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Starting with the launch of the Human Genome Project three decades ago, and
continuing after its completion in 2003, genomics has progressively come to have a
central and catalytic role inbasic and translational research. In addition, studies
increasingly demonstrate how genomicinformation can be effectively used in clinical
care. In the future, theanticipated advancesin technology development, biological
insights, and clinical applications (among others) will lead to more widespread
integration of genomics into almost all areas of biomedical research, the adoption of
genomics into mainstream medical and public-health practices, and an increasing
relevance ofgenomics for everyday life. On behalfof the research community, the
National Human Genome Research Institute recently completed a multi-year process
of strategic engagement to identify future research priorities and opportunities in
human genomics, withan emphasis on healthapplications. Here we describe the
highest-priority elements envisioned for the cutting-edge of human genomics going
forward—that s, at ‘The Forefront of Genomics'.
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Beginning in October 1990, a pioneering group of international
researchers began an audacious journey to generate the firstmap and
sequence of the human genome, marking the start of a13-year odyssey
called the Human Genome Project' . The successful and early comple-
tion of the Project In 2003, which included parallel studies of a set of
model organismgenomes, catalysed enormous progress ingenomics
research. Leading the signature advances has been a greater than one
million-fold reduction inthe cost of DNAsequencing®. Thisdecrease has
allowed the generation of innumerable genome sequences, including
hundreds of thousands of human genome sequences (both inresearch
and clinical settings), and the continuous development of assays to
identify and characterize functional genomic elements**. These new
tools, together withincreasingly sophisticated statistical and compu-
tational methods, have enabled researchers to createrich catalogues of
human genomic variants™, to gainan ever-deepeningunderstanding of
the functional complexities of the human genome®, and todetermine
the genomic bases of thousands of human diseases™”. In turn, the past
decade has brought the initial realization of genomic medicine, as
research successes have been converted into powerful tools for use
inhealthcare, includingsomatic genome analysis for cancer (enabling
development of targeted therapeutic agents)”, non-invasive prenatal
genetic screening”, and genomics-based tests for a growing set of
paediatric conditions and rare disorders", among others.
Inessence, with growing insights about the structure and functionof
the human genomeand ever-improving laboratory and computational
technologies, genomics hasbecome increasingly woveninto the fabric

of biomedical research, medical practice, and society. Thescope, scale,
and pace of genomic advances so far were nearly unimaginable when
the Human Genome Project began; eventoday, such advancesare yield-
ingscientific and clinical opportunities beyond our initial expectations,
with many more anticipated in the next decade.

Embracing its leadership role in genomics, the National Human
Genome Research Institute (NHGRI) has developed strategic visions
for thefield at key inflection points, in particular at the end of the Human
Genome Project in 2003 and then again at the beginning of the last
decadein2011". These visions outlined the most compelling opportuni-
ties for human genomicsresearch, ineach case informed by amulti-year
engagement process. NHGRIendeavoured to start the new decade with
anupdated strategic vision for human genomics research. Through a
planning process that involved more than 50 events (such as dedicated
workshops, conference sessions, and webinars) over the past two years
(see http://genome.gov/genomics2020), the Institute collected input
fromalarge number of stakeholders, with the resulting input catalogued
and synthesized using the framework depicted in Fig. 1.

Unlike the past, this round of strategic planning was greatly influ-
enced by the now widely disseminated nature of genomics across bio-
medicine. A representative glimpse into this historic phenomenon is
illustrated in Fig. 2. During the Human Genome Project, NHGRI was
the primary funder of human genomics research at the US National
Institutes of Health (NIH), but the past two decades have brought a
greater than tenfoldincrease in the relative fraction of funding coming
from other parts of the NIH.
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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 biclogy 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
mplementatlon of research studies, the propagation of research

» Maximize the usability of genomics for all members of 1he
public, including the ability to access genomics in 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.

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

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 requirements related
to open science, responsible data sharing, and rigor and
reproducibility in genomics 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.

