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Use of Race, Ethnicity, and Ancestry as
Population Descriptors in Genomics Research

PUBLIC WORKSHOP
April 4, 2022
All times listed in Eastern Standard Time

Register Here: https://www.nationalacademies.org/event/04-04-2022/committee-on-use-of-race-
ethnicity-and-ancestry-as-population-descriptors-in-genomics-research-meeting-2-and-public-

workshop

11:00 am ET Welcome and Goals for the Workshop

Aravinda Chakravarti, Committee Co-Chair
Director, Center for Human Genetics and Genomics Muriel G & George W Singer Professor of

Neuroscience & Physiology
New York University Grossman School of Medicine

Charmaine Royal, Committee Co-Chair
Robert O. Keohane Professor of African & African American Studies, Biology, Global Health,

and Family Medicine & Community Health
Director, Duke Center on Genomics, Race, Identity, Difference and Duke Center for Truth,

Racial Healing & Transformation
Duke University

Session I: Historical and Current Use of Population Descriptors in Genomics Research
Moderator: Sandra Soo-Jin Lee, Columbia University

Session Objectives:
e To explore historical use of population descriptors to better understand current use

e To examine whom we study in genomic investigations
e To explore why we identify individuals and populations in genomic studies



https://www.eventbrite.com/e/public-workshop-on-use-of-population-descriptors-in-genomics-research-tickets-287946785587
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e To examine and identify the criticisms and challenges in current use of population descriptors
in genomics research

11:10 am Brief introduction to the session by the moderator
11:15 am Speakers’ Talks (15 minutes each)

Pilar Ossorio

Professor of Law and Bioethics

University of Wisconsin-Madison, Law School
University of Wisconsin-Madison, Medical School

Joseph Graves

Professor of Biological Sciences

Pl: IBIEM@ AT and BEACON@A&T

Associate Director, Triangle Center for Evolutionary Medicine
Department of Biology

North Carolina A&T State University

Andrew Clark

Jacob Gould Schurman Professor of Population Genetics

Nancy and Peter Meinin Family Investigator

Associate Director, Cornell Center for Comparative and Population Genomics
Interim Chair, Department of Computational Biology

Cornell University

Rina Bliss
Associate Professor of Sociology
Rutgers University

12:15 pm Q&A with speakers

1:00 pm Break



Session Il: Future Use of Population Descriptors in Genomics Research
Moderator: Rick Kittles, City of Hope

Session Objectives:
e To consider the diverse types of population and individual descriptors (e.g. origins, definitions,
and usage in the U.S., implications for non-U.S. participants)

To discuss possible ideal descriptors of populations and individuals
e To consider standardized or ideal systems of population descriptors

1:30 pm Brief introduction to the session by the moderator
1:35 pm Speakers’ Talks (15 minutes each)

Tesfaye Mersha

Associate Professor of Human Quantitative Genetics
Department of Pediatrics

University of Cincinnati

Cincinnati Children’s Hospital Medical Center

Melinda Mills

Director, Leverhulme Centre for Demographic Sciences
Nuffield Professor of Sociology

University of Oxford

Joanna Mountain
Consultant
23andMe

Eimear Kenny

Founding Director, Institute for Genomic Health
Professor of Genetics and Medicine

Icahn School of Medicine at Mount Sinai

Stephanie Malia Fullerton

Professor of Bioethics and Humanities

University of Washington School of Medicine

Adjunct Professor

Departments of Epidemiology, Genome Sciences, and Medicine
University of Washington

Affiliate Investigator, Public Health Sciences Division

Fred Hutchinson Cancer Research Center



2:55 pm Q&A with speakers

3:50 pm Break

Session lll: Community Input on Population Descriptors in Genomics Research
Moderator: Katrina Claw, University of Colorado Denver — Anschutz Medical Campus

Session Objectives:
e To hear from a variety of stakeholders on the following topics:

o What works and doesn’t work about the current population descriptors used in
genomics research?
o0 What could be improved in current use of population descriptors in genomics

research?
4:00 pm Brief introduction to the session by the moderator
4:05 pm Speakers’ Comments (5 minutes each)

Catherine Potenski
Chief Editor
Nature Genetics

Donna Cryer
President & CEO
Global Liver Institute

Agustin Fuentes

Professor

Department of Anthropology
Princeton University

Charles Rotimi
President
American Society for Human Genetics

Judit Kumuthini

Bioinformatics Manager

Human Capacity Development Manager: Bioinformatics
University of Western Cape



Shishi Luo
Associate Director, Bioinformatics and Infectious Diseases
Helix Genomics

Julia Ortega
Vice President

iHope Genetic Health
Genetic Alliance

4:55 pm Concluding Remarks

5:00 pm Adjourn
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Statement of Task

An ad hoc committee under the auspices of the National Academies of Sciences, Engineering, and
Medicine’s Health and Medicine Division will convene to review and assess the existing methodologies,
benefits, and challenges in the use of race and ethnicity and other population descriptors in genomics
research. The committee work will focus on, but not be limited to the following tasks:

1.

2.

10.

11.

Document and evaluate the variety of population descriptors currently used in genomics
research and the potential benefits and challenges of changing these descriptors.

Assess how race, ethnicity, and genetic ancestry are currently being used as population
descriptors in health disparities research to study genetics and genomics.

Assess the appropriate use of race, ethnicity, and genetic ancestry as population descriptors
in the determination of genetic risk scores and health risk.

Develop feasible and logical approaches to advance appropriate use of race and ethnicity and
alternative population descriptors in published genomics research studies.

Examine the potential of new, culturally responsive methods and common data elements
(CDEs) for advancing harmonization of population descriptors in large genomic studies in
the United States and globally.

Assess when it is appropriate to use race and ethnicity as population descriptors in genetic
and genomic research, and provide recommendations to scientists and researchers for future
research.

Propose best practices for domestic and international harmonization of population group
descriptors.

Assess the scientific knowledge of the relationships among race, ethnicity, and population
genetic variation.

Identify and discuss potential obstacles to implementation of the new methods to describe
populations.

Discuss potential implementation strategies to help enhance the adoption of best practices by
the research community.

Identify obstacles and propose best practices in the use of population descriptors with legacy
biological samples and associated data.

The final report should describe best practices on the use of race, ethnicity, and genetic ancestry and
other population descriptors in genetics and genomics research, as formulated by the committee.
Attention should be given to how these best practices could be used by biomedical and scientific
communities to increase the robustness of study designs and methods for genetics and genomics
research in the United States and globally.



These elements are beyond the scope of this consensus study:

1. Examining the use of race and ethnicity in clinical care

2. Examining racism in science and genomics

3. Examining the use of race and ethnicity in biomedical research generally (non-genetic and
genomic research)

4. Providing policy recommendations to NIH and government agencies
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Committee Membership Roster

Aravinda Chakravarti, Ph.D. (Co-Chair)
Director, Center for Human Genetics and
Genomics

Muriel G & George W Singer Professor of
Neuroscience & Physiology

New York University Grossman School of
Medicine

Charmaine Royal, Ph.D. (Co-Chair)

Robert O. Keohane Professor of African &
African American Studies, Biology, Global
Health, and Family Medicine & Community
Health

Director, Duke Center on Genomics, Race,
Identity, Difference and Duke Center for Truth,
Racial Healing & Transformation

Duke University

Katrina Armstrong, M.D.

