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Director’s Overview

Starting with the Human Genome Project (1990-2003),
the field of genomics has catalyzed revolutionary
advances in biomedicine, which has positioned it to play a
central role in the new era of digital biology. The
integration of genomics into virtually all areas of
biomedical research and healthcare has come by
harnessing the power of large, interdisciplinary research
consortia and big data to drive cutting-edge discoveries.
As the Institute responsible for leading genomics research
at the National Institutes of Health (NIH), the National
Human Genome Research Institute (NHGRI) is uniquely
poised to continue these efforts at The Forefront of
Genomics.!

Eric D. Green, M.D., Ph.D.,
Director, NHGRI

Over the last three decades, genomics has grown from an emerging field to a well-established
discipline, with the tools of genomics now routinely and broadly used throughout the biomedical
research enterprise. Consequently, there is a robust foundation for conducting genomic-based
studies; maintaining and improving that foundation is something that NHGRI embraces as a core
part of its mission. Beginning with the Human Genome Project, NHGRI has supported research
to reduce the cost of DNA sequencing, helping to realize the million-fold reduction in the cost of
sequencing a human genome
achieved over the last ~18
Cost per Human Genome years. This foundational work
in technology development
has made cheap and rapid
DNA-sequencing methods
widely available, enabling
their rapid adoption for use in
coronavirus disease 2019
(COVID-19) diagnostics and
S o o S S W O S ) S N the deployment of COVID-19
il Wit el i testing early in the pandemic.
AR PR O] T MO i SR e At Additionally, NHGRI has long
supported research into the
development of technologies

To illustrate the nature of the reductions in DNA sequencing costs, this graph for creating synthetic RNA and
also shows hypothetical data reflecting Moore's Law, which describes a long- DNA. Once the severe acute
term trend in the computer hardware industry that involves the doubling of .
“computing power” every two years. Technology improvements that “keep up” respiratory syndrome

with Moore's Law are widely regarded to be doing exceedingly well, making it coronavirus 2 (SARS-COVZ)

useful for comparison. viral genome sequence became
known, these technologies
were instrumental in creating messenger RNA (mRNA)-based COVID-19 vaccines. Another

10,000,000

Moore's Law

$100,000

! Green, E.D., Gunter, C., Biesecker, L.G. et al. Strategic vision for improving human health at The Forefront of
Genomics. Nature 586, 683—692 (2020). https://doi.org/10.1038/s41586-020-2817-4
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component of the foundation for genomics is the establishment of standards and approaches for
open and rapid data sharing, an ethos that was quickly adopted in the global response to the
COVID-19 pandemic.

A major challenge in human genomics, especially as genomics becomes increasingly integrated
into medicine, is establishing a more complete understanding of how genomic variation
influences human health and disease. While variants can now be readily identified in a person’s
genome, our ability to rapidly establish the biological and clinical relevance of such variants
needs to be substantially improved. Towards that end, NHGRI has committed $185 million over
five years to support the work of the Impact of Genomic Variation on Function (IGVF)
Consortium, which includes world leaders in experimental and computational approaches for
predicting the impact of variants on genome function. As the functional consequences of more
and more human genomic variants are determined, collecting, curating, and disseminating the
resulting information are essential for advancing genomic medicine — this is the signature work
of the Clinical Genome Resource (ClinGen), which was renewed in August 2021 for an
additional five years,with co-funding from the National Cancer Institute (NCI). In its current
phase, ClinGen aims to increase the scale and impact of its tools and expand the diversity of its
curation workforce, as it continues to disseminate information about human genomic variants to
researchers and clinicians worldwide.

New challenges continually arise in efforts to interrogate the human genome and use the
resulting information for improving the practice of medicine. Since FY 2001, NHGRI has
funded the Centers of Excellence in Genomic Science (CEGS) Program to develop new
transformative genomic approaches to address such challenges. In FY 2021, Congress
appropriated $12.5 million to NHGRI to support a complementary “emerging Centers of
Excellence in Genomic Science” (eCEGS) Program, targeting institutions which had not
previously received a CEGS award. In FY 2023 and beyond, NHGRI plans to continue to
engage in outreach efforts at eligible institutions to increase the applicant pool for the eCEGS
program and continue to build capacity in genomics research across the country.