Green ED., Strategic vision for improving human health at The Forefront of Genomics. Nature 586: 683—692(2020
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Maximize the usability of genomics for ali
members of the public, including the ability to

access genomics In 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.

Green ED., Strategic vision for improving human health at The Forefront of Genomics. Nature volume 586, pages683—692(2020)
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Health Equity in Genomics



Health Equity

“Health equity work requires an
acknowledgment and
reconsideration of previously
taken for granted beliefs about
health (and how it is produced),
the health care and public health
systems (and how they work),
and society (and how it is set up
to advantage some and
disadvantage others).”

https://www.ama-assn.org/system/files/ama-aamc-equity-guide.pdf
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Diverse communities
face barriers in accessing
genomic medicine
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Popejoy, AB, and Fullerton, SM. Genomics is failing on diversity.

PERSISTENT BIAS

Over the past seven years, the proportion of participants in genome-wide
association studies (GWAS) that are of Asian ancestry has increased.
Groups of other ancestries continue to be very poorly represented.
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Nature. 2016 Oct 12;538(7624):161-164
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2,511 studies
35 million samples

81%

European
ancestry

199, Non-
European
ancestry




5X increase in
non-European samples

LIl

78% of this increase from
populations with Asian ancestry

All other ancestral populations
make up less than 4%

Popejoy AB, Fullerton SM, Nature, 538:161-164, October 13,2016
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Race in the Clinic



Multiple dimensions of race

Race that
others believe Perceived Reflected
you to be race race

Racial
identity

Race you identify as

Roth W.D., The Multiple Dimensions of Race. Ethnic and Racial Studies 39(8): 1310-1338.

Race you
believe others
assume you to
be
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Race and ethnicity are complex and fluid

“First, it is essential to point out that ‘race’
and ‘ethnicity’ are terms without
generally agreed upon definitions. Both
terms carry complex connotations that
reflect culture, history, socioeconomics
and political status, as well as a variably
iImportant connection to ancestral
geographic origins.”

Collins FS, What we do and don’t know about ‘race’, ‘ethnicity’, genetics and health at the dawn of the
genome era, Nature Genetics Supp. November 36;11:S13-S15 (2004)
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"Both black and white physicians
concluded that the race of the patient is
medically relevant but did not agree
upon why race is important in clinical
decisions”

Bonham VL, Sellers SL, Gallagher TH, Frank D, Odunlami AO, Price EG, and Cooper LA,
Genetics in Medicine 2009:11(4):279-286.
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Characteristics of Physician Respondents
(n=787)
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The Meaning of ‘Race’ and ‘Ethnicity’
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Biological difference between racial groups
affect health outcome differences
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				A genetic counseling center/genetic counselor		A specialist for the patient's condition		A clinical research trial		Any other site of care
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Race is the best proxy clinicians have to
identify genetic effects on health
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Genetic Variation Knowledge Assessment
Index (GKAI)



Table 1 Items for the genetic variation knowledge assessment index (GKAI)
ITEM# QUESTION TANSWER

GKAIT The DNA sequences of two randomly selected healthy individuals of the same sex are False (22%)**
90-95% identical.

GKAI2 Most common diseases, such as diabetes and heart disease, are caused by a single gene variant. False (80%)

GKAI3* Common structural genetic variation (changes in the human genome such as deletions, True (90%)
duplications and large-scale copy-number variants) is important in health and disease.

GKAI4 All the genetic variation in an individual can be attributed to either spontaneous (i.e., de novo) True (609)
or inherited changes in the human genome.

GKAI5* The variation in the human genome includes both disease-causing gene variants and variants True (92%)
that have no effect on health and disease.

GKAI6 Individual genetic variants are usually highly predictive of the manifestation of common disease. False (60%)

GKAI7 Prevalence of many Mendelian diseases differs by racial groups. True (69%)

GKAI8 Self-reported race is informative of a racial group’s genetic ancestral background. True (39%)

*Item not included in final scoring.
TCorrect answer.

