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UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF MASSACHUSETTS

AMERICAN PUBLIC HEALTH ASSOCIATION,
etal.,

Plaintiffs,
Case No. 1:25-cv-10787-BEM
V.

NATIONAL INSTITUTES OF HEALTH, et al.,

Defendants.

DECLARATION OF UAW MEMBER 11

I, Delaney K. Sullivan, pursuant to 28 U.S.C. § 1746, declare as follows:

1. Tam an MD/PhD student in the University of California Los Angeles (“UCLA”)-Caltech
Medical Scientist Training Program (“MSTP”) currently pursuing a PhD in biology at the California
Institute of Technology (“Caltech™). I study computational biology, writing software and algorithms for
analyzing genomics sequencing data. I was motivated to pursue biology research from a curiosity for
science and from wanting to specifically study biomedical sciences after my father passed away from
colon cancer.

2. Thold a B.S. in biology and an M.S. in computer science, both from Stanford, and have
completed two years of medical school at the David Geffen School of Medicine at UCLA. I am
passionate about applying computer science towards solving problems in biology and medicine. I am in
my fourth year of the biology PhD program at Caltech.

3. Tam a dues-paying member of United Auto Workers (“UAW?”) Local 2478.

4. My research is in developing new algorithms, methods, software, and tools for analyzing single-
cell RNA sequencing data (“RNA-seq data”). RNA-seq data is complex and large (often multiple
terabytes) and a lot of it is produced from biology experiments. Methods that efficiently analyze such
data while revealing both gene expression and genetic variants or mutations at the single-cell level will
enable novel discoveries in biology and medicine, especially in contexts like cancer, where RNA can be
abnormal in both sequence and expression. As someone with both a computer science degree and a
biology background, I was motivated to take a data-driven approach to understanding complex diseases
like cancer given how much data is already available and is being produced daily. My research, which

involves studying genetic variation and analyzing massive datasets, aligns with the mission of the
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National Institute of Health (“NIH”), National Human Genome Research Institute (“NHGRI”’), which
specifically seeks to both “maximally leverage the usability and utility of emerging datasets for genomic
studies of human health and disease” and “characterize intraindividual genomic variation and understand
its role in human disease.” A true and correct copy of an NHGRI document announcing these principles
is attached as Exhibit A.

5. On April 8, 2024, I applied for the Ruth L. Kirschstein National Research Service Award
(NRSA) Individual Predoctoral Fellowship to Promote Diversity in Health-Related Research ("F31-
Diversity”), which was assigned application number 1F31HG014118-01.

6. As described in the program announcement, PA-23-271, The purpose of the F31-Diversty award
“is to enhance the diversity of the health-related research workforce by supporting the research training
of predoctoral students from diverse backgrounds including those from groups that are underrepresented
in the biomedical, behavioral, or clinical research workforce. Through this award program, promising
predoctoral students will obtain individualized, mentored research training from outstanding faculty
sponsors while conducting well-defined research projects in scientific health-related fields relevant to
the missions of the participating NIH Institutes and Centers. The proposed mentored research training is
expected to clearly enhance the individual's potential to develop into a productive, independent research
scientist.” A true and correct copy of the synopsis for PA-23-271 is attached hereto as Exhibit B. The
online link to the full listing for PA-23-271 is no longer accessible online.

7. On September 9, 2024, the advisory council met. The role of advisory councils is to meet to
discuss applications and advise the NIH Institute (e.g. NHGRI) program director whether an application
should advance to the funding stage. The title of the proposal was “k-mer based local uniqueness
exploration.” This is the name of a novel method I am developing to pick out the parts of genes that
distinguish one human being from another human being, or that distinguish a cancer cell from a normal
cell. It received an Impact Score: 26, Percentile: 15.0.

8. Ichose the F31 diversity because, prior to applying, I was informed, per NHGRI policies, that:
(1) NHGRI does not participate in the F30 award (designed for MD-PhD students like me), and (2) the
regular F31 would not fund my medical education (only my PhD studies). That left the F31-Diversity
award (which I was eligible for given that, in accordance with the NOFO, I am part of a group that is
“underrepresented in the biomedical, behavioral, or clinical research workforce™) as the only award that
would have funded both my medical and PhD studies. With the choice of applying to the F31 (funding
PhD-only) vs. F31-diversity, I elected the F31-diversity.
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9. It took me considerable effort and around 150 hours in total to assemble the grant application.
The final PDF was 50 pages. This effort also took a good chunk of time away from my research. I
needed to secure three recommendation letters from people I had worked with in the past, write an
extensive research strategy with preliminary data, write an NIH biosketch (which is the NIH variant of a
curriculum vitae required as part of the application), and secure a sponsor letter (a document from the
Ph.D. advisor stating their means of supporting of me and affirming my qualifications). I needed to
communicate back-and-forth between myself, my advisor’s lab manager, and the Caltech grants
manager (with over a dozen emails exchanged) to ensure the application was in good shape and all
necessary forms were complete.

10. On November 22, 2024, I was informed by NHGRI (via email from Temesgen Fufa) that it “has
received programmatic concurrence for funding.” I interpret this as meaning I received a fundable score,
as | was later congratulated via NIH email on January 6, 2025, on my application being “approved for
funding”. True and correct copies of the November 22 and January 6 emails are attached at Exhibits C
and D.

11. As of April 12, 2025, however, I have not received a Notice of Award (“NOA”). I think I should
have received an NOA award by now. On an NIH webpage that answers questions about NRSA

fellowships, https://www.cancer.gov/grants-training/training/funding/general-fellowships-fag, it says

“The time between receipt of an application and funding is approximately 6-9 months.”

12. The latest status history message on eRA commons was February 12, 2025, with the note (on
page 3 of 4): “Award prepared: refer questions to Grants Management Specialist.” A true and correct
copy of this message is attached as Exhibit E. eRA Commons is the NIH website that grant applicants

log into to check their grant status; the website can be found at https:/public.era.nih.gov/commonsplus

13. I have never received any indication that my grant application was in jeopardy or that somehow
my grant application was deficient.

14. T have received no specific explanation from NIH why my application has been delayed despite
my inquiries.

15. On February 4, 2025, I wrote two NIH officials asking about the status of the NOA for my grant.
I shared my understanding that F31 diversity no longer exists — an understanding I had because on that
day (February 4, 2025), the grants.gov webpage on the F31-diversity NOFO PA-23-271 was edited with
a “closing date” of “Current Closing Date for Applications:” and an “archive date” of Mar 06, 2025 —

and my hope that I could be considered and funded through the traditional F31 mechanism. I received
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no response to my email. A true and correct copy of this February 4 email is attached as Exhibit F and a
true and correct copy of the webpage with the closing date information is attached as Exhibit G.

16. On April 9, 2025, now a year after my submission, I wrote NIH again. I pointed out that my
application was successful (as I was congratulated on being “approved for funding” via NIH email on
January 6, 2025), and an award had been prepared (“award prepared” was the status indicated on my
grant in eRA commons) but that [ was never awarded the money. I asked for a written statement in
response.

17. The next day, April 10, 2025, the Program Director of NHGRI responded saying that my
application is “still pending” and that “NHGRI Grants Management is currently understaffed” and that
they would reach out “as soon as an update is available.”

18. Based on what other applicants for F30/F31/F31-diversity grants have told me, NIH typically
does not take over a year to issue a notice of award about funding with months of silence during the
process.

19. The status of my application has caused me much emotional distress and has nearly entirely
obliterated my dreams of pursuing an academic career, knowing that I could be treated so unfairly.

20. The distress could not have come at a worse time: This is my final year of my PhD where I'm
already burdened with the dissertation writing process. I have two ongoing projects that I have been
unable to complete (one of which was the subject of the grant proposal), in part due to the anxiety of
awaiting the news of whether the award would be funded or pulled and not receiving any
communication or updates of any kind over the course of multiple months.

21. Now, it is nearly impossible that either project will be published in a peer-reviewed publication
before I graduate, leaving me uncertain whether either project will ever be published. Given my
graduation timeline (I will graduate no later than the end of this year, as most MSTP students have been
imposed with the expectation to graduate in 4 years), I cannot possibly submit another F31 application,
because the time from submission to funding takes approximately nine months, after which I will have
already graduated.

22. I will suffer both monetary loss and negative professional impact if this award is not funded.
The UCLA-Caltech MSTP program provides a $3,500 stipend increase annually for students who
receive sufficient extramural funding (such as the amount funded in an F31 award); thus I will not be
able to receive this money. Moreover, NIH NRSA awards are important to include on applications to
Physician-Scientist Training Program (“PSTP”) residency programs. As stated by one article,

https://doi.org/10.1172/jci.insight. 158467, 67% of PSTP directors in pediatrics programs consider such




Case 1:25-cv-10787-BEM  Document 38-40 Filed 04/25/25 Page 6 of 45

awards “very important or fairly important” in terms of decision-making when evaluating applicants for
their program; i.e. earning such an award will boost how “competitive” an applicant appears. Thus, it is

evident that I will be impacted professionally.

I declare under penalty of perjury that the foregoing is true and correct.
Executed this 18th day of April, 2025.

Delaney K. Sullivan
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EXHIBIT A
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Robust
foundation
for genomics

Guiding
principles
and values 4

Breaking
down
barriers

research
projects

The planning process continually encountered the realities associ-
ated withthe broad and extensive use of genomics and theimpractical-
ity of being comprehensive, which together served tofocusattention
on the most cutting-edge opportunities in human genomics. This
experience affirmed NHGRI's recently rearticulated rolein providing
genomics leadership at the NIH, embodied by our newly conceived
organizational mantra: ‘The Forefront of Genomics’. We ultimately
linked this mantra to the strategic planning process to help guide the
formulation of input. From the ensuing discussions, it became appar-
ent that responsible stewardship is a central aspect of being at (and
pushing forward) The Forefront of Genomics, specifically in the four
major areas detailed in Fig. 1, Boxes 1-4, and below.

Principles and values for human genomics

Asgenomics has matured asadiscipline, the field hasembraced agrow-
ing set of fundamental principles and values that together serve as
aguiding compass for the research efforts—some of these emerged
organically within the field, whereas others have been adopted from
the broader scientificcommunity. The growing complexities of human
genomics and its many applications (especially in medicine) at The
Forefront of Genomics make it imperative to reaffirm, sharpen, and
even extend these tenets, such as those highlighted in Box 1.

Many of these principles and values have beeninformed by therec-
ognized area of genomics that focuses on ethical, legal, and social
implications (ELSI) research?”, which was established at the beginning
ofthe Human Genome Project to ensure that the eugenics movement
and other misuses of geneticsare not repeated. ELSIresearch hassince
grown to encompass a broad portfolio of studies that examine issues
atthe interface of genomics and society, the results of which have
informed policies and laws related to genetic discrimination, intel-
lectual property, datasharing, and informed consent®®. Similar efforts
seek toensure that the benefits of genomicsareavailable toallmembers
of society®. Genomics, like other scientific fields, must reckon with
systematicinjustices and biases, fully mindful of theirimportance for
health equity.In the future, ELSIresearch needs to focus on aspects of
genomic medicineimplementationthat present challenging questions
about legal boundaries, study governance, data control, privacy, and
consent. Complex societal issues must also be studied, including the
expanded applicationofgenomicsin non-medical realms (for example,
ancestry testing, law enforcement, and genetics-based marketing of
consumer goods)?. Finally, ELSI research should also examine the
implications of studying genetic associations with bio-behavioural
traits (such as intelligence, sexual behaviour, social status, and edu-
cational attainment)? and of a future in which machine learning and
artificial intelligence are used to adapt risk communication and clini-
cal decisions based on analysing an individual’s genome sequence®.