Executive Vice President for Healthand
Biomedical Sciences

Dean of the Faculties of Health Sciences and the
Vagelos College of Physicians and Surgeons
Chief Executive Officer of Columbia University
Irving Medical Center

Harold and Margaret Hatch Professor in the
Faculty of Medicine

Vagelos College of Physicians and Surgeons
Columbia University Irving Medical Center

Michael Bamshad, M.D.

Professor and Chief, Division of Genetic
Medicine

Allan and Phyllis Treuer Endowed Chair in
Genetics and Development

University of Washington & Seattle Children’s
Hospital

Luisa Borrell, Ph.D., D.D.S., M.P.H.
Distinguished Professor, Department of
Epidemiology & Biostatistics

Graduate School of Public Health & Health
Policy

City University of New York, NY

Katrina Claw, Ph.D.

Assistant Professor, Division of Biomedical
Informatics and Personalized Medicine,
Department of Medicine

Faculty, Colorado Center for Personalized
Medicine

University of Colorado Denver —Anschutz
Medical Campus

Clarence Gravlee, Ph.D.

Associate Professor, Department of
Anthropology

University of Florida

Mark Douglas Hayward, Ph.D.

Professor of Sociology

Centennial Commission Professor in the Liberal
Arts

Faculty Research Associate, Population
Research Center

The University of Texas at Austin

Rick Kittles, Ph.D.

Professor and Director of the Division of Health
Equities

Department of Population Sciences

City of Hope
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SandraSoo-lJin Lee, Ph.D.

Professor of Medical Humanities & Ethics
Chief of the Division of Ethics

Department of Medical Humanities & Ethics
(MHE)

Vagelos College of Physicians & Surgeons
Columbia University

Andrés Moreno-Estrada, M.D., Ph.D.
Professor

Advanced Genomics Unit

Centro de Investigacion y de Estudios
Avanzados del Instituto Politécnico Nacional
(CINVESTAV)

Ann Morning, Ph.D.

Associate Professor, Department of Sociology
Academic Director, 19 Washington Square
North (NYU Abu Dhabi in NY)

New York University

John Peter Novembre, Ph.D.

Professor, Department of Human Genetics,
Department of Ecology & Evolution
University of Chicago

Molly Przeworski, Ph.D.

Professor, Department of Biological Sciences,
Department of Systems Biology

Columbia University

Dorothy Roberts, J.D.

George A. Weiss University Professor of Law &
Sociology

Raymond Pace & Sadie Tanner Mossell
Alexander Professor of Civil Rights

University of Pennsylvania

Sarah A. Tishkoff, Ph.D

David and Ln Silfen University Professor
Departmentsof Genetics and Biology
Director, Center for Global Genomics & Health
Equity

University of Pennsylvania

Genevieve Wojcik, Ph.D.

Assistant Professor of Epidemiology
Department of Epidemiology, Johns Hopkins
Bloomberg School of Public Health
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Committee Member Biosketches

Aravinda Chakravarti, Ph.D. is the Director of the Center for Human Genetics & Genomics, and the
Muriel G & George W Singer Professor of Neuroscience & Physiology and Professor of Medicine at
the New York University Grossman School of Medicine. He has served on the faculty at the
University of Pittsburgh (1980 —1993), Case Western Reserve University (1994-2000), and Johns
Hopkins University (2000-2018). He is one of the founding Editors-in-Chief of Genome Research and
Annual Reviews of Genomics & Human Genetics, and is on the advisory boards of numerous
national and international Institutes, charities, academic societies, the NIH and biotechnology
companies. He has been a key participant in many genome projects, and now works on genome-
scale analysis of the molecular basis of human disease. He was the 2008 President of the American
Society of Human Genetics and been elected to the US National Academy of Science, the US
National Academy of Medicine, the Indian National Academy of Science and the Indian Academy of
Sciences. He was awarded the 2013 William Allan Award by the American Society of Human
Genetics and the 2018 Chen Award by the Human Genome Organization. Dr.Chakravarti received
his Ph.D. in human genetics in 1979.

Charmaine Royal, Ph.D. is the Robert O. Keohane Professor of African & African American Studies,
Biology, Global Health, and Family Medicine & Community Health at Duke University. She directs
the Duke Center on Genomics, Race, Identity, Difference and the Duke Center for Truth, Racial
Healing & Transformation. She held previous faculty appointments at Howard University.
Throughout her career, Dr. Royal has focused on ethical, social, scientific, and clinical implications of
human genetics and genomics, particularly issues at the intersection of genetics and “race”.
Bringing expertise from her work in these areas, she has served as a chair or member of numerous
national and international advisory boards and committees for government agencies, professional
organizations, not-for-profit entities, and corporations, including the Board of Directors for the
American Society of Human Genetics, the Independent Expert Committee for the Human Heredity
and Health in Africa (H3Africa) Initiative, and the Ethics Advisory Board for Illumina, Inc. Dr. Royal
obtained a bachelor’s degree in microbiology, master’s degree in genetic counseling, and doctorate
in human genetics from Howard University. She completed postgraduate training in ethical, legal,
and social implications (ELSI) research and bioethics at the National Human Genome Research
Institute of the National Institutes of Health, and in epidemiology and behavioral medicine at
Howard University Cancer Center. She was a member of the National Academies’ committees that
produced ‘Toward Precision Medicine: Building a Knowledge Network for Biomedical Research and
a New Taxonomy of Disease’ and ‘Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for
Action’.
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Katrina A. Armstrong, M.D. leads Columbia University’s medical campus asthe Executive Vice
President for Health and Biomedical Sciences. She is Chief Executive Officer of the Columbia
University Irving Medical Center and Dean of the Faculties of Health Sciences and Medicine, which
includes Columbia’s dental, medical, nursing and public health schools. She is aninternationally
recognized investigator in medical decision making, quality of care, and cancer prevention and
outcomes, an award winning teacher, and a practicing primary care physician. She has served on
multiple advisory panels for academic and federal organizations and has been elected to the
National Academy of Medicine, the American Academy of Arts and Sciences, the Association of
American Physicians, and the American Society for Clinical Investigation. Before joining Columbia,
Dr. Armstrong was the Jackson Professor of Clinical Medicine at Harvard Medical School, Chair of
the Department of Medicine and Physician-in-Chief of Massachusetts General Hospital, and
Professor of Epidemiology atthe Harvard T.H. Chan School of Public Health. Before joining Harvard,
she was Chief of the Division of General Internal Medicine, Associate Director of the Abramson
Cancer Center, and Co-Director of the Robert Wood Johnson Clinical Scholars Program at the
University of Pennsylvania. She is a graduate of Yale University (BA degree in architecture), Johns
Hopkins (MD degree), and the University of Pennsylvania (MS degree in clinical epidemiology). She
completed her residency training in internal medicine at Johns Hopkins.