**Numbers in parentheses indicate the percentage of respondents who answered the question correctly.

Bonham VL, Sellers SL, Woolford S, BMC Health Services Research. 2014; 14:456.
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Racial Attributes in Clinical
Evaluation (RACE) Measure



Table 3 Items and standardized factor loadings for the Racial Attributes in Clinical Evaluation (RACE) scale
ITEM# QUESTION LOADINGS

RACE1 | consider information from patients about their racial background. 61

RACE2 | consider my patients race to better understand their genetic predispositions. 69
RACE3 | consider my patients race when making decisions about which medications to prescribe. 74

RACE4 | consider my patients race in determining genetic risk for common, complex diseases g7
(e.g. kidney disease or diabetes).

RACES | consider my patients race in making medication dosage decisions. 64
RACE6 | consider my patients race when determining age of initiation of screening for certain diseases. 66
RACE7 | consider my patients race in determining how aggressively to treat particular diseases. 61

RACES* | consider my patients race in determining genetic risk for single gene conditions
(e.g. cystic fibrosis or sickle cell disease).

*Item not included in final scoring.

RACE measure yield one factor (alpha=.86, 7 items)

Bonham VL, Sellers SL, Woolford S, BMC Health Services Research. 2014; 14:456.




Physicians’ Anxiety Due to
Clinical Uncertainty & Use of
Race

We found that general internists with higher
anxiety due to clinical uncertainty report
using race in medical decision making at

higher levels than those with lower anxiety

due to understanding.

Cunningham et al. Medical Care, 2014;52:8728-733
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Table 1. Examples of Race Correction in Clinical Medicine.*

Table 1. Ex:

Tool and Clinical Utility Input Variables Use of Race Equity Concern

Tool and Cl Breast Cancer Surveillance Consortium Risk  Age
Calculator!? (https://tools.bcsc-
scc.org/BCSyearRisk/calculator.htm)

Returns lower risk estimates for all
nonwhite race/ethnicity categories,
potentially reducing the likelihood of

The coefficients rank the race/ethnicity
categories in the following descending
order of risk: white, American Indian,

Race/ethnicity: white, black, Asian,
Native American, other/multiple

Cardiology

The Americ
Nephrology

Estimated glomerular filtration rate (eGFR)
MDRD and CKD-EPI equations'
(https://ukidney.com/nephrology-
resources/egfr-calculator)

Estimates glomerular filiration rate on the

basis of a measurement of serum creatinine.

Organ Procurement and Transplantation

Estimates 5- and 10-yr risk of developing

hronet ranror in tamasm inith na nrsuinne

races, unknown
RIRANC hraacr Aancitv erara

Serum creatinine
Age and sex
Race: black vs. white or other

Age

Network: Kidney Donor Risk Index (KDRI)'2 Hypertension, diabetes
(https:/foptn.transplant.hrsa.gov/resources Serum creatinine level

[allocation-calculators/kdpi-calculator/)

Estimates predicted risk of donor kidney graft

failure, which is used to predict viability of
potential kidney donor. T

Cause of death (e.g., cerebrovascular
accident)

Donation after cardiac death

Hepatitis C

Height and weight

HLA matching

Cold ischemia

En bloc transplantation

Double kidney transplantation

Race: African American

diagnose and monitor pulmonary disease

black, Hispanic, Asian.

The MDRD equation reports a higher eGFR

(by a factor of 1.210) if the patient is
identified as black. This adjustment is
similar in magnitude to the correction for
sex (0.742 if female).

The CKD-EPI equation (which included a

larger number of black patients in the
study population), proposes a more
modest race correction (by a factor of
1.159) if the patient is identified as black.
This correction is larger than the
correction for sex (1.018 if female).

Increases the predicted risk of kidney
graft failure if the potential donor is
identified as African American
(coefficient, 0.179), a risk adjustment
intermediate between those for
hypertension (0.126) and diabetes
(0.130) and that for elevated creatinine
(0.209-0.220).

close surveillance in these patients.

Both equations report higher eGFR values
(given the same creatinine
measurement) for patients identified as
black, suggesting better kidney
function. These higher eGFR values
may delay referral to specialist care or
listing for kidney transplantation.