684 | Nature | Vol 586 | 29 October 2020

Compelling
genomics

Fig.1|Four-areastrategic
framework at TheForefrontof
Genomics. Together, theindicated
progressive and interrelated areas
servetoorganize the major
elementsin the strategicvision
described here.

Robust foundation for genomics

Genomics is now routinely and broadly used throughout biomedical
research, withwidespread reliance onarobust foundation for facilitat-
inggenomicadvances. The foundation’sintegrity dependson several
key elements, including infrastructure, resources, and dynamicareas
of technology development and research. Sustaining and improving
that foundation are key responsibilities at The Forefront of Genomics,

NIH funding

1990-] ~$8 billion

2010 ~$31 billion

2020 ~$42 billion

NHGRI funding

~$516 million

~$604 million

Proportion of ‘human genomics’ funding

Total NIH funding @ NHGRI funding

1990-2003 2010 2020
(Human Genome Project)

Fig.2|Funding trends of NIHand NHGRIover the past 30 years. Thetotal
fundinglevels for the NIH (top) and NHGRI (middle) are indicated for 1990,
2010,and 2020. Also shown (bottom) is the relative proportion of funds
supporting human genomics research provided by NHGRIversus all of the NIH
for thethree corresponding timeintervals (as derived from queriesof the
internal NIH Research, Condition, and Disease Categorization database for
fundsassigned tothe‘human genome’ category). During the 30-year period
when the NHGRI budget increased roughly tenfold (middle), the proportion of
total NIH funding for human genomics researchactually increased more
markedly, from less than 5% during the Human Genome Project to around 90%
atthe beginningofthe current decade (bottom). Inessence, these trends
reflectaleveraging of NHGRI’s funds that increased NIH’s overall human
genomicsresearch funding by greater than tenfold.
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Box 1

Guiding principles and values for human genomics

« Maintain an overarching focus on using genomics to
understand biology, to enhance knowledge about disease,
and to improve human health — genomics is now foundational
across the entire continuum of biomedical research, from
deciphering fundamental principles of biology to translating that
knowledge into disease prevention and medical advances.

« Strive for global diversity in all aspects of genomics research,
committing to the systematic inclusion of ancestrally diverse
and underrepresented individuals in major genomic studies

— attention to diversity in genomics research is both socially

just and scientifically essential, which includes meaningful,
sustained partnerships with diverse communities in the design and
implementation of research studies, the propagation of research
findings, and the development and use of new technologies.

« Maximize the usability of genomics for allmembers of the
public, including the ability to access genomicsin healthcare

— engagement, inclusion, and understanding the needs of diverse
and medically underserved groups are required to ensure that all
members of society benefit equitably from genomic advances,
with particular attention given to the equitable use of genomics in
healthcare that avoids exacerbating and strives towards reducing
health disparities.

« Champion a diverse genomics workforce — the promise of
genomics cannot be fully achieved without attracting, developing, and
retaining a diverse workforce, which includes individuals from groups
that are currently underrepresented in the genomics enterprise.

« Provide a conceptual research framing that consistently
examines the role of both genomic and non-genomic
contributors to health and disease — routinely considering the

the major elements of which are highlighted in Box 2and detailedin
corresponding paragraphs below.

Genome structure and function

The pasttwo decades have broughtagreater thanmillion-fold reduction
in the cost of DNA sequencing?along with marked advancesintechnolo-
gies for functional genomics®?*% (that s, the study of how elementsin
the genome contribute tobiological processes). Further opportunities
are anticipated as the generation and analysis of genomic data become
even faster,cheaper,and moreaccurate. Near-termexpectationsinclude
enhanced capabilities for generating high-quality and complete (for
example, telomere-to-telomere and phased) genome sequences®?,
and continuedrefinementandenhanced utilization of ahuman genome
reference sequence(s) that increasingly reflects human variation and
diversity on aglobal scale® and that serves as a substrate for genome
annotation?. Technologies forgenerating DNA sequence and other data
types (forexample, transcriptomic data, epigenetic data, and functional
readouts of DNA sequences) need to be enabled at orders-of-magnitude
lower costs, atsingle-cellresolution, at distinct spatial locations within
tissues, and longitudinally over time**2, These genomic data should
be integrated with other multi-omic data (for example, proteomes,
metabolomes, lipidomes, and/or microbiomes) in sophisticated ways,
including methods that collect many data types from a single sample®
Transformative approaches will become increasingly vital for assimi-
lating, sharing, and analysing these complex and heterogeneous data
types® and must expand toinclude the integration of environmental,
lifestyle, clinical,and other phenotypicdata. These capabilities should
be incorporated into browsers, portals, and visualization tools for use
by abroadening community of researchers and clinicians.

importance of social and environmental
factors that influence human health

(and the interactions among those
components and genomics) will be
important for the comprehensive
understanding of most human diseases.
« Promote robust and consistently
applied standards in genomics research
— the use of carefully defined standards
(for example, those for generating, analysing, storing, and sharing
data) has benefited genomics in numerous ways, and this must
include appropriate privacy and data-security protections for those
participating in genomics research.

« Embrace the interdisciplinary and team-oriented nature

of genomics research — starting with the Human Genome
Project, some of the most challenging genomics endeavours

have benefited from the creation and management of large,
interdisciplinary research collaborations.

« Adhere to the highest expectations and requirementsrelated
to open science, responsible data sharing, and rigor and
reproducibility ingenomics research — the genomics enterprise
has a well-respected history of leading in these areas, and that
commitment must be built upon and continually reaffirmed.

« Pursue advances in genomics as part of a vibrant global
community of genomics researchers and funders — the
challenges in genomics require the collective energies and
creativity of a collaborative international ecosystem that includes
partnerships among researchers, funders, and other stakeholders
from academia, government, and the commercial sector.

Genome sequences have now been generated for more than 1,000
vertebrate species and areincreasingly accompanied by multi-species
annotations*. Understanding natural genomic variation, the conser-
vation of genomic elements, and the rapid evolutionary changes in
genomicregions associated with specifictraitsis crucial for attaining a
comprehensive view of genome structure andfunction. The study of a
wide range of organisms continues to be instrumental for determining
the effect of genomic variation on biological processes and pheno-
types, providinginsights about the interplay of genomic variants and
environmental pressures* and the relevance of putative pathogenic
variants identified in clinical studies®. It is essential that the genera-
tion of high-quality multi-species genomic datais accompanied by
community-acceptedstandards for data, metadata,and datainteroper-
ability. New methods would allow for integrating functional data from
diverse specieswith human data and visualizing increasingly complex
comparative genomic datasets. Continued progress in this areawould
movethe field closerto the long-term aspirational goal of understand-
ing the evolutionary history of every base in the human genome.

Genomic data science

All major genomics breakthroughs so far have been accompanied by
the development of ground-breaking statistical and computational
methods. Accordingly, continued innovationsin both traditional and
advanced methods (including machine learning and artificial intel-
ligence) should be prioritized®. These approaches must be consid-
ered from the early stages of study planning and data collection in
ways that complement and enhance, rather than inhibit, technical
progress. Furthermore, the biomedical research communityrequires
accurate, curated, accessible, secure, and interoperable genomicdata

Nature | Vol 586 | 29 October2020 | 685
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Box 2

Sustaining and improving a
robust foundation for genomics

Genome structure and function
« Enable the routine generation and
analysis of increasingly complex
genomic data
« Use evolutionary and comparative
genomic data to maximize
understanding of genome function
Genomicdatascience
« Develop new methods and build
sustainable data resources for genomics research
« Ensure facile storing, sharing, and computing on large genomic
datasets
« Develop integrated knowledgebases and informatics methods
for genomic medicine
Genomicsand society
« Understand the interrelationships between genomics and the
social and environmental factors that influence human health
« Empower people to make well-informed decisions about
genomic data and develop data-stewardship systems that
reinforce their choices
« Increase the genomic literacy of all sectors of society
Training and genomics workforce development
« Ensure that the next generation of genomic scientists are
sufficiently trained in data science
« Train healthcare providers to integrate genomics into the
clinical workflow
« Foster a diverse genomics workforce

repositories and informatics platforms that benefit all populations.
Approaches for improving the efficiency of such resources include
the use of shared storage and computing infrastructure, theadoption
of common data-management processes, and the development of
increasingly automated data-curation methods®. Carefully considered
funding strategies must be designed to support these methods and
resources, including a global, multi-funder model that ensures their
development, enhancements, and long-term sustainability®.
Recentprogress has brought substantial transformationsin howthe
petabytes of genomic data being generated each year are assimilated
and analysed, including the emergence of cloud-based and federated
approaches. Effective and efficient management of increasingly complex
genomic datasetsrequires addressing challenges with these emerging
approaches as well as innovations in the use of hardware, algorithms,
software, standards, and platforms*’. Current barriersinclude thelack
of interoperable genomic data resources (which limits downstream
access, integration, and analyses) and the absence of controlled and
consistently adopted dataand metadata vocabularies and ontologies*+*2
User-friendly systems that capture metadatainascalable, intelligent, and
cost-effective mannerand thatallow for intuitive datavisualizations are
essential. Ever-improving routines and guidelines should be formulated
to continue and even enhance responsible data sharing, requiring the
collective efforts of researchers, funders, and publishers alike; similar
attentionshould focus onensuring the use of FAIR (findable, accessible,
interoperable, and reusable) data standards and the reproducibility of
dataanalyses®.Innovationsintechnology and policy must be integrated
to develop data-stewardshipmodelsthatensure openscience andreduce
data-access burdensto advance research, includingthe use of optimally
balanced and ethically sound approaches for respecting participant

686 | Nature | Vol586 | 29 October2020

preferences and consent as well as engaging communities. Such devel-
opmentsshouldbe donein an open-source culture to build consensus
and enable the development, maintenance, and use of best-in-classtools,
pipelines, and platforms that can be applied toall datasets.

The full integration of genomics into medical practice will require
informatics and data-science advances that effectively connect the
growing body of genomic knowledge to clinical decision-making. To
make genomic information readily accessible and broadly useful to
clinicians, user-friendly electronic health record-based clinical deci-
sion supporttools mustbe created tointeract with a variety of clinical
datafromelectronic health record and other data systems (for exam-
ple, laboratory, pharmacy, and radiology) as well as non-computable
reports, such as those provided as portable document format (PDF)
files****, These efforts require well-curated, highly integrated, and
up-to-date knowledgebases that connect genomic information to
clinical characteristics, other phenotypic data, and information on
family health history*. Reliable risk-stratification and preventionalgo-
rithms, including polygenic risk scores (PRSs)*, must be developed and
should incorporate both common and rare genomic variants froma
broadrange of population subgroups, phenotypic data, and environ-
mental information into the risk modelling®. Such algorithms should
be evaluated both for their validity across many populations and for
their effect on patient outcomes and subsequent healthcare utiliza-
tion. Finally, it will be important to evaluate new genomics-oriented
clinical decision support tools to ensure that they are acceptable to
practitioners across the spectrum of clinical disciplines.