Data science is now a central component of genomics. As such, NHGRI invests in a range of
data resources, infrastructure, and technologies that strengthen the computational and data
foundation for advancing genomics research. Some of these efforts involve developing robust
approaches for handling the prodigious number of human genomes sequences now being
generated and made available to the research community every month. This includes support for
data browsers, portals, and visualization tools that allow the research and medical communities
to share, analyze, and utilize the increasingly complex and heterogenous data types (e.g.,
sequence, environmental, lifestyle, social, medical, and more) that are now used for genomic
medicine and precision medicine research. A prototype program in this area is NHGRI’s
Genomic Analysis, Visualization, and Informatics Lab-space (AnVIL), a rapidly maturing cloud-
based environment for housing and analyzing large complex datasets. NHGRI is now a leader in
genomic data science, attracting data scientists to the genomics research community through the
support of training, research experiences, and career development. To this end, NHGRI is
appointing a Chief Data Science Strategist who will report to the NHGRI Director and provide
critical leadership in data science and computational-related efforts in genomics.
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NHGRI is dedicated to ensuring that genomics improves human health by building on
discoveries made through genetics research and applying them in clinical settings. For example,
the Institute is committed to building the infrastructure and technologies to improve
understanding, diagnosis, and treatment of genetic disorders. In the summer of 2021, NHGRI
launched the Genomics Research Elucidates Genetics of Rare Disease (GREGoR) Consortium,
which will be supported by nearly $80 million over five years to help researchers identify the
genetic causes of rare genetic diseases that have to date eluded complete characterization
(including identifying the causative gene). Complementing such a disease-gene discovery
program, the Implementing Genomics in Practice (IGNITE) Network, established in 2013 and
currently in its second phase, works to develop methods for incorporating genomic information
into clinical care and assess approaches for real-world application of genomic medicine in
diverse clinical settings.

NHGRI strives for global diversity in all aspects of genomics research and is committed to the
systematic inclusion of ancestrally diverse and underrepresented individuals in all of its studies.
The Institute also aims to maximize the utility of genomics for all members of the public,
including the ability to access genomics in healthcare. In addition to IGNITE’s clinical trial
efforts, NHGRI and NCI are partnering to fund grants totaling $38 million over five years to
establish and support the Polygenic Risk MEthods in Diverse populations (PRIMED)
Consortium, which will work to improve methods by which people can learn about their genetic
risk for developing a disease by studying much larger numbers of non-European individuals,
with the long-term aim of improving genomic-based prediction methods in all populations.
Additionally, NHGRI is taking a leadership role in the research community in efforts to move
beyond population descriptors based on historical social constructs such as race in genomic
studies — one of the Bold Predictions in the 2020 NHGRI Strategic Vision.

NHGRI cannot successfully complete its mission of accelerating scientific and medical
breakthroughs that improve human health for all populations without attracting, developing, and
retaining a diverse genomics workforce, including individuals from groups currently
underrepresented in the genomics enterprise. This is an Institute-wide priority and central to the
2020 NHGRI Strategic Vision. Vence L. Bonham Jr., J.D., recently appointed the acting deputy
director of the Institute, will lead programmatic activities to advance our work related to
diversity, inclusion, health equity,
anti-racism, and social justice. In late
2021, NHGRI established the
Training, Diversity, and Health Equity
(TiDHE) Oftice, which will develop,
support, and lead the Institute’s efforts
in genomics training and workforce
development, workforce diversity, and
research initiatives aimed at
addressing health disparities and
inequities.
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The field of genomics has routinely benefited from a willingness and matched desire to articulate
ambitious — often audacious — research efforts that aim to address challenges and acquire
knowledge that may seem out of reach. Such boldness has served the genomics community well
by pushing its scientists to adapt to an ever-changing world, as exemplified by the unexpected
circumstances presented by the COVID-19 pandemic. NHGRI is committed to training the next
generation of scientists and clinicians who can bring genomics expertise to the next set of
unanticipated challenges that present themselves to the research, medical, and public health
communities. Towards that end, NHGRI’s Training and Career Development Program has
developed several initiatives focused on facilitating the work and maturation of early career
researchers, with an emphasis on attracting new investigators from diverse backgrounds.

Roughly 18 years after completion of the Human Genome Project,
genomic researchers finally generated a 100 percent complete
reference of the ~3-billion-base human genome sequence. This
historic achievement is a reflection of the foundational and ongoing
investments in technology development and the values that
undergird international and interdisciplinary collaborations, all
lessons learned from the Human Genome Project. NHGRI remains
committed to these values, which are deeply embedded in the
bedrock of our Institute and allow us to continue to be a productive
force at The Forefront of Genomics.
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The Forefront
of Genomics’

National Human Genome
Research Institute

NHGRI conducts and funds world-class genomics research, trains the next
generation of genomics experts, and collaborates with diverse communities
to improve human health.

of genomics on society.

of the Genome
e Biology of Disease
e Genomic Medicine
Data Science

Our Institute

$615,780,000
FY 2022 CR Budget
FY 2022 (1.4% of the total NIH budget)