Mike Bamshad, M.D. is Professor and Chief of the Division of Genetic Medicine in the Department
of Pediatrics at the University of Washington and Seattle Children’s Hospital, and holds the Allan
and Phyllis Treuer Endowed Chair in Genetics and Development. Dr. Bamshad is Editor-in-Chief of
Human Genetics and Genomics Advances, published by the American Society of Human Genetics.
His research focuses on understanding the impact of population structure and natural selection on
human genetic variation; developing innovative ways to discover genetic variants underlying
monogenic disorders, modifiers of monogenic traits and complex traits; and testing novel ways to
translate genomic advances into the practice precision genetic medicine. He and his colleagues
pioneered the use of exome and genome sequencing for discovery of genes underlying Mendelian
conditions and has contributed to the identification of hundreds of genes for Mendelian disorders.
He has also been a leader in understanding the relationship between genetic ancestry and notions
of race, developing innovative ways to openly share phenotypic information and genetic data (e.g.,
MyGene2) and building platforms for self-guided return of genetic testing results (e.g., My46) from
exome and whole genome sequencing in both research and clinical settings. He has published more
than 300 scientific manuscripts as well as papers in periodicals such as Scientific American, and co-
authors a popular textbook entitled Medical Genetics. He received his B.S. and M.D. at the
University of Missouri in Kansas City and his M.A. at the University of Kansas.

Luisa N. Borrell, D.D.S., Ph.D. is a Distinguished Professor in the Department of Epidemiology and
Biostatistics, City University of New York Graduate School of Public Health and Health Policy (CUNY
SPH), New York, NY. She is a social epidemiologist with a research interest on the role of
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race/ethnicity, socioeconomic position, and neighborhood effects as social determinants of health.
Her work on Hispanics’/Latinos’ racial identity brings attention to the need for disaggregated
analyses by race as Hispanics/Latinos are a heterogeneous group with a mix of European, Native
American and African ancestry. She also has expertise in research methods and analyses of large
and spatially-linked datasets. Dr. Borrell is a Fellow of the New York Academy of Medicine. She has
a Doctor in Dental Surgery and a Master in Public Health, from Columbia University, New York, NY,
as well as doctorate in Epidemiological Science from the University of Michigan, Ann Arbor, MI.

Katrina Claw, Ph.D. is an Assistant Professor in the Division of Biomedical Informatics and
Personalized Medicine in the Department of Medicine at the University of Colorado Anschutz
Medical Campus. Her research focuses broadly on personalizing medicine, using genetic
information and biomarkers for tailored treatment, in relation to pharmacogenomics as well as
understanding the ethical, cultural, and social implications of genomic research with populations
historically underrepresented in health research. Her current research includes studying
cytochrome P450 genetic variation in Indigenous communities (e.g., American Indian and Alaska
Native peoples). Her other projects include exploring the perspectives of tribal members on genetic
research with tribes and developing guidelines and policies in partnership with tribes. All of her
projects strive to use community based participatory research approach and include cultural and
Indigenous knowledge. She was awarded the Genomic Innovator Award from NHGRI in 2020 for her
work on pharmacogenomics approaches to drug metabolism in American Indian/Alaska Native
People. She received her B.S. and B.A. from Arizona State University and her Ph.D. from the
University of Washington.

Clarence C. Gravlee, Ph.D. is associate professor in the Department of Anthropology at the
University of Florida, where he is also affiliated with the Center for Latin American Studies, the
African American Studies Program, and the Genetics Institute. His research examines the genetic
and environmental contributors to hypertension in the African Diaspora, with an emphasis on the
biological consequences of systemic racism. His work, with collaborators, integrates methods and
theory from the social and biological sciences, including ethnography, social network analysis,
human biology, and genetics. Gravlee completed a B.A., M.A., and Ph.D. in anthropology at the
University of Florida, a Fulbright graduate fellowship at the Universitdt zu Koln (Cologne, Germany),
and postdoctoral training in community-based participatory research as a W.K. Kellogg Community
Health Scholar at the University of Michigan School of Public Health.

Mark D. Hayward, Ph.D. is a professor of sociology and Centennial Commission Professor in the
Liberal Arts at the University of Texas at Austin. Hayward is a health demographer. Building on a
long-standing interest in the developmental origins of adult health, his current work incorporates
biosocial lenses (e.g., pathophysiological pathways and genetic risk) to better understand how
social exposures from childhood through adulthood influence racial/ethnic disparities in dementia
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risk. Hayward is a recipient of the Matilda White Riley Award from the National Institutes of Health
for his contributions to behavioral and social scientific knowledge relevant to mission of NIH. He has
served on numerous major foundations (Robert Wood Johnson and Pew) and major federal
agencies (e.g., the National Institutes of Health and the National Center for Health Statistics).
Hayward is the current editor of his field’s major journal, Demography, and President-elect of the
Interdisciplinary Association of Population Health Science. He received his Ph.D. from Indiana
University and his B.A. from Washington State University. He has served on scientific advisory
boards at the NASEM including the Committee on Population and a Decadal Survey of Behavioral
and Social Science Research on Alzheimer's Disease and Alzheimer's Disease-Related Dementias.

Rick Kittles, Ph.D. is Professor and founding Director of the Division of Health Equities within the
Department of Population Sciences at the City of Hope (COH), Associate Director of Health Equities
of COH Comprehensive Cancer Center, and Co-founder and Scientific Director of African Ancestry,
Inc. His first faculty appointment was at Howard University where he helped establish the National
Human Genome Center at Howard University. Dr. Kittles is well known for his research of prostate
cancer and health disparities among African Americans, having published over 200 research articles.
Dr. Kittles’ research has focused on understanding the complex issues surrounding race, genetic
ancestry, and health disparities. He has been atthe forefront of the development of genetic
markers for ancestry and how genetic ancestry can be used in genetic studies on disease risk and
outcomes, showing the impact of genetic variation across populations. In 2010 Dr. Kittles was
named in Ebony magazine’s “The Ebony Power 100.” Dr. Kittles presented the Keynote Address to
the 2012 United Nations General Assembly, “International Day of Remembrance of Victims of
Slavery and the Transatlantic Slave Trade.” Recently he was named one of The Huffington Post’s “50
Iconic Black Trailblazers Who Represent Every State In America.” He received a Ph.D. in Biological
Sciences from George Washington University in 1998.

Sandra Soo-Jin Lee, Ph.D. is Professor of Medical Humanities and Ethics and Chief of the Division of
Ethics at Columbia University. Trained as a medical anthropologist, Dr. Lee leads interdisciplinary
bioethics research on race, ancestry and equity in genomics, precision medicine and artificial
intelligence, and publishes in the genomics, medical, bioethics, and social science literatures. Dr.
Lee has investigated racial categorization in human genetics for over two decades and co-edited
Revisiting Race in a Genomic Age (2008). Her current NIH funded projects include the Ethics of
Inclusion: Diversity in Precision Medicine Research. Dr. Lee is Co-Director of the Center for ELSI
Resources and Analysis and the ELSI Congress. She is President-elect of the Association of Bioethics
Program Directors and a Hastings Center Fellow. Dr. Lee serves on the US Health and Human
Services Secretary’s Advisory Committee on Human Research Protections, the Scientific Advisory
Boards of the Kaiser Permanente National Research Biobank and the Human Pangenome Reference
Consortium, and the editorial boards of the American Journal of Bioethics and Narrative Inquiry in
Bioethics. Dr. Lee received her doctorate from the University of California, Berkeley/UCSF joint
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program in Medical Anthropology and her undergraduate degree in Human Biology from Stanford
University.

