maximum hours.........cccccceveeeeenen, 15,865 15,865 15,865 15,865 15,865 15,865

Scheduled hours .........cccccevvvneenn. 15,865 15,865 15,865 15,865 15,865 15,865

Operation TiMe.....cccceeevvvecvvvvennnnn. 93% 93% 94% >94% >95% >95%

User statistics for BER structural biology user facilities at DOE neutron and light sources are included as
part of the user statistics collected and reported by the Basic Energy Sciences (BES) program and are not
repeated here.

Construction and I nfrastr ucture

BER will meet the cost and schedule milestones for construction of facilities and major items of
equipment within 10% of baseline estimates.

Funding for capital equipment is decreased in FY 2005 after a one-time increase in FY 2004 for
instrument modifications at EMSL. For all other BER activities the capital equipment is held
approximately at the FY 2004 level.

% Scientists use, or remotely access, some of the more than 100 instrumentation/computer systems in the
EMSL 24 hours/day while other instruments are used only 10-12 hours/day. Maximum hours identified above are
therefore based on a 12-hour day average estimate. Scheduled hours and downtime for each of the 100
instrument systems are also unique. As a result, the scheduled hours identified above are based on a 10-hour day
average estimate. None of the major instrument systems within the EMSL have experienced any significant
unscheduled downtimes.

> Allows for weather related downtime based on climatology (e.g., lightning strikes, hail, extreme winds, and

cold events).
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The BER program, as part of its responsibilities as landlord for the Pacific Northwest National
Laboratory (PNNL) and the Oak Ridge Institute for Science and Education (ORISE), provides funding
for the general plant projects (GPP) and general plant equipment (GPE). In addition to the general-
purpose line item projects funded out of the Science Laboratories Infrastructure program, GPP and GPE
represent the capital investment funding provided by the Department for the general laboratory
infrastructure. This ensures that the PNNL and ORISE infrastructures will continue to enable the
Department’s mission activities at these sites.

Wor kfor ce Development

Workforce development is an integral and essential element of the BER mission to help ensure a
science-trained workforce, including researchers, engineers, science educators, and technicians. The
research programs and projects at the National Laboratories, universities, and research institutes actively
integrate undergraduate and graduate students and post-doctoral investigators into their work. This
“hands-on” approach is essential for the development of the next generation of scientists, engineers, and
science educators. Specific fellowship programs are also sponsored by BER to target emerging areas of
need. Over 1,500 graduate students and post-doctoral investigators will be supported at universities and
at National Laboratories in FY 2005. BER will continue its support for graduate students and post!
doctoral investigators in FY 2005. The number of graduate students and post-doctoral investigators will
remain approximately at the FY 2004 level.

Graduate students and postdoctoral investigators use Office of Science user facilities. For example, they
use the structural biology experimental stations on the beam lines at the synchrotron light sources and
the instruments at the EMSL. Using these unique research tools enables the graduate students and post[
doctoral investigators to participate in and conduct leading edge research. Approximately half of all of
the facility users are graduate students and post-doctoral investigators; some 600 graduate students and
post-doctoral investigators will conduct their research at the EMSL in FY 2005. The graduate students
and post-doctoral investigators are supported by resources from a wide variety of sponsors, including
BER, other Departmental research programs, other federal agencies, and U.S. and international private
institutions. Graduate students and post-doctoral investigators at the synchrotron light sources are
included in the BES user facility statistics and are thus not included here.

BER will continue its commitment to and dependence on research scientists at the Nation’s universities.
Approximately half of BER basic research funding directly or indirectly supports university-based
activities. University scientists are the major users at BER facilities and other enabling research
infrastructure. University-based scientists are an integral part of research programs across the entire
range of the BER portfolio. These scientists are funded through individual peer-reviewed grants and as
members of peer-reviewed research teams involving both national laboratory and university scientists.