375 FTEs

$629,154,000
FY 2023 President's Budget
Request

Research Funding Areas:

e Structure and Biology

genome.gov

Empowering the Biomedical Research Community

Building on our leadership role in sequencing the human genome,
NHGRI uses a “team science” approach to tackle increasingly complex
biological problems. As one of the smaller institutes at the National
Institutes of Health (NIH), we make every dollar we spend impactful.
We assemble interdisciplinary research teams consisting of scientists,
clinicians, ethicists, and other experts, and we ensure they have the
funding and resources to advance genomics. This approach has
stimulated a cultural change across biomedical research toward
enhanced data sharing, increased collaboration in the scientific and
medical communities, and a heightened appreciation for the impact

Early Career Training

Ethical, Legal, and Social
Implications of Genomics

Small Business Innovation

5% of NHGRI's research budget is
dedicated to studying the ethical, legal,
and social implications of genomics



From Bench to Bedside: Transforming Patient Care

By catalyzing new technologies and building translational programs, our experts help
understand, diagnose, and treat both rare and common diseases in sophisticated new ways.

Genomic Technologies

The research we fund paves the way for precision medicine and therapeutic interventions.
NHGRI-funded investigators and consortia are developing new genomic and data analysis
tools to transform the study of human biology and disease. One such center, the Center
for Genome Editing and Recording led by 2020 Nobel Prize winner Dr. Jennifer Doudna,
employs CRISPR/Cas9 genome-editing technology to understand how genomic variation
contributes to disease and uncover new therapeutic targets.

Genomic Medicine

We are enabling healthcare professionals to use their patients’ genomic information for
personalized care. NHGRI is implementing genomic medicine across different clinical
settings and in diverse populations as part of the Implementing Genomics in Practice
(IGNITE) Pragmatic Trials Network (PTN). By integrating genomic data into electronic
medical records and clinical decision making, NHGRI is piloting new approaches for
personalized treatments that will be available to everyone in the future.

Driving Responsible Use of Genomics

NHGRI is committed to advancing genomic knowledge and ensuring that genomics benefits
the health of all humans. We consider the ethical, legal, and social implications (ELSI) of
genomics in all aspects of our work. The ELSI Research Program supports transdisciplinary
Centers of Excellence in ELSI Research (CEER) that examine cutting-edge questions in ELSI
research and translate this scholarship into practice and policy.

Our teams:

e Explore privacy concerns and how to communicate study results to research
participants and their providers.

Strive to increase participation of underrepresented populations in research.
Engage with diverse communities to increase genomic literacy.

Work with policymakers to inform policy decisions for a future in which genomics
is part of daily life.

A 2020 Vision for Genomics

In October 2020, NHGRI published a strategic vision for the next decade that aims to expand
genomics into new frontiers and enable novel applications to human health and disease.
Through a multi-year process of strategic engagement, NHGRI collected input from diverse
stakeholders at over 50 events. The anticipated advances in technology development, biological
insights, and clinical applications will integrate genomics into virtually all areas of biomedical
research, mainstream medical and public-health practices, and everyday life. NHGRI’s strategic
vision highlights research opportunities and priorities that are at The Forefront of Genomics:

I.  Providing a socially responsible and highly ethical framework for conducting human
genomics research by establishing and adhering to guiding principles and values.

Il.  Facilitating genomic advances by sustaining and improving a robust foundation for
genomics research.

Ill.  Breaking down barriers in genomics through advances that create new research
opportunities and improve clinical care.

IV. Defining and leading the pursuit of bold and compelling genomics research projects
focused on elucidating genome function, understanding human disease, studying the
societal implications of genomics, and improving human health.

For more information:

The Forefront
genome.gov | 301.402.0911 of Genomics



Major Changes in Fiscal Year 2023 President’s Budget Request

Major changes by budget mechanism and/or budget activity detail are briefly described below.
Note that there may be overlap between budget mechanism and activity detail, and these
highlights will not sum to the total change for the FY 2023 President’s Budget request for
NHGRI, which is $629.2 million, an increase of $13.4 million from the FY 2022 Continuing
Resolution (CR) level. Within this request level, NHGRI will pursue its highest research
priorities through strategic investments and careful stewardship of appropriated funds.

Research Project Grants (RPGs) (+$7.9 million, total $320.4 million):

NHGRI will support a total of 414 Research Project Grant (RPG) awards in FY 2023, including
SBIR/STTR awards. Costs for non-competing RPGs will increase by $23.2 million, supporting
33 more awards than in the FY 2022 CR level. Funding for competing RPGs will decline by
$17.4 million relative to the FY 2022 CR level, with 28 fewer awards.