Andrés Moreno-Estrada, Ph.D., M.D. is the Principal Investigator of the Human Evolutionary and
Population Genomics Laboratory at the Advanced Genomics Unit (UGA-CINVESTAYV), in Irapuato,
Mexico. Previously, he was Research Associate of the Genetics Department at Stanford University
until 2014. He is a Mexican population geneticist interested in human genetic diversity and its
implications in population history and medical genomics. His work integrates genomics, evolution
and precision medicine in projects involving large collections of understudied populations, in
particular from the Americas and the Pacific. He authored the most detailed work so far of the
genetic structure of the Mexican population, including the first genomic characterization of 20
diverse indigenous groups throughout Mexico, as well as fine-scale studies in the Caribbean region,
South America, and Polynesia. He is leading the Human Cell Map of Latin American Diversity to
increase the representation of diverse ancestry networks for the Human Cell Atlas project. For his
work in Latin America he was awarded the “George Rosenkranz Prize for Health Care Research in
Developing Countries” in 2012. He received his M.D. from University of Guadalajara in 2002 and
Ph.D. in Evolutionary Genetics from Pompeu Fabra University in 2009. Dr. Moreno was a
postdoctoral fellow until 2012 with Prof. Carlos Bustamante at Cornell University and Stanford
University School of Medicine.

Ann Morning, Ph.D. is an Associate Professor of Sociology at New York University and the Academic
Director of 19 Washington Square North, the home of NYU Abu Dhabi in New York. Trained in
demography, her research focuses on race, ethnicity, and the sociology of science, especially as
they pertain to census classification worldwide and to individuals’ concepts of difference. She is the
author of The Nature of Race: How Scientists Think and Teach about Human Difference (University
of California Press 2011), and co-author of An Ugly Word: Rethinking Race in Italy and the United
States (with Marcello Maneri, forthcoming in 2022 from Russell Sage Foundation). Morning was a
2008-09 Fulbright research fellow at the University of Milan-Bicocca and a 2014-15 Visiting Scholar
at the Russell Sage Foundation. She was a member of the U.S. Census Bureau’s National Advisory
Committee on Racial, Ethnic and Other Populations from 2013 to 2019 and has consulted on racial
statistics for the European Commission, the United Nations, and Elsevier. Morning holds her B.A. in
Economics and Political Science from Yale University, a Master’s of International Affairs from
Columbia University, and her Ph.D. in Sociology from Princeton University.

John Novembre, Ph.D. is a Professor at the University of Chicago in the Departments of Human
Genetics and Ecology & Evolution. His research has developed computational methods to answer a
diverse range of questions regarding genetic diversity. His work has especially had animpact on the
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understanding and analysis of geographic patterns in human genetic variation. He has been
awarded as a MacArthur Fellow, Searle Scholar, and Sloan Research Fellow, and his research is
supported by the National Institutes of Health. Dr. Novembre has authored more than 50 peer-
reviewed publications in leading journals, including Nature, Science, Nature Genetics, and the
American Journal of Human Genetics. He also serves as an academic editor for the journal Genetics,
and previously served on the Scientific Advisory Board for AncestryDNA. He received his B.A. from
The Colorado College and his Ph.D. from the University of California-Berkeley.

Molly Przeworski, Ph.D. is a Professor of Biological Sciences at Columbia University. Before moving
to Columbia University, she was a faculty member at the University of Chicago as well as at Brown
University and the Max Planck Institute for Evolutionary Anthropology in Germany. Her research
aims to understand the genetic basis and evolutionary history of heritable differences among
individuals; recent work focuses in part on genomic trait prediction in humans and implications. She
is the recipient of the Rosalind Franklin Award from the Genetics Society of America, a Sloan
Research Fellowship, and Howard Hughes Medical Institute Early Career Scientist Award, and is a
member of the American Academy of Arts and Sciences and the National Academy of Sciences. She
received a B.A. in Mathematics from Princeton University and a Ph.D. from the Committee on
Evolutionary Biology at the University of Chicago, then conducted postdoctoral research in the
Mathematical Genetics group of the University of Oxford in the United Kingdom.

Dorothy Roberts, J.D. is the George A. Weiss University Professor of Law & Sociology at University
of Pennsylvania, with joint appointments in the Departments of Africana Studies and Sociology and
the Law School, where she is the inaugural Raymond Pace and Sadie Tanner Mossell Alexander
Professor of Civil Rights. She is also Founding Director of the Penn Program on Race, Science &
Society. Author of Fatal Invention: How Science, Politics, and Big Business Re-create Race in the
Twenty-First Century, Roberts is an expert on structural racism in US science and medicine and the
use of race as a variable in scientific research. Her research has been supported by the American
Council of Learned Societies, National Science Foundation, Robert Wood Johnson Foundation,
Fulbright Program, Harvard Program on Ethics & the Professions, and Stanford Center for the
Comparative Studies in Race & Ethnicity. Recent honors include 2019 election as a College of
Physicians of Philadelphia Fellow, 2017 election to the National Academy of Medicine, 2016 Society
of Family Planning Lifetime Achievement Award, 2015 American Psychiatric Association Solomon
Carter Fuller Award, and 2011 election as a Hastings Center Fellow. Professor Roberts serves on the
advisory board for the Center for Genetics and Society. She received her J.D. from Harvard Law
School and her B.A., magna cum laude, Phi Beta Kappa from Yale College.
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Sarah Tishkoff, Ph.D. is the David and Lyn Silfen University Professor in Genetics and Biology at the
University of Pennsylvania, holding appointments in the School of Medicine and the School of Arts
and Sciences. She is also the Director of the Penn Center for Global Genomics & Health Equity. Dr.
Tishkoff studies genomic and phenotypic variation in ethnically diverse Africans, using field work,
laboratory research, and computational methods to examine African population history, the genetic
basis of anthropometric, cardiovascular, and immune related traits, and how humans have adapted
to diverse environments and diets. Dr. Tishkoff is a member of the National Academy of Sciences,
the American Academy of Arts and Sciences, and the National Academy of Medicine. She is a
recipient of an NIH Pioneer Award, a David and Lucile Packard Career Award, a
Burroughs/Wellcome Fund Career Award, the ASHG Curt Stern Award, and a Penn Integrates
Knowledge (PIK) endowed chair. She is on the NAS Board of Global Health and the Scientific
Advisory Board for the Packard Fellowships in Science and Engineering, and is on the editorial
boards at Cell, PLOS Genetics, and G3 (Genes, Genomes, and Genetics). She received her Ph.D. in
Genetics and M.Phil in Human Genetics from Yale University and her B.S. in Anthropology &
Genetics from University of California-Berkeley.