Genomics and society

Understanding the role of genomics in human health requires knowl-
edge andinsights about how social, environmental, and genomic risk
factors interact to produce health outcomes***° (Box 1). Given that
such interactionsare, in general, poorly understood, it is crucial that
studies of genomic risk (particularly of common, complex diseases)
account for thesocialand environmental factors that influence health
and disease®. These factors must be properly described, measured,
and incorporated in genomic studies®.. Optimal implementation of
genomic medicine will require an understanding of how the intersec-
tional aspects of people’s social and political identities influence the
waysinwhich populationsaredescribed inresearch. Such knowledge
will, inturn, provide clarity about the interrelationships among these
many influences on health and disease.

People want to be able to make well-informed decisions about their
genomic data, leading to the engagement effortsininitiativessuchas
the UK Biobank®and the ‘Allof Us’Research Program®. Partnering with
communities and individuals is fundamental to engaging participants
insuch large-scaleresearch. Genomicsresearchers mustincorporate
models and methods of community engagement in their experimen-
tal design. Such studies must be appropriately adapted for different
cultures and designed toreduce inequities and healthcare disparities;
they must also be accompanied by effective information dissemina-
tion®*. Anunrelenting focus on the optimal ways to conductresearchin
partnership with data stakeholders and communities would ensure the
identificationofthekey issues and values influencing peoples’ choices
about the provision of personal data for research®*¢, Data-stewardship
infrastructures thatintegrate appropriate policies, technologies®,and
governance and legal frameworks must be developed and assessed to
ensure alignment between communities’ and individuals’ decisions
about their data and the practices of researchers and clinicians.

To fully realize the benefits of genomic advances, a working under-
standing of thebasic concepts of genomics will beimportant forscience
educators®, healthcare professionals®, policymakers, and the public®.
Several educational strategies will inevitably be required to enhance the
genomic literacy of these heterogeneous groups, which pointstotheneed
forinnovative approaches thatare shared, assessed, and improved over
time. Agrowing evidence base shows thatincreasing theunderstanding
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Box 3

Breaking down barriers that
impede progress in genomics

Laboratory and computational
technologies
« Transform the study of the functional
consequences of genomic variation
by enhancing the scale of DNA
synthesis and editing
« Maximally leverage the usability
and utility of emerging datasets for
genomic studies of human health
and disease
Biological insights
« Establish the means to determine the functional consequences
of genomic variants affecting human health and disease
« Characterize intraindividual genomic variation and understand
its role in human disease
Implementationscience
» Develop and assess strategies for implementing the use of
genomic information in clinical care
« Test public health approaches for implementing
population-wide genomic screening

of key genomics concepts and applications attracts students to careers
ingenomics®, assists with the use of genomics for addressing health dis-
parities®, and facilitates the uptake of genomic medicine®. Curriculafor
enhancinggenomic literacy must be designed tobe accessible, effective,
andscalable foruseinthe full range of settings where genomics education
isprovided—including primary and secondary schools, sciencemuseums,
and informal science-education venues.Researchersand educators must
also disseminateinformation about both the science of genomics aswell
as the key ethical and societal implications of genomics®*.

Training and genomics workforce development
Appropriateskillsindata science and data stewardshipare now prereq-
uisites for becoming a genomics researcher®. Furthermore, given the
ever-expanding use of genomics inbasic, translational, social, behav-
ioural, and clinicalresearch, a greater number of scientists will require
fundamental data-science skills that are appropriate for the genomic
applications being used®. Establishing and maintaining data-science
competencies for conducting genomics research requires a series of
interrelated educational and training efforts?, including the recruit-
mentofmany datascientistsinto genomics and the reciprocal exchange
of expertise between genomics researchers and data scientists.
Moving into healthcare, providers must be poised to manage ques-
tions from patients whoreceive genomic information, including that
from direct-to-consumer (DTC) testing, and this applies to the full
spectrum of medical professionals (including nurses, pharmacists,
physicians, and other clinicians)®. Education modules tailored to spe-
cific user groups should be designed to adapt rapidly to advances in
genomics and data-science technologies; these should be available
on demand and, where appropriate, integrated into existing clini-
cal systems®. Research on the methodologies for train-the-trainer
approaches, implementation of standards and competency-based
education, and strategies for enhancing genomic literacy among all
healthcare providers atall career stages’ should also be pursued. The
involvement of patients, caregivers, educators, professional organi-
zations”, and accreditation boards will be crucial to ensure success.
Importantly, cross-training inrelevant aspects of genomics must also

be available for specialists working in or around healthcare systems,
including (but notlimited to) those involved in health services research,
health economics, law, bioethics, and social and behavioural sciences.

Inbothresearchandclinical settings, the global genomics workforce—
aswith thegeneral biomedicalresearch workforce—falls considerably
short of reflecting the diversity of the world’s population (avivid exam-
ple of thisis seen in the United States’?), which limits the opportunity of
those systematically excluded to bring their unique ideas toscientific
and clinical research?. To attain a diverse genomics workforce, new
strategies and programs to reduce impediments to careeropportunities
ingenomicsarerequired, as are creative approaches to promote work-
force diversity, leadership in the field, and inclusion practices. Efforts
mustintentionally include women, underrepresented racialand ethnic
groups, disadvantaged populations, and individuals with disabilities.
Initiatives should not focus exclusively on early-stage recruitment;
instead, they must alsoinclude incentivestorecruitand retain adiverse
workforceatall career stages™ as well as new approaches for cultivating
the next generation of genomics practitioners.

Breaking down barriers in genomics

Genomics hasbenefited enormously fromthe proactive identification of
major obstaclesimpeding progress and the subsequent focused efforts
tobreak down those barriers. Prototypic successesinclude the callfora
‘[US]$1,000 human genome sequence’ after completion of the Human
Genome Project™ and proposed actions to facilitate genomic medicine
implementation in2011%; in these cases, both the risks of failure and the
benefits of success were high. Onceagain, breakingdownbarriers, as high-
lighted inBox3 and detailed below, would accelerate progress and create
newresearch and clinical opportunities at The Forefront of Genomics.

Laboratory and computational technologies
Advancesin DNAsynthesisandgenome editing allow the field of genomics
to progress from largely observational (‘reading DNA’) to more experi-
mental (‘writing’ and ‘editing’ DNA) approaches. Enabling true ‘synthetic
genomics’ (thatis, the synthesis, modification, and perturbation of
nucleicacid sequences atany scale) will allow for more powerful experi-
mental testing of hypotheses about genome variation and functionand
improve opportunities for linking genotypes to phenotypes”™. Genome
editingisincreasingly being used for practical applicationsin medicine
(such asingene therapy™), biotechnology, and agriculture. Despiterecent
triumphs, however, the current approaches are limited in their ability
to interrogate genome function at the pathway or network level and
to study important phenomena, such as gene regulation and chromo-
some organization and mechanics, that involve factors that act across
large chromosomal (or genomic) distances. Furthermore, radically new
capabilities for understanding how the full complement of genomic vari-
ationwithin any individualgenome contributes tophenotypeshould be
pursued. Innovative approaches for generating nucleic acid molecules
with defined sequences and of any size, coupled with technologies that
allow for the concurrent and large-scale perturbation of many genes
or simultaneous examination of multiple genomic variants, would be
transformative. These advanceswould benefit fromthe development of
methods tointroduce large synthetic constructs into mammalian cells.
In recent years, large human genomics projects have oftenrelied
on datagenerated as part of existing research studies, and emerging
approaches involve developing biobanks and organized cohorts” 7.
Meanwhile, DTC companies are generating substantial amounts of
genomicdata, and those efforts are rapidly being eclipsed by thatbeing
generated inthe clinical care setting®. Properly leveraged, these DTC and
clinical data offer opportunities for genomics-basedstudiesat unprec-
edentedscales; however, these data are often heavily fragmented, siloed,
and mostly outside the purviewofgenomics researchers and their typical
funders®. Eliminating the barriers toaccessing these sources of datafor
conductingresearch s essential, but this will require resolving issues
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Box 4

Compelling genomics research
projects in biomedicine

« Acquire an increasingly comprehensive
view of the roles and relationships
of genes and regulatory elements in
pathways and networks

« Determine the genetic architecture of
most human diseases and traits

« Design studies that include diverse
ancestral populations to enable
scientific discoveries and genomic
medicine for all

» Understand how the use of genomics can influence concepts of
health, disease, responsibility, identity, family, and community

« Extend multi-omic studies of human disease and health into
clinical settings

« Design and use genomic learning healthcare systems for
knowledge generation and improvements in clinical care

related to governance, policy infrastructure, and informatics and work-
flowsolutions.Approachesareneeded tomitigate theresultinggaps, lim-
itations, and biases within this highlydistributed dataenvironment (for
example, withregardsto population diversity, data-collection strategies,
data standards, and data privacy), all while addressing concerns of the
patients, participants, and groups. These challenges must be addressed
globally® (Box1), soas toaccommodate differencesin healthcare systems
and views about data privacy. In addition, the healthcare stakeholders
should take advantage of opportunities offered by genomics, thereby
enabling virtuous-cycle routes between genomic learning healthcare
systems and basic genomics research®? (Fig. 3).

Biological insights
Despite progress in identifying genomic variants that cause mono-
genic traits or are statistically associated with complex phenotypes,
determiningthe connection of specific variants to phenotypes remains
challenging®. Systematic approaches, including tactics that connect
high-throughput molecular readouts of functional genomic assays to
organismal phenotypes, are required to establish the phenotypic con-
sequencesofall genomic variants—individually and incombination—in
acell-type context across the life span®. Progress in this area requires
global collaboration®, advances inintegrating several data typesand per-
forming perturbationassays, protein localization or interaction experi-
ments,and animal models, as well asresources cataloguing information
about the fitness consequences of de novo mutations and the clinical
relevance of genomicvariants®.Becauseitis not possible todirectly test
every variantinall cell types and states, developmental stages, and dis-
ease processes, newdata-collection strategiesand analytical approaches
are needed that can generalize and adapt predictions to new contexts,
handle sparse data, and prioritize variants for experimental follow-up.
Recentadvances have led to a greater appreciation of the extent of
mosaicism—that is, genomic variation among cells (both somatic and
germline) within an individual. Although there have been remarkable
advancesinunderstanding the somaticgenomic changes encountered
incancer®, thereisa paucityof detailed knowledge about other effects
of mosaicism beyond afew well-studied examples¥. Importantareas of
futureresearchinclude investigating the prevalence and extent of differ-
ent forms of mosaic variationin both nuclear and mitochondrial DNA,
the mechanisms that generate mosaicism, and the roles of mosaicism
in physiology and human disease. Such efforts might reveal whether
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this form of genomic variation contributes to variable penetrance
and expressivity, comprises a form of genetic epistasis, explains any
currently undiagnosed diseases or sporadic cases (or apparent phe-
nocopies) of known inherited diseases’, or can inform the design of
therapies for genetic diseases. Single-cell genomic technologies have
extended knowledge about the functional effects of mosaicismin differ-
entexperimental systems®™®, with the next challengebeing to translate
suchsingle-cell understanding toin vivo settings. The development of
laboratory and clinical approaches to readily detect genomic mosaicism
at highspatial and temporal resolutions, especiallyin non-invasive ways
(for example, requiring minimal amounts of tissue), would be catalytic.