University-based scientists are the principal users of BER user facilities for structural biology at the
synchrotron and neutron sources. They are also users of the EMSL, and the NABIR program’s Field
Research Center. University scientists also form the core of the science teams in the Climate Change
Research Programs that network with the broader academic community as well as with scientists at
DOE laboratories and other agencies, such as the National Aeronautics and Space Administration and
the National Oceanic and Atmospheric Administration. In addition, university-based scientists are
funded through Requests for Applications across the entire BER program including genomics, structural
biology, low dose radiation research, climate change research, bioremediation research, medical
imaging, and radiopharmaceutical development. Furthermore, university scientists work in close
partnership with scientists at National Laboratories in many other BER programs including genomics,
and carbon sequestration research.
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DOE-BER Human Capital

FYy2000 | Fy2001 | Fy2002 | Fy2003 | Fy 2004 FY 2005

# University Grants..... 532 579 628 630° 630° 630°

Size / Duration........... $302,000/yr  $287,000/yr  $309,000/yr  $300,000/yr* $300,000/yr* $300,000/yr*
3 years 3 years 3 years 3 years 3 years 3 years

# Lab Projects............ 379 397 392 3952 400° 400°

# Permanent PhDs".... 1310 1370 1427 14912 1489° 1490°

# Postdocs®............. 251 274 357 373° 372° 375°

# Graduate Students®.. 438 443 491 481° 488° 490°

# PhDs awarded’........ NA® NA® NA® NA® NA® NA®

 Estimated. Information on the number of research projects funded, the size of those projects, or the number
of personnel involved cannot be known prior to the receipt of research applications or proposals, their peer
review, and the completion of funding decisions.

® Estimated. Information is not readily available on the total number of permanent PhD scientists associated
with each research project. In addition to the principal investigator for each research project funded by BER,
individual projects typically have between 1 and 20 additional PhD-level scientists who are funded collaborators.
Information on scientific collaborators is not routinely tracked.

¢ Estimated for national laboratory projects.

4 Information is not available on the number of PhDs awarded as a result of BER funded research at
universities or national laboratories. Such data will be collected for FY 2005.
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Life Sciences

Funding Schedule by Activity

(dollars in thousands)

FY 2003 FY 2004 FY 2005 $ Change % Change

Life Sciences

Structural Biology ........ccccoevveveiiinnnn. 26,689 27,036 21,871 -5,165 -19.1%

Molecular and Cellular Biology ........ 71,384 97,794 101,954 +4,160 +4.2%

Human Genome..........cccoeeeeviieenennns 73,217 64,230 64,572 +342 +0.5%

Health EffectS.......cccccvviiiiiiicnene, 10,513 10,175 10,237 +62 +0.6%

SBIR/STTR....cotiiie e 0 5,456 5,377 -79 -1.4%
Total, Life SCIences.......cccccevvvveeeiinieenenns 181,803 204,691 204,011 -680 -0.3%

Description

The mission of the Life Sciences subprogram is to foster fundamental research in the biological and life
sciences that will provide new insights and advance knowledge of the life sciences to underpin the
Department of Energy’s mission needs. Biotechnology offers the promise of revolutionary solutions to
energy and environmental challenges facing DOE and the Nation. Fundamental research in the Life
Sciences subprogram will deliver a new knowledge base for cost effective cleanup of environmental
contamination, design of new strategies for enhanced capture of atmospheric carbon dioxide, and
increased bio-based sources of fuel or electricity. The program will also deliver new knowledge
underpinning rigorous, cost-effective standards to protect the health of DOE cleanup workers and the
public, and for science-based decisions on DOE site cleanup.

Benefits

Fundamental research is supported in structural biology, genomics, and the health effects of low dose
radiation. DNA sequencing is used to understand the genetic and environmental basis of normal and
abnormal biological function, from human genes that make some people more sensitive to the adverse
effects of low doses of radiation to the biochemical capabilities of complex microbial communities that
could be used to produce clean energy, clean up or stabilize wastes in Situ to minimize risks to humans
and the environment, or sequester excess atmospheric carbon dioxide. Scientific tools and resources are
developed and made widely available for determining protein structures at DOE synchrotron and
neutron sources and for high throughput genomic DNA sequencing. New capabilities are developed in
the Genomics: GTL program for understanding the structure, function, and regulation of multi protein
complexes from DOE-relevant organisms and of complex, DOE-relevant microbial communities —
information that can then be used to develop biotechnological solutions for DOE needs.
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Supporting Infor mation

BER Life Sciences supports research in the following areas:

= Dbiological effects of low doses of ionizing radiation. The program works closely with scientists,
regulators, and the public to ensure that the research results are available to develop a better
scientific basis for adequately protecting people from the adverse effects of ionizing radiation.