Research Centers (-$1.6 million, total $6.4 million):

This decrease relative to the FY 2022 CR level represents completion of and the movement of
ongoing NHGRI initiatives from the Research Centers budget mechanism line to the Other
Research mechanism. Several of these programs are part of the NHGRI Genomic Community
Resource Program which facilitates genomic research and the dissemination of its products, and
supports resources that are crucial for disease studies, model organism studies, and other
biomedical research

Research and Development Contracts (+$2.0 million, total $24.3 million):
This increase relative to the FY 2022 CR level represents additional support for NIH
infrastructure and research support and an increase to strengthen NIH-wide cybersecurity.
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Budget Mechanism Table

NATIONAL INSTITUTES OF HEALTH

National Human Genome Research Institute

Budget Mechanism "
(Dollars in Thousands)

) FY 2021 Final FY 2022 CR FY 2023 President's FY 2023 +/- FY 2022
Mechanism Budget
Number Amount Number Amount Number Amount Number Amount
Research Projects:
Noncompeting 203 $141,694 281 $220,935 314 $244,120 33 $23,185
Administrative Supplements (41) $40,711 (3) $4,968 (5) $6,215 0 $1,247
Competing:
Renewal 12 $9,214 15 $11,305 11 $7,764 4 -$3,541
New 128 $98,891 89 $59,130 65 $45,260 -24 -$13,870
Supplements 0 $0 0 30 0 $0 0 $0
Subtotal Competing 140 $108,104 104 $70,435 76 $53,024 -28 -$17,411
Subtotal, RPGs 343 $290,510 385 $296,338 390 $303,359 5 $7,021
SBIR/STTR 25 $16,449 23 $16,210 24 $17,040 1 $830
Research Project Grants 368 $306,959 408 $312,548 414 $320,398 6 $7,851
Research Centers
Specialized/Comprehensive 1 $2,114 1 $555 0 $34 -1 -$521
Clinical Research 0 $373 0 $0 0 $0 0 $0
Biotechnology 11 $22,179 3 $7,456 3 $6,341 0 -$1,115
Comparative Medicine 0 $0 0 $0 0 $0 0 $0
Research Centers in Minority Institutions 0 $0 0 $0 0 $0 0 $0
Research Centers 12 $24,667 4 $8,011 3 $6,375 -1 -$1,636
Other Research:
Research Careers 34 $4,974 41 $5,870 40 $5,839 -1 -$31
Cancer Education 0 $0 0 $0 0 $0 0 $0
Cooperative Clinical Research 0 $0 0 $0 0 $0 0 $0
Biomedical Research Support 0 $0 0 $0 0 $0 0 $0
Minority Biomedical Research Support 0 $345 0 $345 0 $345 0 -$0
Other 78 $83,406 94 $89,832 95 $91,088 1 $1,256
Other Research 112 $88,724 135 $96,047 135 $97,272 0 $1,225
Total Research Grants 492 $420,350 547 $416,606 552 $424,045 5 $7,440
Ruth L Kirschstein Training Awards: FTTPs FTTPs FTTPs FTTPs
Individual Awards 29 $1,242 29 $1,259 29 $1,283 0 $24
Institutional Awards 171 $10,013 171 $10,580 171 $10,782 0 $201
Total Research Training 200 $11,254 200 $11,839 200 $12,064 0 $225
Research & Develop. Contracts 11 $22,246 11 $22,246 11 $24,282 0 $2,036
SBIR/STTR (non-add) ) ($173) ) ($173) ) ($175) ) ($2)
Intramural Research 239 $123,768 251 $126,448 258 $128,977 7 $2,529
Res. Management & Support 108 $36,545 124 $38,641 127 $39,786 3 $1,145
SBIR Admin. (non-add) () ($50) () (850) () ($50) () (80)
Construction $0 $0 $0 $0
Buildings and Facilities $0 $0 $0 $0
Total, NHGRI 347 $614,163 375 $615,780 385 $629,154 10 $13,374

5
All items in italics and brackets are non-add entries.
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Appropriations Language
NATIONAL HUMAN GENOME RESEARCH INSTITUTE

For carrying out section 301 and title IV of the PHS Act with respect to human genome research,

$629,154,000.
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Summary of Changes

NATIONAL INSTITUTES OF HEALTH
National Human Genome Research Institute

Summary of Changes
(Dollars in Thousands)