Implementation science
A crucial barrier to using genomics for improving health and pre-
venting disease is the lack of clinical uptake of proven genomic
interventions. Implementation science approaches are needed
to identify the most effective methods and strategies for facilitat-
ing the use of evidence-based genomic applications, most notably
pharmacogenomics-based selection of medications®®, in routine clini-
cal care.New experimental designs, such as genotype-specific partici-
pantrecruitment® or integration of patient-provided genomic data®?
(captured duringprevious healthcare encounters or fromDTC sources),
should be explored for their potential to speed adoption and limit
costs. The effectiveness of centralized resources for genomic refer-
rals (for example, genomic medicine specialists, consult services™®,
and centres of excellenceinundiagnosed diseases—akin to transplanta-
tion centres or cancer centres) should be explored as potential step-
pingstones to the more generalized uptake of genomics in clinical
care. Strategies for deploying the limited workforce of highly trained
genetics or genomics specialists (for example, systematicreferral net-
worksor telemedicine or telecounseling) should also be evaluated for
their effectiveness atincreasing the availability of services broadly—as
opposed to being limited to select, highly specialized centres.
Universal newborn genetic screening may represent the most vis-
ible and successful approach to population-based identification of
serious and treatable inherited conditions, but population screening
across thelifespanfor other genetic conditionsis less widely accepted.
Standard public health screening approaches for the US Centers for
Disease Control and Prevention Tier 1 conditions®** (for example,
Lynch syndrome, hereditary breast and ovarian cancer, and familial
hypercholesterolemia)identify people atrisk through blood relatives
ofaffected individuals (referred to as‘cascade testing’ by geneticists”).
Implementation research methods, coupled with effective science
communication, are primed for optimizing approaches to engage
individualsin genetic testing for these disorders, in addition to other
emergingindications, such as genetic predisposition to adverse drug
effects (pharmacogenomics), carrier testing of prospective parents, use
of PRSsin disease detection and prevention*, and genomic indicators
(forexample, gene-expression and epigenetic patterns) of exposure to
infectious pathogens® and other environmental agents.

Compelling genomicsresearch projects
The field of genomics has routinely benefited from a willingness to
articulate ambitious—often audacious—research efforts thataim to
address questions and acquire knowledge that (at the time) may seem
outofreach.Such boldness has served tostimulate interestin emerging
opportunities, recruit new expertise, galvanize international collabora-
tionsinvolving several funders, and propel the field forward. Although
by nomeans comprehensive, the areas highlighted in Box 4 and detailed
belowillustrate the broadening range of compelling research projects
that are ripe for pursuit at The Forefront of Genomics.
Advancesinunderstanding gene regulation®%, the myriad functional
roles of RNA%,and the multi-dimensional nature of the nucleome'® —cou-
pled with the use of single-cell genomic approaches***! and anticipated
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Fig.3|Virtuouscyclesin human genomics research and clinical care.

As humangenomics has matured asadiscipline, productive and connected
virtuous cycles of activity have emerged, each self-improving with successive
rounds of new advances. The cycle on the left reflects basic genomics research,
inwhich technology innovations spur the collection and analysis of genomics
research data, oftenyielding new knowledge and further hypotheses for
testing. The cycleontheright reflects agenomiclearning healthcare system,

newtechnologicaland computational capabilities for analysing genomic
datasets and variants—provide an unprecedented opportunity to decipher
theindividual and combined roles of each gene and regulatory element.
This must start with establishing the function of each humangene, includ-
ingthe phenotypic effects of human gene knockouts. Because genes and
regulatory elements do not function inisolation, itisimperative to build
robust experimental and computationalmodels that deduce causal rela-
tionships and accurately predict cellular and organismal phenotypes
using pathway and network models'®"'2, Analysis methods must address
functional redundancy as well as the nearly boundless experimental space
and complexity, including cell states and fates, temporal relationships,
environmental conditions, and individual genetic background.

Building on the recent successes in unravelling the genetic under-
pinnings of rare and undiagnosed diseases’, the field is poised to gain
amore comprehensive understanding of the genetic architecture of
all human diseases and traits'®®. However, myriad complexities can
be anticipated. For example, any given genomic variant(s) may affect
more than one disease or trait (that s, pleiotropy); can confer disease
risk orreduceit; and can act additively, synergistically, and/or through
intermediates. New methods to analyse data that account for human
diversity'®, coupled with a growing clarity about genotype—phenotype
relationships, must be developed to deduce associations and interac-
tions among genomic variants and environmental factors, improve
estimates of penetrance and expressivity, and enhance the clinical
utility of genomic information for predicting risk, prognosis, treatment
response, and, ultimately, clinical outcomes.

Prioritizing the generation of genomic and corresponding phe-
notypic data from ancestrally diverse participants is a scientific
imperative'® and essential for achieving equitable benefits from
genomic advances'® (Box 1). However, this is an area in which genom-
ics has repeatedly fallen short”, leading to missed opportunities for
understanding genome structure and function, identifying variants
conferring risk for common diseases'®®, and implementing genomic
medicine for the benefit of all'® %, Ideally, studies should be designed
for different groups, adapted for local sensibilities and situations,
and consistent in capturing key information beyond participants’
ancestry (for example, the physical and social environments in which
they live and receive healthcare!®). Leveraging new insights from

Outcomes data
collection

Outcomes data
analysis

inwhichtheimplementation of new genomic medicine practiceinnovations
allows for the collection and analysis of outcomes data, often yielding new
genomic knowledge and additional genomics-based strategies forimproving
the quality of clinical care. Note that the new knowledge emerging from either
theleftortherightcycle hasthe potential to feed into the other, creating
opportunities for ‘benchtobedside’ and ‘bedside back tobench’
progressions®?—both of which are expected to grow in the coming decade.

studies of diverse populations will require the development of robust
methods foridentifying signatures of natural selection, performing
genotype imputation, mapping disease loci, characterizing genomic
variant pathogenicity, and calculating PRSs''%, Success in these
efforts will yield amore-complete understanding of how the human
genome functionsin different environments and offer benefit to those
participating ingenomics research. Attaining the level of population
diversity that will truly benefit all people requires bold scientific and
community-based leadership, dedicated resources from funders,
highly committed researchers, and effective partnerships that earn
the trust of diverse groups of participants and their communities.

Asgenomics has grownin medicine and society, its potential toinflu-
ence people’s actions has also expanded. Increasingly, genomics has
affected concepts of health, disease, responsibility, family, identity, and
community, raising many important and changing questions. When
and how is genomic information shared and communicated within
families™? Will the identification of a strong genetic risk for a disease
change a person’s perception of their health or others’ perception of
that person? As some genetic risks are more commonin certain identifi-
able populations, what role does group affiliation have in how risk is
communicated and perceived, including potential group stigmatiza-
tion? Research that catalogues, analyses, and measures the effect of
genomics on individuals, families, and communities is important to
provide amore informed context to avoid future misrepresentations,
misunderstandings, and misuses of genomics®. Finally, researchers
must appreciate how their own backgrounds and experiences shape
their interpretations of genomic data™.

Extending genomics research in clinical settings beyond DNA
sequencetoinclude other multi-omic data, together with clinical vari-
ables and outcomes, would advance understanding of disease onset
and progression and may also prove important for drug-discovery
efforts™™, This would require tissue- and cell-specific analyses that
integrate these data, providing real-time snapshots of biological
and disease processes. For clinical applicability and adoption, these
high-dimensional, multi-omic data should be integrated with clini-
cal decision support tools and electronic health records. Ultimately,
such efforts could reveal important relationships among genomic,
environmental, and behavioural variation and facilitate a transition of
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Box 5

Bold predictions for human
genomics by 2030

Some of the most impressive genomics achievements, when
viewed in retrospect, could hardly have been imagined ten years
earlier. Here are ten bold predictions for human genomics that
might come true by 2030. Although most are unlikely to be fully
attained, achieving one or more of these would require individuals
to strive for something that currently seems out of reach. These
predictions were crafted to be both inspirational and aspirational in
nature, provoking discussions about what might be possible at The
Forefront of Genomics in the coming decade.

1. Generating and analysing a complete human genome
sequence will be routine for any research laboratory, becoming
as straightforward as carrying out a DNA purification.

2. 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.

3. The general features of the epigenetic landscape and
transcriptional output will be routinely incorporated into

predictive models of the effect of genotype on phenotype.

4. Research in human genomics will have moved beyond population
descriptors based on historic social constructs such as race.

5. Studies that involve analyses of genome sequences and
associated phenotypic information for millions of human
participants will be regularly featured at school science fairs.

6. The regular use of genomic information will have transitioned
from boutique to mainstream in all clinical settings, making
genomic testing as routine as complete blood counts.

7. The clinical relevance of all encountered genomic variants will
be readily predictable, rendering the diagnostic designation
‘variant of uncertain significance (VUS)’ obsolete.

8. An individual's complete genome sequence along with
informative annotations will, if desired, be securely and readily
accessible on their smartphone.

9. Individuals from ancestrally diverse backgrounds will benefit
equitably from advances in human genomics.

10. Breakthrough discoveries will lead to curative therapies
involving genomic modifications for dozens of genetic diseases.

the use of genomics in medicine from diagnosing and treating disease
to maintaining health.

Sharpbarriersbetween research and clinical care obstruct the virtuous
cycle of movingscientific discoveries rapidly into clinical care and bring-
ing clinical observations back to the research setting® (Fig. 3). Learning
healthcare systems—in which real-time data on outcomes of healthcare
delivery areaccessed and used to enhance clinical practice—canlead to
continuous careimprovement, butonly ifthe barriers betweenresearch
and clinical care are reduced™. For example, offering genome sequenc-
ing to all members of a healthcare system, performed in conjunction
with research and participant engagement and provided in real time®!,
could help to assess the clinical utility of genomic information and
may allow providers to improve disease diagnosis and management.
System-wide implementation of such an experiment requires not only
extensive patient and provider education, sophisticated informatics
capabilities, and genomics-based clinical decision support, but also the
development and evaluation of data security and privacy protections
to ensure patient confidentiality™. Patients should be engaged in the
design of such systems and informed at entry to them (and periodically
thereafter), soasto be fully aware of the nature of the ongoing research
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with their clinical dataand the goals and potential risks of their participa-
tion', Extending such studies across many healthcare systems should
reveal common challenges and solutions"®"’, thereby enhancing the
learning healthcare model for genomic medicine more broadly (Fig. 3).