Use of this tool may reduce the pool of
African-American kidney donors in the
United States. Since African-American
patients are more likely to receive
kidneys from African-American donors,
by reducing the pool of available
kidneys, the KDRI could exacerbate this
racial inequity in access to kidneys for
transplantation.

racial/ethnic minorities (e.g., in asthma
and COPD).2




Reconsidering the Use of Race
Correction in Clinical Algorithms

“Our understanding of race has advanced
considerably in the past decades. The clinical tools
we use daily should reflect these new insights to
remain scientifically rigorous. Equally important is
the project of making medicine a more antiracist
field. This involves revising how clinicians
conceptualize race to begin with.”

Vyas DA et al. NEJM 383;9:874-882 (2020)



Evolving use of ancestry, ethnicity, and
race In genetics research

Evolving use of ancestry, ethnicity, and race in
genetics research—A survey spanning seven decades

Yen Ji Julia Byeon,l.* Rezarta Islamaj,? Lana Yeganova,? W. John Wilbur,2 Zhiyong Lu,2
Lawrence C. Brody,** and Vence L. Bonham?*

Ancestry Ethnicity

0% 0% 0% -
| | 1 | | 1 | || 1 | || |
1949 1969 1989 2009 1949 1969 1989 2009 1949 1969 1989 2009

Byeon YlJ, Islamaj R, Yeganova L, Wilbur WJ, Lu Z, Brody LC, Bonham VL. Evolving use of ancestry, ethnicity, and race in genetics research-A survey
spanning seven decades. Am J Hum Genet. 2021 Dec 2;108(12):2215-2223.




Box 5
e Bold predictions for human

Strategic vision forimproving humanhealth

at The Forefront of Genomics geno m iC S by 203 O

 Chris Gunter', Leslle G. Blesecker', Valentina DI Francesco’, Carla L. Easter’,
3. Kaufman’, Elaine A. Ostran

e Some of the most impressive genomics achievements, when

e S S el S S viewed in retrospect, could hardly have been imagined ten years

Saring Wi e aaneofth aman Genome et res decadesago g 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

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

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

U al\Vd U el o 3
10. Breakthrough discoveries will lead to curative therapies
involving genomic modifications for dozens of genetic diseases.




NASEM Consensus Study

14 NIH Institutes, Centers, Offices, &
Programs co-sponsoring study (NHGRI
as co-lead)

The National | SCIENCES

- | ENGINEERING =

Academies of

Review existing methodologies, benefits,
and challenges in the use of race and
ethnicity and other population
descriptors in genomics research

MEDICINE

National Institutes -
"t Health » Study committee announced on February 2

Three public meetings planned

* Final report in February 2023

https://www.nationalacademies.org/our-work/use-of-race-ethnicity-and-ancestry-as-population-descriptors-in-genomics-research



- Champion adiverse 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.

Adiviaus 3]0 BRO Liddle

— attention to dlver5|ty in genomics research is both socially

just and scientifically essential, which includes meaningful,
sustained partnerships with diverse communities in the design and

Ad Underrep = =Ts

implementation of research studies, the propagation of research
findings, and the development and use of new technologies.

» Maximize the usability of genomics for all members of the
public, including the ability to access genomics in 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 disparitie

. Champlon adiverse 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

— [he use o alrerutly derined andard

(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 thgss

participating in genomics research.

- Embrace the interdisciplinary and team-orienteg

of genomics research — starting with the Hiyss

Project, some of the most challengingg@#fiomics endeavours

have benefited from the creatigps#Md management of large,

interdisciplinary researchg®llaborations.