Genevieve L. Wojcik, Ph.D. is an Assistant Professor of Epidemiology at the Johns Hopkins
Bloomberg School of Public Health in Baltimore, Maryland. As a statistical geneticist and genetic
epidemiologist, her research focuses on method development for diverse populations, specifically
understanding the role of genetic ancestry and environment in genetic risk in admixed populations.
Dr. Woijcik integrates epidemiology, sociology, and population genetics to better understand
existing health disparities in minority populations, as well as underserved populations globally. In
2021, she was the recipient of one of NHGRI’s Genomic Innovator Awards (R35) to do this work. She
is a long-standing member of multiple NHGRI consortia focused on diverse populations, such as the
Population Architecture using Genomics and Epidemiology (PAGE) Study, which was formed by
NHGRI over a decade ago to address the lack of genetics research in non-European ancestry
populations, and the PRIMED consortium, which began this year to better conduct research around
polygenic risk scores in diverse populations. Dr. Wojcik previously served as a consultant with
lllumina, Inc. Prior to her faculty appointment, Dr. Wojcik was a postdoctoral research scholar at
Stanford University in the Departments of Genetics and Biomedical Data Science. She received her
Ph.D. in Epidemiology and M.H.S. in Human Genetics/Genetic Epidemiology from the Johns Hopkins
Bloomberg School of Public Health and her B.A. in Biology from Cornell University.
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Speaker Biosketches

Rina Bliss, Ph.D., is Associate Professor of Sociology at Rutgers University. She teaches
courses in the sociology of health and illness, and science and technology. She is the author of
Race Decoded: The Genomic Fight for Social Justice and Social by Nature: The Promise and
Peril of Sociogenomics. Dr. Bliss’s research examines the sociology of today's newest avenues in
science and medicine —namely, genomics and postgenomics. In Race Decoded: The Genomic
Fight for Social Justice, Bliss reveals how DNA science has emerged to become the newest
authority on the meaning of race. She demonstrates the institutionalization of academic-industry-
governmental ties as well as the crystallization of deterministic notions of race that perpetuate
social inequality even as they aim to prevent it. In Social by Nature: The Promise and Peril of
Sociogenomics,Bliss illuminates cutting-edge developments in gene-environment science as
natural and social scientists partner to create DNA analyses of social behavior. Following a small
group of innovators, the book exposes the evolution of a new field of genomics that evinces
novel patterns in interdisciplinarity, such as transdisciplinarity marked by power imbalances in
genetic versus social science. These imbalances shape how the field constructs concepts of race,
gender, and sexuality. Dr. Bliss received her Ph.D. in Sociology from the New School for Social
Research in 2009.

Andrew Clark, Ph.D., is the Jacob Gould Schurman Professor of Population Genetics in the
Department of Molecular Biology and Genetics, a Nancy and Peter Meinig Family Investigator,
the Associate Director of the Cornell Center for Comparative and Population Genomics (3CPG),
and the chair of the Department of Computational Biology at Cornell University. Dr. Clark is a
population geneticist focused on empirical and analytical problems associated with genetic variation
in populations. Dr. Clark researches the genetic basis of adaptive variation in natural populations,
with an emphasis on quantitative modeling of phenotypes as networks of interacting genes. He
has several projects centered on the genetic basis for complex traits, especially in cases that
have a well understood gene regulatory network underlying the trait. His work in humans
concentrates on cardiovascular disease risk, population genetic applications of genome-wide SNP
data, and the phenomenon of genomic imprinting. He has published more than 400 peer-reviewed
papers in the field of population genetics and is co-author with Dan Hartl of Principles of
Population Genetics. Dr. Clark was elected Fellow of the American Association for the
Advancement of Science (AAAS) in 1994, and he serves on review panels for the
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National Institutes of Health, National Science Foundation, and the Max Planck Society. In May
of 2012, Dr. Clark was elected to the National Academy of Science. He received his Ph.D. n
Population Genetics at Stanford University in 1980.

Ste phanie Malia Fullerton, D.Phil, is Professor of Bioethics and Humanities at the University
of Washington School of Medicine. She is also Adjunct Professor in the UW Departments of
Epidemiology, Genome Sciences, and Medicine (Medical Genetics), as well as an affiliate
mvestigator with the Public Health Sciences division of the Fred Hutchinson Cancer Research
Center. Dr. Fullerton’s work focuses on the ethical and social implications of genomic research
and its equitable and safe translation for clinical and public health benefit. She contributes to a
range of empirical projects focused on clinical genomics translation and precision medicine
approaches to the treatment and prevention of common complex diseases in diverse patient
populations. She received a Ph.D. in Human Population Genetics from the University of Oxford
and later re-trained in Ethical, Legal, and Social Implications (ELSI) research with a fellowship
from the NIH National Human Genome Research Institute.

Joseph Graves, Jr., Ph.D., is Professor of Biological Sciences in the Biology Department of
North Carolina A&T State University. His research examines the evolutionary genomics of
adaptation, biological aging, and bacterial responses to nanomaterials. Dr. Graves has authored
multiple books on the biology of race, including 7The Emperor’s New Clothes: Biological
Theories of Race (2001), The Race Myth: Why We Pretend Race Exists in America (2005), and
Racism, Not Race: Answers to Frequently Asked Questions (2021) with Alan Goodman. Dr.
Graves was elected a Fellow of the Council of the American Association for the Advancement of
Science (AAAS) in 1994. In 2012, he was chosen as one of the “Sensational Sixty”
commemorating 60 years of the National Science Foundation Graduate Research Fellowship
Award. In 2017, he was listed as an “Outstanding Graduates” in Biology atOberlin College and
was named an “Innovator of the Year” in US Black Engineer Magazine. Graves received his

Ph.D. in Environmental, Evolutionary and Systematic Biology from Wayne State University in
1988.

Eimear Kenny, Ph.D., is a Professor of Medicine and Genetics, and the Founding Director of
the Institute for Genomic Health, at the Icahn School of Medicine at Mount Sinai. She is a
renowned expert in population genetics and translational genomics. She leads a multidisc iplinary
team of geneticists, computer scientists, clinician scientists, working on problems at the interface
of genetic ancestry, genomics, and medicine. Her research is focused on uncovering the clinical
impact of human genetic variation and accelerating the implementation of genomic information
in routine clinical care in diverse populations. Her work seeks to build better tools, resources,
and best practices to broaden diversity and representation in genomic research and ameliorate
health disparities in the implementation of genomic medicine. She is Principal Investigator in 6
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large national programs focused on genomic research, medicine and health. She is a scientific
advisor to many genomic and genomic medicine initiatives in government, non-profit and
industry arenas. She has published over 130 papers in leading journals like Science, Nature,
Nature Genetics, NEJM,with over 18,000 citations, and her work has been featured by many
media outlets including the New York Times. She has a B.A. in Biochemistry from Trinity
College Dublin, a Ph.D. in computational genomics from Rockefeller University, and did her
postdoctoral training in population genetics at Stanford University