FY 2022 CR $615,780
FY 2023 President's Budget $629,154
Net change $13,374
FY 2023 President's Built-In Change from
FY 2022 CR Budget FY 2022 CR
Budget| Budget Budget
CHANGES FTEs Authority FTEs Authority FTEs Authority
A. Built-in:
1. Intramural Research:
a. Annualization of January 2022 pay increase & benefits $48,352 $51,352 $321
b. January FY 2023 pay increase & benefits $48,352] $51,352 $1,637
c. Paid days adjustment $48,352 $51,352 -$184
d. Differences attributable to change in FTE $48,352] $51,352 $1,228
e. Payment for centrally furnished services $21,422 $21,850 $428
f. Cost of }aboratory supplies, materials, other expenses, and $56.675 $55.775 $1.234
non-recurring costs
Subtotal $4,664
2. Research Management and Support:
a. Annualization of January 2022 pay increase & benefits $19,542 $20,751 $129
b. January FY 2023 pay increase & benefits $19,542 $20,751 $661
c. Paid days adjustment $19,542] $20,751 -$74
d. Differences attributable to change in FTE $19,542 $20,751 $493
e. Payment for centrally furnished services $1,492 $1,522 $30|
f. Cost of }aboratory supplies, materials, other expenses, and $17.607 $17.513 $384
non-recurring costs
Subtotal $1,623
Subtotal, Built-in $6,287
FY 2023 President's Program Change from
FY 2022 CR Budget FY 2022 CR
CHANGES No. Amount| No. Amount No. Amount
B. Program:
1. Research Project Grants:
a. Noncompeting 281 $225,903 314 $250,335 33 $24,432
b. Competing 104 $70,435 76 $53,024 -28 -$17,411
c. SBIR/STTR 23 $16,210] 24 $17,040 1 $830)
Subtotal, RPGs 408 $312,548 414 $320,398 6 $7,851
2. Research Centers 4 $8,011 3 $6,375 -1 -$1,636
3. Other Research 135 $96,047 135 $97,272 0 $1,225
4. Research Training 200 $11,839 200 $12,064 0 $225
5. Research and development contracts 11 $22,246 11 $24,282 0 $2,036
Subtotal, Extramural $450,691 $460,391 $9,700
6. Intramural Research 251 $126,448 258 $128,977 7 -$2,135
7. Research Management and Support 124 $38,641 127 $39,786 3 -$479
8. Construction $0) $0 $0
9. Buildings and Facilities $0) $0 $0
Subtotal, Program 375 $615,780 385 $629,154 10 $7,087
Total built-in and program changes $13,374
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Fiscal Year 2023 Budget Graphs
History of Budget Authority and FTEs:

Funding Levels by Fiscal Year FTEs by Fiscal Year
(Dollars in Millions)
§700 40
6041 6142 6158 6292 a0 375 38
$600 3154 — —— — — . - 1y 347
§500 — — — — — — 300 —] I—
$400 — 1 — — — — 250 — — — ] —
200 — — — — —
300 — — — — — —
150 — — — — —
$200 — — — — — —
100 —| — — — —
$100 — — 1 — — — 50 — |
50 0
2019 2020 2021 2022 2023 2019 2020 2021 222 2023
Distribution by Mechanism:
FY 2023 Budget Mechanisms
(Dollars in Thousands)
$320,398,51%
Other Research, $97,272,15% I
Research Training, $12,064,2% |
Intramural Research. $128.,977.
Change by Sclected Mechanisms:
FY 2023 Estimated Percent Change from FY 2022 Mechanism
Research Project Grants 2.51%
Research Centers 20.42%
Other Research j 1.28%
Research Training 1.90%
R&D Contracts 9[15%
Intramural Research 2.00%
RMS 2.96%
-25.00% -20.00% -15.00% -10.00% -5.00% 0.00% 5.00% 10.00% 15.00%
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Organization Chart

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Organizational Structure

Office of the
Director

Eric D. Green, MLD., Ph.D., Director
Vence L. Bonham Jr., J.D., Acting Deputy Director

Division of

Division of

Division of

Division of

Division of

Division of

Intramural Genome Genomic Genomics and Extramural
Management X . . . .
Research Sciences Medicine Society Operations
Ellen Rolfes Charles Rotimi, Ph.D. Carolyn Hutter, Ph.D. Teri A. Manolio, M.D., Ph.D. Lawrence C. Brody, Ph.D. Bettie J. Graham, Ph.D.

Executive Officer

Director

Director

Director
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Budget Authority by Activity Table

NATIONAL INSTITUTES OF HEALTH
National Human Genome Research Institute

Budget Authority by Activity!