» Adhere to the hig#®€st expectations and requirements related

to open scigie, responsible data sharing, and rigor and

ficibility in genomics research — the genomics enterprise

as 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.
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National Human Genome
e

Building a Diverse
Genomics Workforce:
An NHGRI Action Agenda

The Forefront
of Genomics’

COMMENTARY

The genomics workforce must become
more diverse: a strategic imperative

Vence L. Bonham!* and Eric D. Green!*

Develop and support initiatives
that provide early exposure and
access to careers in genomics

Develop and support training
programs and networks that connect
undergraduate and graduate education
to careers in genomics

Develop and support training,
career development, and research
transition programs that lead to
independent research and

clinical careers in genomics

Evaluate progress towards
achieving greater diversity in the
genomics workforce

genome.gov/workforcediversity



Training Diversity and Health Equity
Office (TIDHE)

» Office was developed in April 2021 in the Office of the
Director and expanded to include the Extramural
Research Program (ERP) training in September 2021

Mission:

» Coordinate, develop and support NHGRI training
programs for genomics careers

* Develop and support initiatives to enhance
genomic workforce diversity and genomic health
equity

* Provide strategic programmatic leadership for
training, diversity and health equity at NHGRI




Training Diversity and Health Equity
Office (TiDHE)

Work as a Team with NHGRI
Leadership and Staff

Build Partnerships

Initiate Programs to Advance Health
Equity

Support NHGRI Training Programs

Conduct Training, Diversity and
Health Disparities Portfolio Analysis

* Advise and Incubate the
Development of New Programs

Engage NHGRI and NIH Community

Facilitate NHGRI and Trans NIH
Programs

* Represent NHGRI in NIH Diversity

and Health Equity Efforts

« Convene the Scientific Community

for the Advancement of Training,
Diversity and Health Equity
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Lucia Hindorff, PhD

TIDHE Team

Ebony Madden, PhD

Jamil Scott, PhD

Christina Daulton, MA

Faye Brown

Lorjetta Schools, MBA
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© covip-19

Home » Research & Training.

ENDING STRUCTURAL RACISM

UNITE

UNITE aims to establish an equitable and civil culture within
the biomedical research enterprise and reduce barriers to
racial equity in the biomedical research workforce

https://www.nih.gov/ending-structural-racism/unite 43
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Cultivating diversity as an ethos with an anti-racism
approach in the scientific enterprise

Shameka P. Thomas,!” Kiana Amini,' K. Jameson Floyd,! Rachele Willard,! Faeben Wossenseged,'

Madison Keller,! Jamil B. Scott,? Khadijah E. Abdallah,! Ashley Buscetta,! and Vence L. Bonham!®”

Summary

The diversity of the U.S. population is currently not ref
Although diversity and inclusion efforts have focused on |
entific fields, structural racism remains. Thus, the cultiva
intentional about an institution’s character, culture, and

anti-racism approach within the field. Adopting a new pel
researchers as we build supportive, collaborative research ¢
the research enterprise and propose an anti-racism appro

Diversity as an Ethos

Reflection

on structural

barriers and
institutional norms

Intentionality

with cultivating

an anti-racism
environment

Utilizing an
) Anti-Racism
Introspection

on social climate Approach

of work
environment

Reckoning
with racism in
science

Interrogation
of understanding
and utilization of

diversity

Thomas SP, Amini K, Floyd KJ,... Bonham VL. Cultivating diversity as an ethos with an anti-racism
approach in the scientific enterprise. HGG Adv. 2021 Sep 21;2(4):100052.




HGG {
Advances COMMENTARY e oh e

Cultivating diversity as an ethos with an anti-racism
approach in the scientific enterprise

Shameka P. Thomas,!* Kiana Amini,! K. Jameson Floyd,! Rachele Willard,! Faeben Wossenseged,'
Madison Keller,! Jamil B. Scott,” Khadijah E. Abdallah,! Ashley Buscetta,! and Vence L. Bonham'*

“The cultivation and adoption of diversity as an
ethos requires shifting our focus to being intentional
about an institution’s character, culture, and
climate. One way for this ethos to be sustained is
by facilitating an intentional anti-racism approach
within the field.”

Thomas SP, Amini K, Floyd KJ,... Bonham VL. Cultivating diversity as an ethos with an anti-racism
approach in the scientific enterprise. HGG Adv. 2021 Sep 21;2(4):100052.
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The '
Promise of Genomics as a Field
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