Tesfaye B. Mersha, Ph.D., is Associate Professor in Human Genetics at the Cincinnati
Children’s Hospital Medical Center and University of Cincinnati College of Medicine. Dr.
Mersha leads the Population Genetics, Ancestry and Bioinformatics (pGAB) Laboratory. Dr.
Mersha’s research combines quantitative, ancestry and statistical genomics to unravel genetic
and non-genetic contributions to complex diseases and racial disparities in human populations,
particularly asthma and asthma-related allergic disorders. Mersha is a recognized expert in the
field of genetic ancestry, race, ethnicity, admixture mapping and mining functional genomic
databases related to complex diseases. Much of his research s at the interface of genetic
ancestry, statistics, bioinformatics, and functional genomics, and he is interested in crossline
disciplines to unravel the interplay between genome and environment underlying racial
disparities in asthma risk. His long-term research goal is to understand and dissect how biologic
predisposition and environmental exposures interact to shape racial disparities in complex
disorders. His long-term research goals are to understand and dissect the role of genetic and
genetic-modifying causes of asthma and reduce health disparities in children. Current research
mterests and projects include ancestry analysis, association mapping, gene expression analysis,
biological pathways/networks analysis, data mining and multi-omics mntegration, and socio-
cultural and exposure studies. Dr. Mersha has been appointed to serve on the National Institutes
of Health (NIH) Genetics of Health and Disease Study Section and invited to speak at the NIH
on the topic of “My Road to Success in Science.” He has also been invited to moderate panels on
the use of ancestry, race, and ethnicity in biomedical research at the NIH and at the Missouri
State University Public Affairs Conference. Dr. Mersha is the recipient of awards and honors that
include a Faculty Research Achievement Award from Cincinnati Children’s Hospital Medical
Center, the African Professionals Network (APNET) Business and Professional Achievement
Award, and a Keystone Symposia Early Career Investigator Award. His research is continuously
funded by the National Institute of Health (NIH).

Melinda Mills, Ph.D., is Director of Leverhulme Centre for Demographic Science (LCDS) and
the Nuffield Professor of Sociology atthe University of Oxford. She is the co-founder of the
GWAS Diversity Monitor that tracks ancestral and geographic diversity of research subjects in
medical and genetic discoveries in an effort to promote accountability among researchers. Dr.
Mills is Principal Investigator of the Leverhulme Trust Large Centre Grant for the Leverhulme
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Centre for Demographic Science, the European Research Council (ERC) Advanced Grant
CHRONO, and the ERC-funded social business enterprise called DNA4Science. She is on the
Scientific and Ethics Advisory Board of Our Future Health, the new 5 million person UK data
collection project. Her research spans multiple topics in demography, empirical sociology,
statistics and genetics. Her recent work focuses on sociogenomics, combining a social science
and molecular genetic approach to the study of behavioral outcomes, with a focus on
reproduction (fertility), assortative mating, chronotypes, and nonstandard employment. Other
mterests include behavioral approaches to health interventions, such as behavioral and policy
responses to face coverings and vaccine deployment. Her work is widely cited, and Dr. Mills has
published seven books and over 100 articles across multiple scientific disciplines including
Nature Genetics, Science, Proceedings of the National Academy of Sciences, Annual Review of
Sociology,JAMA Psychiatry,Journal of Marriage and Family, and Social Forces. She has
written two statistical textbooks, Introducing Survival and Event History Analysis (2011) and An
Introduction to Statistical Genetic Data Analysis (2020). Mills received her Ph.D. in
Demography from the University of Groningen in the Netherlands in 2000.

Joanna Mountain, Ph.D., is a consultant and former Senior Director of Research at 23andMe.
Dr. Mountain joined 23andMe from Stanford University where she specialized in human
evolutionary genetics as a faculty member within the Anthropological Sciences and Genetics
Departments. Her areas of interest include the following: phenotype and the interactions among
genotype, environment, and culture; the extent to which genetic data canreveal details of human
history; ethical issues regarding human genetics; biology, genetics, and concepts of race and
ethnicity; and the development of statistical tools for analyzing population genetic data. Dr.
Mountain has been the recipient of a number of academic awards, including grants from the
National Science Foundation and National Institutes of Health. Dr. Mountain received her Ph.D.
in Genetics from Stanford University in 1994 and subsequently conducted postdoctoral research
on human population genetics within the Integrative Biology Department at the University of
California, Berkeley.

Pilar Ossorio, J.D., Ph.D., is Professor of Law and Bioethics at the University of Wisconsin-
Madison (UW), where she is on the faculties of both the Law School and the Medical. In 2011,
Dr. Ossorio became the inaugural Ethics Scholar-in-Residence at the Morgridge Institute for
Research, a private, nonprofit research institute that is part of the Wisconsin Institutes of
Discovery. In addition, at UW, she serves as the co-director of the Law and Neuroscience
Program and is a faculty member in the Masters in Biotechnology Studies program and the
Graduate Program in Population Health. Centering on research ethics and the protection of
research participants, Dr. Ossorio's primary research interests include governance of large
bioscience projects, data sharing in scientific research, the use of race in biomedical and social
science research, ethical and regulatory issues in research with human subjects, the regulation
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and ethics of online research, and policy issues raised through scientific discovery and
translational research. Dr. Ossorio has participated in numerous advisory committees and boards
that aid governments in establishing science policy. She has advised the U.S. National Institutes
of Health, the Food and Drug Administration, Genome Canada, and Health Canada. She is an
elected fellow of the American Association for the Advancement of Science (AAAS). She has
also served as a member of, or liaison to, several boards and committees of the National
Academies of Sciences, Engineering, and Medicine, including the National Cancer Policy Board,
the Human Embryonic Stem Cell Advisory Committee, and the Committee on Intellectual
Property Rights. Ossorio received her Ph.D. in Microbiology and Immunology from Stanford
University in 1990 and her J.D. from the University of California at Berkeley in 1997.
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Committee on Use of Race, Ethnicity, and Ancestry as Population
Descriptors in Genomics Research

Public Workshop on Use of Population Descriptors in Genomics
Research

SPEAKER GUIDANCE: CONTEXT AND QUESTIONS

As a first step in the information gathering phase of their work, the Committee on Use of Race,
Ethnicity, and Ancestry as Population Descriptors in Genomics Research, would like to learn more
about whom is studied in genomics research and how population descriptors are used within these
studies. The goal for this workshop is to learn more about the historical context of population
descriptors and how to standardize and use population descriptors in the future.

Session I: Historical and Current Use of Population Descriptors in Genomics Research

Objectives
e To explore historical use of population descriptors to better understand current use.
e To examine whom we study in genomic investigations.
e To explore why we identify individuals and populations in genomic studies.
¢ To examine and identify the criticisms and challenges in current use of population descriptors in genomics

research.
Key Questions for Speakers:

1. What is the rationale for whom we study? Are the rationales different in different types of genomic
studies?

2. How do we sample for these studies?

How and why have we addressed population diversity in these contexts?

4. How do genomic scientists define human populations? How is the notion of human populations
contested?

5. What are the rationales for identifying people in genomic studies? Why do researchers sort people and
populations in these studies?