Concluding thoughts

The dawn of genomics featured the launch of the Human Genome Pro-
jectinOctober1990’. Three decades later, the field has seen stunning
technological advances and high-profile programmatic successes,
which in turn have led to the widespread infusion of genomic meth-
ods and approaches across the life sciences and, increasingly, into
medicine and society.

NHGRI has for the third time®> since the Human Genome Project
undergone an extensive horizon-scanning process to capture, syn-
thesize, and articulate the most compelling strategic opportunities
for the next phase of genomics—with particular attention to elements
that are most relevant to human health. The now near-ubiquitous
nature of genomics (including in the complex healthcare ecosystem)
presented practical challenges for attaining a holistic assessment of
the field. Another reality was that the NHGRI investment in genomics
has now been multiplied many-fold by the seeding of human genomics
throughout the broader research community. These changes reflect
a continued maturation of both the field (in general) and NHGRI
(more specifically), nicely aligning with the institute’s evolving leader-
ship role at The Forefront of Genomics.

Embracingthat role, NHGRIformulated the strategic vision described
here, which provides an optimistic outlook that the successesinhuman
genomics over the past three decades will be amplified in the coming
decade. Many of the details about what is needed to fulfil the promise of
genomics have now comeinto focus. Major unsolved problems remain—
among them determiningthe role for the vast majority of functional ele-
mentsinthe human genome (especially those outside of protein-coding
regions), understanding the full spectrum of genomic variation (espe-
cially thatimplicated in human disease), developing data-science capabili-
ties (especially those that keep pace with datageneration), andimproving
healthcare through the implementation of genomic medicine (especially
inthe areas of prevention, diagnosis, and therapeutic development).
The new decade also brings research questions related to the societal
implications of genomics, including those related to social inequities,
pointingtothe continued importance of investigating the ethical, legal,
andsocialissuesrelated to genomics. But now more than ever, solutions
tothese problems seem to be withinstriking distance. Towards thatend
(andwith the characteristic spirit of genomics audacity), we offer tenbold
predictions of what might be realized inhuman genomics by 2030 (Box 5).

The strategic vision articulated here was crafted on behalf of the field
of human genomics and emphasizes broad strategic goals as opposed
to implementation tactics. The realization of these goals will require
further planning in conjunction with the collective creativity, ener-
gies, and resources of the global community of scientists, funders, and
research participants. NHGRI has taken some initial steps toimplement
thisvision, although these willinevitably need to be adapted as advances
occur and circumstances change. Indeed, the final words of this strategic
vision were formulated as the world moved urgently to deal with the
coronavirus disease 2019 (COVID-19) pandemic (see below), providing
avividreminder of the need to be nimble and theimportance of nurtur-
ing all parts of the research continuum—from basic to translational to
clinical—for protecting public health and advancing medical science.

Despite the seismic changes seen in genomics since the inception of
thefield, the fundamental sense of curiosity, marvel, and purpose associ-
ated with genome science seems to be timeless. In concluding NHGRI's
previous strategic vision'>—published just under a decade ago —the
then-envisioned opportunities and challenges were provided with“... a
continuing sense of wonder, acontinuing need for urgency, acontinuing
desire to balance ambition with reality, and a continuing responsibility



Case 1:25-cv-10787-BEM  Document 38-40

Filed 04/25/25 Page 16 of 45

to protect individuals while maximizing the societal benefits of genom-
ics....” Withthe 2020 strategic vision described here providing athought-
ful guide and with enduring feelings of wonder, urgency, ambition, and
social consciousness providing unfettered momentum, we are ready
to embark on the next exciting phase of the human genomics journey.

Epilogue: COVID-19 and genomics

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
emerged asaglobal threat to public health at the end of the multi-year
process that generated the above strategic vision. Nonetheless, the
COVID-19 pandemic provides a potent lesson about how a tiny string
of nucleic acids can wreak global havoc on humankind. Understanding
the mechanismsinvolved in the transmission of the virus, viral invasion
and clearance, as well as the highly variable and at times disastrous
physiological responses to infection, are fertile grounds for genom-
ics research. Genomics rapidly assumed crucial roles in COVID-19
research and clinical care in areas such as (1) the deployment of DNA-
and RNA-sequencing technologies for diagnostics, tracking of viral
isolates, and environmental monitoring; (2) the use of synthetic nucleic
acid technologies for studying SARS-CoV-2 virulence and facilitating
vaccine development; (3) the examination of how human genomic
variationinfluences infectivity, disease severity, vaccine efficacy, and
treatmentresponse; (4) theadherenceto principles and values related
to open science, data sharing, and consortia-based collaborations;
and (5) the provision of genomic data science tools to study COVID-19
pathophysiology. The growing adoption of genomic approaches and
technologiesintomyriad aspects of the global response to the COVID-19
pandemicserves asanotherimportant and highly visible example of the
integral and vital nature of genomics in modernresearchand medicine.

1. The Human Genome Project; https://www.genome.gov/human-genome-project
(accessed 28 June 2020)

2. Lander, E. S. et al. Initial sequencing and analysis of the human genome. Nature 409,
860-921(2001).

3. International Human Genome Sequencing Consortium. Finishing the euchromatic
sequence of the human genome. Nature 431, 931-945 (2004).

4. NHGRI. The cost of sequencing a human genome; https://www.genome.gov/
about-genomics/fact-sheets/Sequencing-Human-Genome-cost (accessed 12 June 2020)

5. Moore, J. E. et al. Expanded encyclopaedias of DNA elements in the human and mouse
genomes. Nature 583, 699-710 (2020).

6. Shema, E., Bernstein, B. E. & Buenrostro, J. D. Single-cell and single-molecule epigenomics
to uncover genome regulation at unprecedented resolution. Nat. Genet. 51, 19-25 (2019).

7.  The 1000 Genomes Project Consortium et al. A global reference for human genetic
variation. Nature 526, 68-74 (2015).

8.  Karczewski, K. J. et al. The mutational constraint spectrum quantified from variation in
141,456 humans. Nature 581, 434-443 (2020).

Analysis of a large dataset of exome sequences, yielding important descriptions of the
extent and nature of human genomic variation and insights into protein evolution.

9. Posey, J. E. et al. Insights into genetics, human biology and disease gleaned from family
based genomic studies. Genet. Med. 21, 798-812 (2019).

10. Claussnitzer, M. et al. A brief history of human disease genetics. Nature 577,179-189
(2020).

1. Manolio, T. A. et al. Opportunities, resources, and techniques for implementing genomics
in clinical care. Lancet 394, 511-520 (2019).

12.  Mardis, E. R. The impact of next-generation sequencing on cancer genomics: from
discovery to clinic. Cold Spring Harb. Perspect. Med. 9, a036269 (2019).

13.  Bianchi, D. W. & Chiu, R. W. K. Sequencing of circulating cell-free DNA during pregnancy.
N. Engl. J. Med. 379, 464-473 (2018).

14.  Wright, C. F., FitzPatrick, D. R. & Firth, H. V. Paediatric genomics: diagnosing rare disease
in children. Nat. Rev. Genet. 19, 253-268 (2018).

15. Collins, F. S., Green, E. D., Guttmacher, A. E. & Guyer, M. S. A vision for the future of
genomics research. Nature 422, 835-847 (2003).

16. Green, E. D. & Guyer, M. S. Charting a course for genomic medicine from base pairs to
bedside. Nature 470, 204-213 (2011).

17. McEwen, J. E. et al. The Ethical, Legal, and Social Implications Program of the National
Human Genome Research Institute: reflections on an ongoing experiment. Annu. Rev.
Genomics Hum. Genet. 15, 481-505 (2014).

18. Burke, W. et al. The translational potential of research on the ethical, legal, and social
implications of genomics. Genet. Med. 17, 1-9 (2014).

19. Popejoy, A. B. & Fullerton, S. M. Genomics is failing on diversity. Nature 538, 161-164 (2016).
Comprehensive analysis of genome-wide association studies, demonstrating
continued severe underrepresentation of individuals of African and Latin American
ancestry and Indigenous peoples.

20. Wolf, S. M. et al. Integrating rules for genomic research, clinical care, public health
screening and DTC testing: creating translational law for translational genomics.

J. Law Med. Ethics 48, 69-86 (2020).

21.

22.

28.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.
54.

Adam, D. The promise and peril of the new science of social genomics. Nature 574,
618-620 (2019).

Summary of recent studies examining the genetics of bio-behavioural traits,
highlighting dangers to groups and society of over-interpreting results in this new field.
Dias, R. & Torkamani, A. Artificial intelligence in clinical and genomic diagnostics.
Genome Med. 11, 70 (2019).

Schloss, J. A., Gibbs, R. A., Makhijani, V. B. & Marziali, A. Cultivating DNA sequencing
technology after the human genome project. Annu. Rev. Genomics Hum. Genet. 21,
117-138 (2020).

Retrospective overview of the NHGRI program for advancing DNA-sequencing
technologies, the goal of which was to reduce the cost of sequencing a human genome
to $1,000.

ENCODE: Encyclopedia of DNA Elements; https://www.encodeproject.org/ (accessed
24 June 2020).

Risca, V. I. & Greenleaf, W. J. Unraveling the 3D genome: genomics tools for multiscale
exploration. Trends Genet. 31, 357-372 (2015).

Logsdon, G. A., Vollger, M. R. & Eichler, E. E. Long-read human genome sequencing and
its applications. Nat. Rev. Genet. https://doi.org/10.1038/s41576-020-0236-x (2020).
Miga, K. H. et al. Telomere-to-telomere assembly of a complete human X chromosome.
Nature 585, 79-84 (2020).

Demonstration of the use of emerging DNA-sequencing technologies, analysis
methods, and validation routines to produce the first gapless de novo assembly of a
human chromosome sequence.

Human Pangenome Reference Consortium. Diverse human references drive genomic
discoveries for everyone; https://humanpangenome.org/ (accessed 29 June 2020)
Zerbino, D. R., Frankish, A. & Flicek, P. Progress, challenges, and surprises in annotating
the human genome. Annu. Rev. Genomics Hum. Genet. 21, 55-79 (2020).

Rood, J. E. et al. Toward a common coordinate framework for the human body. Cell 179,
1455-1467 (2019).

Stuart, T. & Satija, R. Integrative single-cell analysis. Nat. Rev. Genet. 20, 257-272 (2019).
Mimitou, E. P. et al. Multiplexed detection of proteins, transcriptomes, clonotypes and
CRISPR perturbations in single cells. Nat. Methods 16, 409-412 (2019).

Schreiber, J., Durham, T., Bilmes, J. & Noble, W. S. Avocado: a multi-scale deep tensor
factorization method learns a latent representation of the human epigenome. Genome
Biol. 21, 81(2020).

Cunningham, F. et al. Ensembl 2019. Nucleic Acids Res. 47 (D1), D745-D751(2019).
Lewin, H. A. et al. Earth BioGenome Project: Sequencing life for the future of life. Proc.
Natl Acad. Sci. USA 115, 4325-4333 (2018).