= Genomics: GTL research, developing, together with the Advanced Scientific Computing Research
program, experimental and computational resources, tools, and technologies to understand the
complex behavior of biological systems — from single microbes to communities of multiple
microbial species. This information can be used to develop innovative biotechnology solutions for
energy production, waste cleanup, and carbon management.

= a high throughput DNA sequencing user resource to meet DNA sequencing needs of the scientific
community.

= resources, tools, and technologies to understand the function of human genes that it identified as part
of the International Human Genome Project using model organisms such as the mouse, Fugu (the
puffer fish), and Ciona (the sea squirt).

Periodic retrospective analysis will be employed to evaluate the accumulation of knowledge and validate
specific outcomes. This subprogram was reviewed as part of a BERAC review of the entire BER
program in FY 2001. The next scheduled comprehensive review of the Life Sciences subprogram by
BERAC will be in FY 2004.

Accomplishments:

= Sequencing Leap-Frogs to another Milestone. The genome of the West African clawed frog,
Xenopus tropicalis, was sequenced as part of an international collaboration led by the DOE Joint
Genome Institute (JGI), with participation by the U.S. Environmental Protection Agency (EPA) and
the National Institutes of Health (NIH). This 1.7 billion base pair genome is the first amphibian
sequenced. The frog is scientifically important for a number of reasons. It marks an evolutionary
milestone coinciding with the appearance of four-legged animals. It serves an “environmental
sentinel” for environmental contamination and clean-up since its development is exquisitely
sensitive to chemical contaminants. It is also a model organism for studying embryonic
development, growth, and maturation and will help scientists decipher gene regulatory and
morphogenetic events in early vertebrate development leading to greater understanding of human
biology.

= A NewWndow on the Microbial World - Sudying the Other 99%. Microbes play a major role in the
health of our planet; but fewer than 1% of the Earth’s microbes can be cultured in the laboratory.
These unculturable bacteria and archaea live in every imaginable environment on Earth, thriving
under remarkably harsh conditions and possessing metabolic capabilities that enable them to
detoxify contaminants and use unique sources of energy. They live in our oceans and terrestrial
environments, playing critical roles in the maintenance and regulation of water and atmospheric
composition. In several pioneering projects, JGI scientists and their collaborators have opened a
new window on microbial diversity, using DNA sequencing of environmental samples to reveal the
genomic underpinnings and biochemical capabilities of the resident microbes. These new analyses
are illuminating the diversity of unculturable microbial life on Earth, revealing a wide range of
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biochemical capabilities that suggest new approaches for environmental cleanup, energy production,
and carbon sequestration.

= \ictory Declared - Human Genome Sequence Finished. In April 2003, the International Human
Genome Consortium announced the formal completion of the sequencing of the human genome.
This announcement, two years ahead of original projections, represents the achievement of the
quality and completeness milestones for the human DNA sequence — a sequence accuracy of less
than one error in ten thousand bases and the closure of all sequence gaps within the limits of current
technology. For its role in this international project, the JGI produced nearly 12% of the finished
human genome sequence, human chromosomes 5, 16, and 19, which include the most gene-rich
human chromosome (number 19) and one of the most internally duplicated chromosomes
(number16). Computational and biological analyses of these three chromosomes to date have
revealed nearly 4,000 genes impacting human health. Deciphering our genomic “text” will be a
major focus of future biology, relying in part on extensive comparisons with other related genome
sequences such as the frog, Fugu fish, and sea squirt all sequenced by the JGI.

= Revealing the genomes of “ Sudden Oak Death” and other plant pathogens. Genome sequencing of
pathogens provides direct insight int