6. What are the current descriptors used and why do we use them?

W
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Committee on Use of Race, Ethnicity, and Ancestry as Population
Descriptors in Genomics Research

Public Workshop on Use of Population Descriptors in Genomics
Research

SPEAKER GUIDANCE: CONTEXT AND QUESTIONS

As a first step in the information gathering phase of their work, the Committee on Use of Race,
Ethnicity, and Ancestry as Population Descriptors in Genomics Research, would like to learn more
about whom is studied in genomics research and how population descriptors are used within these
studies. The goal for this workshop is to learn more about the historical context of population
descriptors and how to standardize and use population descriptors in the future.

Session Il: Future Use of Population Descriptors in Genomics Research

Objectives

e To consider the diverse types of population and individual descriptors (e.g. origins, definitions, and
usage in the U.S., implications for non-U.S. participants)

e To discuss possible ideal descriptors of populations and individuals

e To consider standardized or ideal systems of population descriptors

Key Questions for Speakers:

1. What might the features of a genetically or biologically based system of population descriptors be?
What are the caveats of such a system? How can these systems be clear and understandable to the
general public?

What should not be used as a population descriptor and why?

How could population descriptors capture true individual diversity?

How do population descriptors used in the U.S. translate, or not translate, in other countries?

What would it take to create globally standardized population descriptors? (e.g. stakeholders,
collaborations, etc.)
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Committee on Use of Race, Ethnicity, and Ancestry as Population
Descriptors in Genomics Research

Public Workshop on Use of Population Descriptors in Genomics
Research

SPEAKER GUIDANCE: CONTEXT AND QUESTIONS

As a first step in the information gathering phase of their work, the Committee on Use of Race,
Ethnicity, and Ancestry as Population Descriptors in Genomics Research, would like to learn more
about whom is studied in genomics research and how population descriptors are used within these
studies. The goal for this workshop is to learn more about the historical context of population
descriptors and how to standardize and use population descriptors in the future.

Session III: Community Input on Population Descriptors in Genomics Research

Objectives

e The committee requests public comments on the current use of population descriptors such as race,

ethnicity, ancestry, etc. in genomics research and how the use of population descriptors could be improved
upon in the future.

Key Questions for Speakers:

1. How do you identify yourself and how do you think that should be incorporated into genetics research
studies?

2. How are population descriptors such as race, ethnicity, and ancestry being used or not used effectively

in genomics research?

What population descriptors, if any, should not be used in genomics research?

Do all genetic studies need specific population and/or individual descriptors of their study subjects?

What aspects of the current use of population descriptors in genomics research need to be changed or

improved?

6. How should population descriptors be used in genomics research moving forward?
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Session 111: Community Input on Population Descriptorsin Genomics Research

The Committee on Use of Race, Ethnicity, and Ancestry as Population Descriptorsin Genomics

Research requests public comments on the current use of population descriptors such as race, ethnicity,
ancestry, etc. in genomics researchand how the use of population descriptors could be improved upon
in the future. The comments may be used, with attribution, in the committee’sfinal report which is
planned for releasein 2023. The committee will also invite a few authors representing a sample of the
submissions to present their comments at a public workshop in June. We will be accepting submissions
to this form through June 1st, 2022.

Questions to Consider:

e How do you identify yourself and how do you think that should be incorporated into genetics
research studies?

e How are population descriptors such as race, ethnicity, and ancestry being used or not used
effectively in genomics research?

¢  What population descriptors, if any, should not be used in genomics research?

e Do all geneticstudies need specific population and/or individual descriptors of their study
subjects?

e What aspects of the current use of population descriptors in genomics research need to be
changedor improved?

e How should population descriptors be used in genomics research moving forward?

Submit your comment here.
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Evolving use of ancestry, ethnicity, and race in
genetics research—A survey spanning seven decades

Yen Ji Julia Byeon,!.® Rezarta Islamaj,?2 Lana Yeganova,? W. John Wilbur,2 Zhiyong Lu,?
Lawrence C. Brody,** and Vence L. Bonham3*

Summary

To inform continuous and rigorous reflection about the description of human populations in genomics research, this study investigates
the historical and contemporary use of the terms “ancestry,” “ethnicity,” “race,” and other population labels in The American Journal of
Human Genetics from 1949 to 2018. We characterize these terms’ frequency of use and assess their odds of co-occurrence with a set of
social and genetic topical terms. Throughout The Journal’s 70-year history, “ancestry” and “ethnicity” have increased in use, appearing
in 33% and 26% of articles in 2009-2018, while the use of “race” has decreased, occurring in 4% of articles in 2009-2018. Although its
overall use has declined, the odds of “race” appearing in the presence of “ethnicity” has increased relative to the odds of occurring in its
absence. Forms of population descriptors “Caucasian” and “Negro” have largely disappeared from The Journal (<1% of articles in 2009-
2018). Conversely, the continental labels “African,” “Asian,” and “European” have increased in use and appear in 18%, 14%, and 42% of
articles from 2009-2018, respectively. Decreasing uses of the terms “race,” “Caucasian,” and “Negro” are indicative of a transition away

from the field’s history of explicitly biological race science; at the same time, the increasing use of “ancestry,

" “ethnicity,” and continen-

tal labels should serve to motivate ongoing reflection as the terminology used to describe genetic variation continues to evolve.

Introduction

The field of human genetics has struggled since its incep-
tion with the task of conceptualizing and describing
geographic and population-based genetic variation. First
thought of as hierarchical and unequal taxonomic types,
then reframed as isolates that differ in allele frequency,’
and now in terms of genetic ancestry,” the idea of the “pop-
ulation” in human genetics has continuously evolved
since the field’s earliest decades. Today, advances in geno-
mics continue to spur discussions about how the field
can accurately describe human genetic diversity.” Central
to these discussions is how it will reconcile its legacy of
scientific racism.* We use this phrase to refer both to the
historical practice of studying races as distinct biological
groups and more broadly to the incorrect conceptualiza-
tion of racial difference as biological in ways that
contribute to social stratification and inequity.

Today, three concepts take center stage in these discus-
sions, each of which brings its own challenges: ancestry,
ethnicity, and race. Racial and ethnic group membership
is used as a covariate in genomic studies to account for con-
founding related to genetic ancestry or social determinants
of health. For example, geneticists may address confound-
ing due to genetic ancestry by stratifying analyses by racial
or ethnic categories or improve power to detect genetic as-
sociations by including a race or ethnicity variable that ac-
counts for variation due to social stratification.” Although
the field has made progress in rejecting the idea of racial

and ethnic categories as discrete biological units, the
continuing use of race and ethnicity as proxies for genetic
ancestry remains scientifically and socially problematic.°
Ancestry, more specifically, genetic ancestry, has been
described as information about the ancestors or popula-
tions from whom one has inherited genetic material.”
Although ancestry may lend itself to a quantitative
description of human genetic variation, a unified defini-
tion of this concept has yet to be developed, and even a
precise definition of the “populations” from whom one
has inherited genetic material remains elusive.”®

Given the complexity of these concepts and their under-
lying histories, there is a lack of consensus in the field on
how ancestry, ethnicity, and race should be understood.
This is reflected in the increasingly heterogeneous ways
that the concepts are employed in clinical research and
practice.”'” Members of the genetics community have
called for consensus on how these data should and should
not be used® as well as called on the National Institutes of
Health to support the National Academy of the Sciences,
Engineering, and Medicine in developing a consensus state-
ment on best practices for characterizing human genetic di-
versity in research.' "' Others have proposed standardized
systems for annotating populations'® and expressed opti-
mism that advances in genetic technologies may allow
the field to move past the use of race and ethnicity.***

An important component of ongoing efforts to establish
consensus in this area of human genetics is knowledge
about the social and historical paths through which the
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Table 1.