Lindblad-Toh, K. What animals can teach us about evolution, the human genome, and
human disease. Ups. J. Med. Sci. 125, 1-9 (2020).

Schatz, M. C. Biological data sciences in genome research. Genome Res. 25, 1417-1422
(2015).

Wilkinson, M. D. et al. The FAIR Guiding Principles for scientific data management and
stewardship. Sci. Data 3, 160018 (2016).

Description of foundational principles to improve data sharing and stewardship by
ensuring that biomedical research data (including genomic data) are findable,
accessible, interoperable, and reusable.

Anderson, W. et al. Towards coordinated international support of core data resources for
the life sciences. Preprint at https://www.bioRxiv.org/content/10.1101/110825v3 (2017).
Grossman, R. L. Data lakes, clouds, and commons: a review of platforms for analyzing
and sharing genomic data. Trends Genet. 35, 223-234 (2019).

Haendel, M. A., Chute, C. G. & Robinson, P. N. Classification, ontology, and precision
medicine. N. Engl. J. Med. 379, 1452-1462 (2018).

Martinez-Romero, M. et al. Using association rule mining and ontologies to generate
metadata recommendations from multiple biomedical databases. Database (Oxford)
2019, 59 (2019).

Levy, K. D. et al. Opportunities to implement a sustainable genomic medicine program:
lessons learned from the IGNITE Network. Genet. Med. 21, 743-747 (2019).

Williams, M. S. et al. Genomic information for clinicians in the electronic health record:
Lessons learned from the clinical genome resource project and the electronic medical
records and genomics network. Front. Genet. 10, 1059 (2019).

Lemke, A. A. et al. Primary care physician experiences utilizing a family health history tool
with electronic health record-integrated clinical decision support: an implementation
process assessment. J. Community Genet. 11, 339-350 (2020).

Khera, A. V. et al. Genome-wide polygenic scores for common diseases identify individuals
with risk equivalent to monogenic mutations. Nat. Genet. 50, 1219-1224 (2018).
Development and validation of genome-wide polygenic scores that identify population
subsets with risk levels equivalent to monogenic genomic variants that are commonly
reported and acted upon.

Zeggini, E., Gloyn, A. L., Barton, A. C. & Wain, L. V. Translational genomics and precision
medicine: Moving from the lab to the clinic. Science 365, 1409-1413 (2019).

Koehly, L. M. et al. Social and behavioral science at the forefront of genomics: discovery,
translation, and health equity. Soc. Sci. Med. 112450, 112450 (2019).

Khan, S. S., Cooper, R. & Greenland, P. Do polygenic risk scores improve patient selection
for prevention of coronary artery disease? J. Am. Med. Assoc. 323, 614-615 (2020).
Mostafavi, H. et al. Variable prediction accuracy of polygenic scores within an ancestry
group. eLife 9,1-52 (2020).

Morris, T. T., Davies, N. M., Hemani, G. & Smith, G. D. Population phenomena inflate
genetic associations of complex social traits. Sci. Adv. 6, eaay0328 (2020).

Bycroft, C. et al. The UK Biobank resource with deep phenotyping and genomic data.
Nature 562, 203-209 (2018).

Denny, J. C. et al. The “All of Us” Research Program. N. Engl. J. Med. 381, 668-676 (2019).
Garrison, N. A. et al. Genomic research through an indigenous lens: understanding the
expectations. Annu. Rev. Genomics Hum. Genet. 20, 495-517 (2019).

Discussion of issues related to conducting genomics research with Indigenous
peoples, coupled with suggestions for respecting tribal governance and protecting
Indigenous people from group harms.

Nature | Vol 586 | 29 October 2020 | 691



Case 1:25-cv-10787-BEM  Document 38-40

Perspective

Filed 04/25/25 Page 17 of 45

55. Sanderson, S. C. et al. Public attitudes toward consent and data sharing in biobank
research: a large multi-site experimental survey in the US. Am. J. Hum. Genet. 100,
414-427 (2017).

Survey results from 13,000 individuals regarding participation in research in which
their data are shared with others, yielding insight into factors that predict a willingness
of people to participate in research and concerns about data privacy.

56. Milne, R. et al. Trust in genomic data sharing among members of the general public in the
UK, USA, Canada and Australia. Hum. Genet. 138, 1237-1246 (2019).

57.  Grishin, D., Obbad, K. & Church, G. M. Data privacy in the age of personal genomics. Nat.
Biotechnol. 37, 1115-1117 (2019).

58. Genomic Literacy, Education and Engagement Initiative; https://www.genome.gov/
leadership-initiatives/Genomic-Literacy-Education-Engagement-Initiative (accessed 29
June 2020)

59. Manolio, T. A. & Murray, M. F. The growing role of professional societies in educating
clinicians in genomics. Genet. Med. 16, 571-572 (2014).

60. Krakow, M., Ratcliff, C. L., Hesse, B. W. & Greenberg-Worisek, A. J. Assessing genetic
literacy awareness and knowledge gaps in the US population: results from the health
information national trends survey. Public Health Genomics 20, 343-348 (2017).

61. LaRue, K. M., McKernan, M. P., Bass, K. M. & Wray, C. G. Teaching the genome generation:
bringing modern human genetics into the classroom through teacher professional
development. J. STEM Outreach 1, 48-60 (2018).

62. Mboowa, G. & Sserwadda, I. Role of genomics literacy in reducing the burden of common
genetic diseases in Africa. Mol. Genet. Genomic Med. 7, e00776 (2019).

63. Veilleux, S., Bouffard, M. & Bourque Bouliane, M. Patient and health care provider needs
and preferences in understanding pharmacogenomic and genomic testing: a meta-data
analysis. Qual. Health Res. 30, 43-59 (2020).

64. Kung, J. &Wu, C.-T. Leveling the playing field: closing the gap in public awareness of genetics
between the well served and underserved. Hastings Cent. Rep. 46, 17-20 (2016).

65. Stephens, Z. D. et al. Big data: astronomical or genomical? PLoS Biol. 13, e1002195 (2015).

66. Attwood, T.K., Blackford, S., Brazas, M. D., Davies, A. & Schneider, M. V. A global
perspective on evolving bioinformatics and data science training needs. Brief. Bioinform.
20, 398-404 (2019).

67. Genomics Education Partnership; http://gep.wustl.edu/ (accessed 16 June 2020).

68. Campion, M., Goldgar, C., Hopkin, R. J., Prows, C. A. & Dasgupta, S. Genomic education
for the next generation of health-care providers. Genet. Med. 21, 2422-2430 (2019).

69. McClaren, B. J. et al. Development of an evidence-based, theory-informed national survey
of physician preparedness for genomic medicine and preferences for genomics
continuing education. Front. Genet. 11, 59 (2020).

70. Dougherty, M. J., Wicklund, C. & Johansen Taber, K. A. Challenges and opportunities for
genomics education: Insights from an Institute of Medicine Roundtable Activity. J. Contin.
Educ. Health Prof. 36, 82-85 (2016).

71. NHGRI. Inter-Society Coordinating Committee for Practitioner Education in Genomics;
https://www.genome.gov/For-Health-Professionals/
Inter-Society-Coordinating-Committee-for-Practitioner-Education-in-Genomics
(accessed 16 June 2020).

72. Valantine, H. A., Collins, F. S. & Verma, I. M. National Institutes of Health addresses the
science of diversity. Proc. Natl Acad. Sci. USA 112, 12240-12242 (2015).

73. Hofstra, B. et al. The diversity-innovation paradox in science. Proc. Natl Acad. Sci. USA
117, 9284-9291(2020).

Study of the US doctorate recipients from 1977 to 2015, identifying new contributions by
gender and racial or ethnic minority scholars, evidence for lower rates of recognition by
majority scholars, and the resulting diversity-innovation paradox in science.

74. Martinez, L. R., Boucaud, D. W., Casadevall, A. & August, A. Factors contributing to the
success of NIH-designated underrepresented minorities in academic and nonacademic
research positions. CBE Life Sci. Educ. 17, ar32 (2018).

75. Schindler, D., Dai, J. & Cai, Y. Synthetic genomics: a new venture to dissect genome
fundamentals and engineer new functions. Curr. Opin. Chem. Biol. 46, 56-62 (2018).

76. Doudna, J. A. The promise and challenge of therapeutic genome editing. Nature 578,
229-236 (2020).

Review of the scientific, technical, and ethical aspects of using CRISPR technology for
therapeutic applications in humans.

77. UK Biobank; https://www.ukbiobank.ac.uk/ (accessed 14 June 2020).

78. NIH. All of Us; https://allofus.nih.gov/ (accessed 14 June 2020).

79. International HundredK+ Cohorts Consortium (IHCC). Linking cohorts, understanding
biology, improving health; https://ihccglobal.org/ (accessed 14 June 2020).

80. Birney, E., Vamathevan, J. & Goodhand, P. Genomics in healthcare: GA4GH looks to 2022.
Preprint at https://www.bioRxiv.org/content/10.1101/203554v1 (2017).

81. Stark, Z. etal. Integrating genomics into healthcare: a global responsibility. Am. J. Hum.
Genet. 104, 13-20 (2019).

82. Manolio, T. A. et al. Bedside back to bench: building bridges between basic and clinical
genomic research. Cell 169, 6-12 (2017).

83. Rehm, H. L. etal. ClinGen — The clinical genome resource. N. Engl. J. Med. 372, 2235~
2242 (2015).

84. Starita, L. M. et al. Variant interpretation: functional assays to the rescue. Am. J. Hum.
Genet. 101, 315-325 (2017).

85. International Common Disease Alliance; https://www.icda.bio/ (accessed 24 June 2020).

86. Welcome to the Pan-Cancer Atlas; https://www.cell.com/pb-assets/consortium/
PanCancerAtlas/PanCani3/index.html (accessed 19 June 2020).

87. Steensma, D. P. et al. Clonal hematopoiesis of indeterminate potential and its distinction
from myelodysplastic syndromes. Blood 126, 9-16 (2015).

88. Baslan, T. & Hicks, J. Unravelling biology and shifting paradigms in cancer with single-cell
sequencing. Nat. Rev. Cancer 17, 557-569 (2017).

89. D'Gama, A. M. & Walsh, C. A. Somatic mosaicism and neurodevelopmental disease. Nat.
Neurosci. 21,1504-1514 (2018).

90. Roden, D. M. et al. Pharmacogenomics. Lancet 394, 521-532 (2019).

91.  Corbin, L. J. et al. Formalising recall by genotype as an efficient approach to detailed
phenotyping and causal inference. Nat. Commun. 9, 711 (2018).

692 | Nature | Vol 586 | 29 October 2020

92. Savatt, J. M. et al. ClinGen’s GenomeConnect registry enables patient-centered data
sharing. Hum. Mutat. 39, 1668-1676 (2018).

93. Eadon, M. T. et al. Implementation of a pharmacogenomics consult service to support the
INGENIOUS trial. Clin. Pharmacol. Ther.100, 63-66 (2016).

94. Darnell, A. J. et al. A clinical service to support the return of secondary genomic findings
in human research. Am. J. Hum. Genet. 98, 435-441(2016).