(Dollars in Thousands)

FY 2023
FY 2023 President's +/-
FY 2021 Final FY 2022 CR Budget FY 2022 CR
Program Activity FTE Amount| FTE Amount| FTE Amount| FTE Amount|
Detail
Understanding the Structure of Genomes $44,903 $44,679 $45,636) $957
Understanding the Biology of Genomes 107,084 106,817 109,090 2,273
Using Genomics to Understand the Biology of Disease 118,424 118,856 121,346 2,490
Using Genomics to Advance Medical Science 23,992 24,374 24,869 495
Using Genomics to Improve the Effectiveness of Healthcare 14,506 14,617 14,921 303
Bioinformatics, Computational Biology, and Data Science 185,644 184,777 188,731 3,954
Education and Training 28,445 28,566, 29,164 597
Genomics and Society 54,620 54,452, 55,613 1,160
Subtotal, Program Activity* $577,618 $577,139 $589,368 $12,229
Extramural Research (non-add) (453,850) (450,691) (460,391) (9,700)
Intramural Research (non-add) 239 (123,768) 251 (126,448) 258 (128,977) 7 (2,529)
Research Manag t & Support 108 $36,545| 124 $38,641| 127 $39.786 3 $1,145
TOTAL 347 $614,163] 375 $615,780] 385 $629,154 10 $13,374

" Includes FTEs whose payroll obligations are supported by the NIH
* The detail programs listed above include both Extramural and Intramural Funding
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Justification of Budget Request
National Human Genome Research Institute

Authorizing Legislation: Section 301 and Title IV of the Public Health Service Act, as amended.

Budget Authority (BA):
FY 2023
FY 2021 FY 2022 President's FY 2023 +/-
Final CR Budget FY 2022
BA $614,163,000 $615,780,000 $629,154,000 $13,374,000
FTE 347 375 385 10

Program funds are allocated as follows: Competitive Grants/Cooperative Agreements;
Contracts; Direct Federal/Intramural and Other.

Overall Budget Policy: The FY 2023 President’s Budget request for NHGRI is $629.2 million,
an increase of $13.4 million compared with the FY 2022 CR level. This increase is distributed
across all programmatic areas of basic, translational, and clinical research.

Program Descriptions

Understanding the Structure of Genomes: The recent generation of a 100 percent complete
reference of the roughly 3-billion-base human genome sequence, made possible by an
international collaborative effort that includes funding from NHGRI, the National Library of
Medicine (NLM), the National Institute of Diabetes and Digestive and Kidney Diseases
(NIDDK), the National Institute of General Medical Sciences (NIGMS), the NIH Common
Fund, the Wellcome Trust, universities across the globe, and other partners, represents a key
milestone in genomics. The gapless, comprehensive view of the human genome, now openly
accessible via the National Center for Biotechnology Information website and other sources,
provides a foundation for future efforts to answer even more complex questions about the
interplay of our DNA with health and disease than were previously possible.

NHGRI’s Genome Technology Development Program has played a leading role in supporting
research that has reduced the cost of DNA sequencing by over a million-fold since the Human
Genome Project. These efforts have not only revolutionized the study of human genomic

variation by facilitating the sequencing of hundreds of thousands of human genomes, but they
also laid the foundation for the rapid sequencing of the SARS-CoV-2 genomes in the research
and diagnostic settings as well as the development of mRNA-based COVID-19 vaccines. The
current focus of the Genome Technology Development Program has shifted to address the
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scientific and technical challenges that remain in developing genomic technologies for a wide set
of applications. Current and future awards will continue to support developing both novel
nucleic acid sequencing methods and other genomic technologies, such as approaches for the
large-scale synthesis of DNA.

These technological advances in DNA sequencing are leading to new opportunities to improve
the human genome reference sequence. To this end, NHGRI created and supports the multi-
component Human Genome Reference Program (HGRP), which aims to improve the human
genome reference sequence that is used widely by the research community and to foster its
ongoing improvement and long-term sustainability. As the HGRP investigators are working to
generate and release the first pangenome reference sequence, they are addressing important
questions, such as how to choose the most appropriate human populations for study, how to
effectively produce a complete genome sequence, how to represent a pangenome sequence in a
readily understandable fashion, and how to develop tools for productively using the pangenome
reference sequence. In the second year of the program, the HGRP conducted extensive outreach
to the scientific community in an effort to address these questions.