95. CDC. Public Health Genomics and Precision Health Knowledge Base (v6.4); https://
phgkb.cdc.gov/PHGKB}/tierStartPage.action (accessed 17 June 2020).

96. Dotson, W. D. et al. Prioritizing genomic applications for action by level of evidence: a
horizon-scanning method. Clin. Pharmacol. Ther. 95, 394-402 (2014).

97. Hopkins, P. N. Genotype-guided diagnosis in familial hypercholesterolemia: population
burden and cascade screening. Curr. Opin. Lipidol. 28, 136-143 (2017).

98. Bierne, H., Hamon, M. & Cossart, P. Epigenetics and bacterial infections. Cold Spring
Harb. Perspect. Med. 2, a010272 (2012).

99. Bhat, A. A. et al. Role of non-coding RNA networks in leukemia progression, metastasis
and drug resistance. Mol. Cancer 19, 57 (2020).

100. Sparks, T. M., Harabula, I. & Pombo, A. Evolving methodologies and concepts in 4D
nucleome research. Curr. Opin. Cell Biol. 64,105-111 (2020).

101. Young, A. |., Benonisdottir, S., Przeworski, M. & Kong, A. Deconstructing the sources of
genotype-phenotype associations in humans. Science 365, 1396-1400 (2019).

102. Mitra, K., Carvunis, A.-R., Ramesh, S. K. & Ideker, T. Integrative approaches for finding
modular structure in biological networks. Nat. Rev. Genet. 14, 719-732 (2013).

103. Bien, S. A. et al. The future of genomic studies must be globally representative:
perspectives from PAGE. Annu. Rev. Genomics Hum. Genet. 20, 181-200 (2019).

104. Bentley, A.R., Callier, S. L. & Rotimi, C. N. Evaluating the promise of inclusion of African
ancestry populations in genomics. Genomic Med. 5, 5 (2020).

105. Hindorff, L. A. et al. Prioritizing diversity in human genomics research. Nat. Rev. Genet. 19,
175-185 (2018).

106. Wojcik, G. L. et al. Genetic analyses of diverse populations improves discovery for
complex traits. Nature 570, 514-518 (2019).

107. Landry, L. G., Ali, N., Williams, D. R., Rehm, H. L. & Bonham, V. L. Lack of diversity in
genomic databases is a barrier to translating precision medicine research into practice.
Health Aff. (Millwood) 37, 780-785 (2018).

108. Manrai, A. K. et al. Genetic misdiagnoses and the potential for health disparities. N. Engl.
J. Med. 375, 655-665 (2016).

Demonstration of frequent erroneous classification of genomic variants as pathogenic
among patients of African or unspecified ancestry that were subsequently re-categorized
as benign, with considerable health implications of those misclassifications.

109. Martin, A. R. et al. Clinical use of current polygenic risk scores may exacerbate health
disparities. Nat. Genet. 51, 584-591(2019).

10. Horowitz, C. R. et al. Successful recruitment and retention of diverse participants in a
genomics clinical trial: a good invitation to a great party. Genet. Med. 21, 2364-2370 (2019).

1M1. Botkin, J. R., Mancher, M., Busta, E. R. & Downey, A. S. Returning Individual Research
Results to Participants (National Academies Press, 2018).

112. Lazaro-Munoz, G. et al. Issues facing us. Am. J. Med. Genet. B. Neuropsychiatr. Genet. 180,
543-554 (2019).

113. Lloyd-Price, J. et al. Multi-omics of the gut microbial ecosystem in inflammatory bowel
diseases. Nature 569, 655-662 (2019).

14. Hasin, Y., Seldin, M. & Lusis, A. Multi-omics approaches to disease. Genome Biol. 18, 83 (2017).

115. Chambers, D. A., Feero, W. G. & Khoury, M. J. Convergence of implementation science,
precision medicine, and the learning health care system: a new model for biomedical
research. J. Am. Med. Assoc. 315, 1941-1942 (2016).

116. Sugano, S. International code of conduct for genomic and health-related data sharing.
HUGO J. 8,1(2014).

117. Clayton, E. W., Halverson, C. M., Sathe, N. A. & Malin, B. A. A systematic literature review
of individuals’ perspectives on privacy and genetic information in the United States. PLoS
One 13, e0204417 (2018).

118. Cavallari, L. H. et al. Multi-site investigation of strategies for the clinical
implementation of CYP2D6 genotyping to guide drug prescribing. Genet. Med. 21,
2255-2263 (2019).

119. Ginsburg, G. S. A global collaborative to advance genomic medicine. Am. J. Hum. Genet.
104, 407-409 (2019).

Acknowledgements The strategic vision described here was formulated on behalf of the
NHGRI. We are grateful to the many members of the institute staff for their contributions to
the associated planning process (see http://genome.gov/genomics2020 for details) as well
as to the numerous external colleagues who provided input to the process and draft
versions of this strategic vision. The National Advisory Council for Human Genome
Research (current members are J. Botkin, T. Ideker, S. Plon, J. Haines, S. Fodor, R. Irizarry,

P. Deverka, W. Chung, M. Craven, H. Dietz, S. Rich, H. Chang, L. Parker, L. Pennacchio, and
O. Troyanskaya) ratified the strategic planning process, themes, and priorities associated
with this strategic vision.

Author contributions All authors contributed to the concepts, writing, and/or revisions of the
manuscript.

Competing interests The authors declare no competing interests.

Additional information

Correspondence and requests for materials should be addressed to E.D.G.

Peer review information Nature thanks Jantina de Vries, Eleftheria Zeggini and the other,
anonymous, reviewer(s) for their contribution to the peer review of this work.

Reprints and permissions information is available at http://www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

© Springer Nature Limited 2020



Case 1:25-cv-10787-BEM  Document 38-40  Filed 04/25/25 Page 18 of 45

EXHIBIT B



4118125, 730 PM Case 1:25-cv-10787-BEM  DocumenbdiBréits DEtHndedd35/25

Wsnte of the United States government Here's how you know

- GRANTS.GOV™

VIEW GRANT OPPORTUNITY

PA-23-271

Ruth L. Kirschstein National Research Service Award (NRSA) Individual

Predoctoral Fellowship to Promote Diversity in Health-Related Research

(Parent F31-Diversity)

Department of Health and Human Services

National Institutes of Health

General Information

Document
Type:
Funding
Opportunity
Number:

Funding
Opportunity
Title:

Opportunity
Category:

Opportunity
Category
Explanation:

Grants Notice

PA-23-271

Ruth L. Kirschstein
National Research Service
Award (NRSA) Individual
Predoctoral Fellowship to
Promote Diversity in
Health-Related Research
(Parent F31-Diversity)

Discretionary

https://www.grants.gov/search-results-detail/350174

Version:

Posted Date:

Last Updated Date:

Original Closing Date for
Applications:

Current Closing Date for
Applications:

Archive Date:

Estimated Total Program
Funding:

Award Ceiling:

Award Floor:

Page 19 of 45

Synopsis 4

Sep 12,
2023

Feb 21,
2025

Sep 07,
2025

Feb 21,
2025

Feb 22,
2025

1/6



4/18/25,7:30PM Case 1:25-cv-10787-BEM  DocumesnbdBrédits DEtiindedd35/25

Funding
Instrument

Type:
Category of

Funding
Activity:

Category
Explanation:

Expected
Number of
Awards:

Assistance
Listings:

Grant

Education
Environment

Food and Nutrition
Health

Income Security and
Social Services

93.113 -- Environmental
Health

93.121 -- Oral Diseases and
Disorders Research
93.172 -- Human Genome
Research

93.173 -- Research Related
to Deafness and
Communication Disorders
93.213 -- Research and
Trainingin
Complementary and
Integrative Health

93.233 -- National Center
on Sleep Disorders
Research

93.242 -- Mental Health
Research Grants

93.273 -- Alcohol Research
Programs

93.279 -- Drug Abuse and
Addiction Research
Programs

https://www.grants.gov/search-results-detail/350174

Page 20 of 45

2/6



4/18/25,7:30PM Case 1:25-cv-10787-BEM  DocumesnbdBrédits DEtiindedd35/25

93.286 -- Discovery and
Applied Research for
Technological Innovations
to Improve Human Health
93.307 -- Minority Health
and Health Disparities
Research

93.361 -- Nursing Research
93.398 -- Cancer Research
Manpower

93.837 -- Cardiovascular
Diseases Research

93.838 -- Lung Diseases
Research

93.839 -- Blood Diseases
and Resources Research
93.840 -- Translation and
Implementation Science
Research for Heart, Lung,
Blood Diseases, and Sleep
Disorders

93.846 -- Arthritis,
Musculoskeletal and Skin
Diseases Research

93.847 -- Diabetes,
Digestive, and Kidney
Diseases Extramural
Research

93.853 -- Extramural
Research Programs in the
Neurosciences and
Neurological Disorders
93.855 -- Allergy and
Infectious Diseases
Research

93.859 -- Biomedical
Research and Research
Training

https://www.grants.gov/search-results-detail/350174

Page 21 of 45

3/6



418/25,7:30 PM  Case 1:25-cv-10787-BEM  DocumesiaadiBrédits DEtigdadd3n/25  Page 22 of 45

Cost Sharing or
Matching
Requirement:

Eligibility

Eligible
Applicants:

Additional
Information on
Eligibility:

93.865 -- Child Health and
Human Development
Extramural Research
93.866 -- Aging Research
93.867 -- Vision Research
93.879 -- Medical Library
Assistance

No

Nonprofits having a 501(c)(3) status with the IRS, other than institutions of
higher education

County governments

Native American tribal governments (Federally recognized)

State governments

Native American tribal organizations (other than Federally recognized tribal
governments)

Nonprofits that do not have a 501(c)(3) status with the IRS, other than
institutions of higher education

Special district governments

Private institutions of higher education

Independent school districts

Public housing authorities/Indian housing authorities

For profit organizations other than small businesses

Public and State controlled institutions of higher education

Small businesses

City or township governments

Others (see text field entitled "Additional Information on Eligibility" for
clarification)

Other Eligible Applicants include the following: Alaska Native and Native
Hawaiian Serving Institutions; Asian American Native American Pacific
Islander Serving Institutions (AANAPISISs); Eligible Agencies of the Federal
Government; Faith-based or Community-based Organizations; Hispanic-

https://www.grants.gov/search-results-detail/350174 4/6



418125, 7:30 PM Case 1:25-cv-10787-BEM  DocumesaadiBrédits DEtigdadd3n/25  Page 23 of 45

serving Institutions; Historically Black Colleges and Universities (HBCUs);
Indian/Native American Tribal Governments (Other than Federally
Recognized); Non-domestic (non-U.S.) Entities (Foreign Organizations);
Regional Organizations; Tribally Controlled Colleges and Universities (TCCUs)
; U.S. Territory or Possession.

Additional Information

Agency Name:

Description:

Link to
Additional
Information:

Grantor
Contact
Information:

National Institutes of Health

The purpose of this Ruth L. Kirschstein National Research Service Award
(NRSA) Individual Predoctoral Fellowship to Promote Diversity in Health-
Related Research award is to enhance the diversity of the health-related
research workforce by supporting the research training of predoctoral
students from diverse backgrounds including those from groups that are
underrepresented in the biomedical, behavioral, or clinical research
workforce.

Through this award program, promising predoctoral students will obtain
individualized, mentored research training from outstanding faculty
sponsors while conducting well-defined research projects in scientific health-
related fields relevant to the missions of the participating NIH Institutes and
Centers. The proposed mentored research training is expected to clearly
enhance the individual's potential to develop into a productive, independent
research scientist.

This Notice of Funding Opportunity (NOFO) does not allow candidates to
propose to lead an independent clinical trial, a clinical trial feasibility study,
or an ancillary clinical trial, but does allow candidates to propose research
experience in a clinical trial led by a sponsor or co-sponsor.

https://grants.nih.gov/grants/guide/pa-files/PA-23-271.html

If you have difficulty accessing the full announcement electronically, please
contact:

NIH Grants Information

grantsinfo@nih.gov

See Section VII. Agency Contacts within the full opportunity announcement

https://www.grants.gov/search-results-detail/350174

5/6



Return to top

Connect with Us

YouTube
Alerts
RSS

XML Extract

Get Adobe Reader

Health & Human
Services

HHS.gov
EEOC / No Fear Act
Accessibility
Privacy.

Vulnerability
Disclosure Policy

Disclaimers

Site Map

https://www.grants.gov/search-results-detail/350174

4118125, 730 PM Case 1:25-cv-10787-BEM  DocumenbdiBréits DEtHndedd35/25
for all other inquires.

Community

USA.gov

WhiteHouse.gov
USAspending.gov
SBA.gov
SAM.gov

Report Fraud

Page 24 of 45

Additional Help

Chat now with Grant

Erequently Asked
Questions

¥ O X

6/6



Case 1:25-cv-10787-BEM  Document 38-40  Filed 04/25/25 Page 25 of 45

EXHIBIT C



4/14/25, 1:32 AM Case 1:25-cv-10787-BEM  Documetta38rédthquin-Heer4@6/25 Page 26 of 45

Delaney Sullivan <delaney.lin@gmail.com>

RE: Inquiry about F31 NOA

1 message
Walters, Angela (NIH/NHGRI) [E] <angela.walters@nih.gov> Mon, Jan 6, 2025 at 4:44 AM
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| sent the JIT request out this morning. Once that information is received, | can begin to process the award. It must be submitted in

eRA commons by the sponsored programs office. | put a submission date of January 10, but if you need more time, please don’t
stress about the date. | know many people are still on holiday leave and it make take some time to process. Please let me know if
you have any questions or concerns.

| hope you have a wonderful new years as well and congratulations on being approved for funding.

Angela

Angela Walters

NHGRI Grant’s Management Specialist
National Human Genome Research Insititute
6700B Rockledge Drive

Bethesda, MD 20892-6908

Phone: (301) 402-0750

Email: angela.walters@nih.gov

https://mail.google.com/mail/u/0/?ik=478469b40d & view=pt&search=all&permthid=thread-f:1820503563103377501 &simpl=msg-f:1820503563103377501 172



4/14/25,1:32 AM Case 1:25-cv-10787-BEM  Documetiad Sré hquin-aer4@6/25 Page 27 of 45

From: Sullivan, Delaney K. <dksulliv@caltech.edu>

Sent: Friday, January 3, 2025 11:02 AM

To: Walters, Angela (NIH/NHGRI) [E] <angela.walters@nih.gov>
Subject: [EXTERNAL] Inquiry about F31 NOA

Hello,

| was emailed that my grant (1F31HG014118-01) received NHGRI concurrence for funding. I'm wondering what the status of the
NOA is, when will | receive an update regarding it, and will the update be emailed directly to me or will it appear on my eRA
commons?

Thanks and hope you had a wonderful New Years,

Delaney K. Sullivan

CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you recognize the sender and are confident
the content is safe.
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02/19/2025

Institution Name
CALIFORNIA INSTITUTE OF
TECHNOLOGY

School Name

DIVISION OF BIOLOGY AND
BIOLOGICAL ENGINEERING
School Category
SCHOOLS OF ARTS AND
SCIENCES

Division Name

NONE

Department Name

NONE

NIH Appl. ID
11071524

Proposal Title
k-mer based local uniqueness exploration
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Effect Date

Status Message

07/02/2024
04/24/2024

04/08/2024

Vv Reference Letter(s)

Scientific Review Group review completed. Refer any ques-
tions to Program Official.

Scientific Review Group review pending. Refer any questions
to the Scientific Review Administrator.

Application entered into system

This list shows Reference Letters associated with this particular Application. Principal Investigator can see a
list of all Reference Letters within Personal Profile - Reference Letters section on eRA Commons

Referee
Name Organization/Affiliation Department EMail Submitted Date
Dawson, UCLA Pathology and DDAWSO 04/03/2024
David Laboratory Medicine N@MED
NET.UCL
A.EDU
Liefwalker, Oregon State University Biochemistry and DAN.LIE 04/03/2024
Dan Biophysics FWALKE
R@ORE
GONSTA
TE.EDU
Li, Yulin Houston Methodist Research Institute  Neal Cancer Center YLI@HO 04/03/2024
USTONM
ETHODIS
TORG

Resources

|
04/13/2025 03:11:42 PM EST

https://public era nih gov/grantfolder/viewCommonsStatus era?applld=11071524
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Delaney Sullivan <delaney.lin@gmail.com>

1F31HG014118-01 status?

1 message

Delaney Sullivan <delaneyk.sullivan@gmail.com> Tue, Feb 4, 2025 at 2:55 PM
To: angela.walters@nih.gov, temesgen.fufa@nih.gov

Hi,
Just wondering about the status of NOA for the grant.
As you know, the F31 diversity will no longer exist, and it would be great if my application can be considered and funded under the traditional mechanism, as |

believe my qualifications are the same either way.

Look forward to hearing from you,
Delaney

https://mail.google.com/mail/u/0/?ik=478469b40d & view=pt&search=all&permthid=thread-a:r6396834493239284276&simpl=msg-a:r5606895143937416896
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Department of Health and Human Services

National Institutes of Hea

SYNOPSIS VERSION HISTORY RELATED DOCUMENTS PACKAGE

Version History

lth

Page 39 of 45

MENU

Click on Version Name to view previous versions of this grant opportunity. Modifications from the previous version are
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Synopsis 4 Closed Feb 21, 2025
Synopsis 3 updated close date Feb 11,2025
Synopsis 2 updated close date Feb 04, 2025
Synopsis 1 Sep 12,2023 Q
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DISPLAYING: Synopsis 2

General Information

Document Type:

Funding
Opportunity
Number:

Funding
Opportunity
Title:

Opportunity
Category:

Opportunity
Category
Explanation:

Funding
Instrument Type:

Category of
Funding Activity:

Grants Notice

PA-23-271

Ruth L. Kirschstein National Research
Service Award (NRSA) Individual
Predoctoral Fellowship to Promote
Diversity in Health-Related Research
(Parent F31-Diversity)

Discretionary

Grant

Education

Environment

Food and Nutrition

Health

Income Security and Social Services

https://www.grants.gov/search-results-detail/350174
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Version:

Posted Date:

Last Updated Date:

Original Closing Date for Applications:
Current Closing Date for Applications:
Archive Date:

Estimated Total Program Funding:
Award Ceiling:

Award Floor:

Synopsis 2
Sep 12,2023
Feb 04, 2025

Feb 04, 2025
Mar 06, 2025
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Category
Explanation:

Expected Number
of Awards:

Assistance
Listings:

Case 1:25-cv-10787-BEM  Document.a3B8réis Dekilaeh4ir5/25

93.113 -- Environmental Health

93.121 -- Oral Diseases and Disorders
Research

93.172 -- Human Genome Research
93.173 -- Research Related to Deafness
and Communication Disorders

93.213 -- Research and Training in
Complementary and Integrative Health
93.233 -- National Center on Sleep
Disorders Research

93.242 -- Mental Health Research Grants
93.273 -- Alcohol Research Programs
93.279 -- Drug Abuse and Addiction
Research Programs

93.286 -- Discovery and Applied Research
for Technological Innovations to Improve
Human Health

93.307 -- Minority Health and Health
Disparities Research

93.361 -- Nursing Research

93.398 -- Cancer Research Manpower
93.837 -- Cardiovascular Diseases
Research

93.838 -- Lung Diseases Research

https://www.grants.gov/search-results-detail/350174

Page 41 of 45
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93.839 -- Blood Diseases and Resources
Research
93.840 -- Translation and Implementation
Science Research for Heart, Lung, Blood
Diseases, and Sleep Disorders
93.846 -- Arthritis, Musculoskeletal and
Skin Diseases Research
93.847 -- Diabetes, Digestive, and Kidney
Diseases Extramural Research
93.853 -- Extramural Research Programs
in the Neurosciences and Neurological
Disorders
93.855 -- Allergy and Infectious Diseases
Research
93.859 -- Biomedical Research and
Research Training
93.865 -- Child Health and Human
Development Extramural Research
93.866 -- Aging Research
93.867 -- Vision Research
93.879 -- Medical Library Assistance

Cost Sharingor No
Matching
Requirement:

Eligibility

https://www.grants.gov/search-results-detail/350174 471
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Eligible Applicants:

Additional
Information on
Eligibility:

Additional Infor

Agency Name:

Description:

https://www.grants.gov/search-results-detail/350174
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Independent school districts

County governments

Nonprofits that do not have a 501(c)(3) status with the IRS, other than institutions of higher education
Small businesses

State governments

Native American tribal organizations (other than Federally recognized tribal governments)
Special district governments

Public housing authorities/Indian housing authorities

For profit organizations other than small businesses

City or township governments

Nonprofits having a 501(c)(3) status with the IRS, other than institutions of higher education
Native American tribal governments (Federally recognized)

Others (see text field entitled "Additional Information on Eligibility" for clarification)

Public and State controlled institutions of higher education

Private institutions of higher education

Other Eligible Applicants include the following: Alaska Native and Native Hawaiian Serving Institutions;
Asian American Native American Pacific Islander Serving Institutions (AANAPISISs); Eligible Agencies of

the Federal Government; Faith-based or Community-based Organizations; Hispanic-serving Institutions;
Historically Black Colleges and Universities (HBCUs); Indian/Native American Tribal Governments (Other

than Federally Recognized); Non-domestic (non-U.S.) Entities (Foreign Organizations); Regional
Organizations; Tribally Controlled Colleges and Universities (TCCUs) ; U.S. Territory or Possession.

mation

National Institutes of Health

Not Available
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Link to Additional
Information:

Grantor Contact
Information:
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https://grants.nih.gov/grants/guide/pa-files/PA-23-271.html

If you have difficulty accessing the full announcement electronically, please contact:

NIH Grants Information

grantsinfo@nih.gov

See Section VII. Agency Contacts within the full opportunity announcement for all other inquires.

Return to top

Connect with Us

XML Extract

Get Adobe Reader

https://www.grants.gov/search-results-detail/350174
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