As DNA sequencing technologies improve, the genomics community continues to glean valuable
new insights by comparing the human genome to the genomes of various non-human organisms.
NHGRI’s Comparative Genomics Program involves research projects that are sequencing
genomes from species across the tree of life in order to characterize the genomic similarities and
differences that have emerged throughout evolution. NHGRI recognizes the importance of
partnerships in this area of science, with the Comparative Genomics Program signing on to the
National Science Foundation-led Enabling Discovery through GEnomics (EDGE) Program. In
addition, comparative genomics will contribute to our understanding of tissue-specific gene
expression at distinct developmental stages through the Non-Human Primate Developmental
Genotype-Tissue Expression (NHP dGTEx) Project that is being conducted in collaboration with
the National Institute of Mental Health and the Office of Research Infrastructure Programs.
NHGRI staff will also continue to be involved in the Inter-Agency Comparative Genomics
Interest Group and aims to continue developing other trans-agency partnerships in FY 2023 and
beyond.

Budget Policy: The FY 2023 President’s Budget request for Understanding the Structure of
Genomes is $45.6 million, an increase of $1.0 million or 2.1 percent from the FY 2022 CR level.
With these funds, NHGRI will continue to support the development of novel nucleic acid
sequencing technologies and data-analysis methods. NHGRI will also continue to fund the
efforts of the Human Genome Reference Program to produce a “pangenome” reference sequence
that is more representative of the genomic variation that exists across humanity.

Understanding the Biology of Genomes: In order to unlock the potential for scientific
discovery that will come with a detailed understanding of the human genome, efforts to detect
and characterize all functional elements in human DNA become critically important. NHGRI
continues to be a leader in this rapidly advancing area of genomics. As the well-regarded
Encyclopedia of DNA Elements (ENCODE) project, launched in 2003, finishes its final phase,
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Understanding the Impact of Genomic
Variation on Function

The completion of the Human Genome Project in
2003 marked the beginning of efforts to
comprehensively determine the function of the
human genome’s roughly 3-billion letters. An initial
first step involved identifying the ~20,000 genes in
the human genome, although much work remains
for understanding how most of these genes
function. Beyond the genes are numerous other
elements in the human genome involved in
choreographing various biological functions.

Spelling differences among people’s genomes
(genomic variation) can influence genome function,
and in fact, account for much of the differences
seen among people, including those related to their
health. Humans are 99.9 percent identical to one
another in terms of their genome sequences, with
the small remaining 0.1 percent of genomic
variation being critically important to understand,
especially as genomics becomes increasingly used
in medicine.

A 2019 NHGRI workshop and the 2020 NHGRI
Strategic Vision highlighted the importance of
improving our understanding of the interplay
between genomic variation and biological function.
This led to the creation of the Impact of Genomic
Variation on Function (IGVF) Consortium, which
aims to determine how human genomic variation
contributes to differences in various traits and
disease risk. NHGRI plans to provide the IGVF
Consortium $185 million over 5 years to fund 26
awards throughout the United States. The
awardees will work together to accomplish the
goals of the program, conducting experimental
studies and computational-based predictive
modeling that will provide insights about the impact
of genomic variants on human health and disease.
This includes generating a data resource and new
methods for use by the research community.

In forming the IGVF Consortium, NHGRI worked to
include experienced investigators who are new to
the field, those from demographic groups or
institutions that are generally underrepresented in
genomics, and those new to NHGRI consortia.
NHGRI is committed to increasing diversity in
genomics, and the IGVF Consortium provides an
opportunity for conscious inclusion of historically
underrepresented populations to ensure everyone
benefits from the ultimate health implications of
these studies.

NHGRI recently launched a new program
called the Impact of Genomic Variation on
Function (IGVF) that seeks to build on
ENCODE’s successes by systematically
examining the impact of genomic variation on
genome function and phenotypes (see
Program Portrait nearby). NHGRI has
committed $185 million over five years to
IGVF, and, in FY 2023, the program will
continue to develop innovative predictive
models, identify and characterize functional
genomic elements, and build a catalog of
variant effects that will be shared with the
research community.

Gaining a fundamental understanding of how
genomic variation influences human biology
at different times in life will be important for
using genomics in medicine. NHGRI is a key
contributor to NIH Common Fund efforts,
such as the Human BioMolecular Atlas
Program (HuBMAP) and the 4D Nucleome
(4DN) program, that seek to understand how
genomes operate across time and space. The
4DN program has made 30 awards to support
6 initiatives in its second stage, which will
facilitate research on the three-dimensional
organization of the nucleus and how it
changes over time. Researchers supported by
HuBMAP utilize the power of genomics to
understand the spatial organization and
specialization of the roughly 37 trillion cells
in the adult human body. During the
production phase of HUBMAP (FY 2022-
2026), this collaborative effort will develop a
widely accessible framework for
comprehensively mapping the human body at
single-cell resolution.

In order to ensure that investigators
throughout the research community have
access to the technologies that allow for
robust genomic analyses, NHGRI continues to
support, in partnership with other NIH
institutes and centers, the Center for Inherited
Disease Research (CIDR), which was
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established in 1996 and remains a valuable resource for the research community. In FY 2023,
CIDR will continue its mission to provide cutting-edge genomic services to NIH-funded
investigators, including large consortia such as the OncoArray Network, Population Architecture
Using Genomics and Epidemiology (PAGE), and Human Heredity and Health in Africa
(H3Africa). CIDR continues to have a sustained focus on research and development, including
that related to developing new statistical, informatics, and laboratory methods for advancing
high-throughput genotyping and sequencing studies.

Budget Policy: The FY 2023 President’s Budget request for Understanding the Biology of
Genomes is $109.1 million, an increase of $2.3 million or 2.1 percent from the FY 2022 CR
level. NHGRI will continue to fund programs that seek to understand the biology of genomes as
a key step towards advancing the use of genomics in clinical care and disease prevention. CIDR
will continue to support numerous investigators in pursuing their genomics-based research
objectives.

Using Genomics to Understand the Biology of Disease: The path to realizing the promise of
genomic medicine requires understanding not only how variation in the genome influences
biological function, but how these effects eventually contribute to human disease. The 2020
NHGRI Strategic Vision laid out a set of “bold predictions for human genomics by 2030 that
included: “The biological function(s) of every human gene will be known; for non-coding
elements in the human genome, such knowledge will be the rule, rather than the exception.” A
powerful way to understand the function of a gene is to study what happens when it is
inactivated or “knocked out.” Aiming to make progress towards this prediction, NHGRI
established the Molecular Phenotypes of Null Alleles in Cells (MorPhiC) program to develop a
catalog of molecular and cellular phenotypes that result by inactivating each human gene. This
work will help to elucidate the roles and relationships of genes in pathways and networks and
inform our understanding of how genes contribute to health and disease.

NHGRI’s Centers of Excellence in Genomic Science (CEGS) program, established in FY 2001,
aims to develop transformative approaches that address important biological and biomedical
research problems and advance genomic science. Each CEGS engages a team of
interdisciplinary scientists, ranging from basic and clinical scientists to engineers and ethicists, to
develop novel approaches and concepts that improve the ability of researchers to produce,
analyze, integrate, and use genomic data. In FY 2020, the NHGRI budget included an additional
$10 million allocation for “emerging Centers of Excellence in Genomic Science” (eCEGS),
targeting institutions which had not previously received a CEGS award. In FY 2021, this
funding increased to $12.5 million per year. These funds will be used to develop scientific
infrastructure through funding CEGS at institutions that have not previously received a CEGS
award, continuing to expand and diversify the genomics enterprise.

NHGRI has always been and remains committed to responsible, open data sharing and the
development and maintenance of resources that benefit the genomics community. The Genomic
Community Resources are a collection of awards that NHGRI supports to enable data
integration, comparison of methods, and a widening scope of genomics research. Open sharing
of genomic data and accessible resources are crucial to collaborative, interdisciplinary efforts to
elucidating the genomic bases of disease. In FY 2023, NHGRI will continue to support efforts to

NHGRI-19



ensure that shared genomic databases and resources meet the needs of the research community
and realize the promise of genomics for all populations and communities.

Budget Policy: The FY 2023 President’s Budget request for Using Genomics to Understand the
Biology of Disease is $121.3 million, an increase of $2.5 million or 2.1 percent from the FY
2022 CR level. These funds will support the CEGS/eCEGS program’s efforts in human
genomics, as well as the maintenance and expanded capacity of critical genomic databases,
catalogs, and knowledgebases that facilitate the use of genomics for studying human disease.

Using Genomics to Advance Medical Science: As genomic variation is increasingly being
associated with human phenotypes (including diseases), the resulting knowledge can be applied
in clinical care to diagnose inherited disorders, some of which will be previously unknown, and
to inform treatment. The NHGRI-funded Centers for Mendelian Genomics (CMG) have led the
way in discovering the genomic bases of rare diseases, reporting a total of 3,617 gene-disease
pairs since the program’s inception in FY 2011. In FY 2021, NHGRI committed $80 million
over five years to the new Genomics Research Elucidates Genetics of Rare Disease (GREGoR)
Consortium, which will aim to identify the genomic bases for rare diseases for which the cause is
still unknown — building on NHGRI’s already successful efforts in the area of disease-gene
discovery. The GREGoR Consortium will include five clinical sites and one data coordination
center, which will apply novel analytical approaches fueled by cutting-edge genome-sequencing
technologies to expand the set of rare diseases for which the underlying cause is known.