Percentage of 200-token segments and articles containing terms used for analysis, 1949-2018

Term

Articles, n (%) Even segments, n (%)

Admixture, admixtures, admix, admixed

African, Africans (excluding African American)
Allele, alleles, allelic

Ancestry, ancestries, ancestral, ancestrally

Asian, Asians (excluding Asian American)

Behavior, behaviors, behavioral

Caucasian, Caucasians, Caucasoid, Caucasoids
Diversity, diverse

Environment, environments, environmental, environmentally
Ethnicity, ethnicities, ethnic, ethnically

European, Europeans (excluding European American)
Frequency, frequencies

Geography, geographies, geographic, geographically
Haplotype, haplotypes, haplotypic

Hispanic, Hispanics

Language, languages, linguistic, linguistically
Latino, Latinos, Latina, Latinas, Latinx

Linkage, linkages

Locus, loci

Negro, Negroes, Negroid, Negroids

Population, populations

Race, races, racial, racially

Religion, religions, religious, religiously

Social, socially

Socioeconomic, socioeconomically

Total

981 (8.5) 2,969 (2.5)
1,116 (9.6) 3,398 (2.9)
7,984 (68.9) 37,219 (31.5)
2,351 (20.3) 6,799 (5.8)
950 (8.2) 2,755 (2.3)
1,608 (13.9) 2,928 (2.5)
1,391 (12.0) 3,381 (2.9)
2,114 (18.2) 4,527 (3.8)
2,843 (24.5) 5,966 (5.1)
2,208 (19.1) 4,344 (3.7)
2,637 (22.8) 6,545 (5.5)
7,769 (67.0) 28,741 (24.2)
1,131 (9.8) 2,438 (2.1)
3,720 (32.1) 15,489 (13.1)
397 (3.4) 883 (0.7)
870 (7.5) 1,992 (1.7)
67 (0.6) 181 (0.2)
5,605 (48.4) 21,950 (18.6)
7,111 (61.4) 31,446 (26.7)
373 (3.2) 1,121 (1.0)
7,572 (65.3) 31,899 (27.0)
852 (7.4) 1,691 (1.6)
247 (2.1) 386 (0.3)
1,038 (9.0) 1,898 (1.6)
215 (1.9) 353 (0.3)

11,590 (100.0) 117,986 (100.0)

field has come to its current understanding of ancestry,
ethnicity, and race. To this end, we investigated how the
frequency of the terms “ancestry,” “ethnicity,” “race,”
and other population labels have changed over the 70-
year publication history of The American Journal of Human
Genetics (1949-2018). Additionally, in order to assess the
evolving context in which the three concepts were used,
we tested for non-random term co-occurrences between
“ancestry,” “ethnicity,” and “race” and a predetermined
set of social, genetic, and population terms from 1949 to
2018. In doing so, we aim to push for continuous and
rigorous reflection surrounding the use of these population
concepts in human genetics.

”

Material and methods

Data
We obtained digital versions of the full text of every document
published in The Journal from its founding in 1949 up to 2018.

These files were held by the National Library of Medicine
(NLM) at the National Institutes of Health and obtained for pur-
poses of research with permission from the American Society of
Human Genetics. We sought matches for all articles in this
archive to a PMID in MedLine and/or a PMCID in PubMed Cen-
tral. Articles without a PMCID or PMID, which comprised book
reviews, abstract books, disciplinary announcements, indexes,
and tables of contents, were not included in the dataset. The ma-
jority of the remaining articles were scientific research articles
(11,360), and a small minority (275) were award speeches and
other communications. Of the 11,635 articles included in anal-
ysis, 6,750 were in the form of extracted text from optical char-
acter recognition (OCR) versions of scanned journal pages. For
the remaining 4,885 articles, the full text was readily available
in XML format.

After removing the references sections of articles, all text was
converted to the ASCII character set. For text obtained from
OCR versions of PDF files, words broken over line breaks were re-
paired as described in the supplemental materials and methods.
Punctuation, numerical tokens, and single-character terms were
removed. Finally, we ensured that any occurrence of the term
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Figure 1.
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where t is the target term, s is the co-occurring word of interest,
and N is the total number of 200-token segments in a given range
of years. n; represents number of segments containing ¢, n, repre-
sents number of segments containing s, and n, represents number
of segments containing both.

Visualization of parameters of random variable y, n,,

“race” in the dataset referred solely to the population concept, as
the term could also be a part of an author name (e.g., Robert
Race), an abbreviation for a molecular biology method (rapid
amplification of cDNA ends), or the word in the sense of a
competition (e.g., “race to the finish line”). Informed by term as-
sociations, manual review, and orthographic characteristics of
the term “race,” we converted “race” to “xace” wherever it was
not used in the population sense.

Selection of terms for analysis

We preselected 25 terms for which to calculate frequencies of use
and odds of co-occurrence. In addition to “ancestry,” “ethnicity,”
and “race,” we examined 15 topical terms that have been related
to these concepts (“admixture,” “allele,” “behavior,” “diversity,”
“environment,” “frequency,” “geography,” “haplotype,” “lan-
guage,” “linkage,” “locus,” “population,” “religion,” “social,” “so-
cioeconomic”) and seven population descriptors (“African,”
“Asian,” “Caucasian,” “European,” “Hispanic,” “Latina/o/x,”
“Negro”). The population descriptors “African,” “Asian,” and “Eu-
ropean” refer to these specific forms of the descriptors and exclude
uses of “African American,” “Asian American,” and “European
American.” Terms were selected for their relevance to ancestry,
ethnicity, and race as well as specificity of meaning (e.g., “culture”
was not chosen because it could also refer to cell cultures; “Black”
and “White” could refer to the colors, as in “the black arrows indi-
cate...” or “white blood cell”). We expanded each selected term to
include alternate forms of the word with the same stem; for
example, instances of “ancestral,” “ancestries,” and “ancestrally”
were all counted as uses of “ancestry.” Table 1 lists the 25 terms,
their alternate forms, and their frequencies.

In order to investigate the ideas associated with and relation-
ships between “ancestry,” “ethnicity,” and “race” in The Journal,
we determined and compared co-occurrence patterns between
(1) pairs of “ancestry,” “ethnicity,” and “race” (i.e., “ancestry” +
“ethnicity,” “ancestry” + “race,” “ethnicity” + “race”), (2) 15
topical terms and each of “ancestry,” “ethnicity,” and “race” (i.e.,
each topical term + “ancestry,” each topical term + “ethnicity,”

" u " ou

each topical term + “race” for 45 comparisons total), and (3) seven
population descriptors and each of “ancestry,” “ethnicity,” and
“race” (i.e., each population descriptor + “ancestry,” each popula-
tion descriptor + “ethnicity,” each population descriptor + “race”
for 21 comparisons total).

Measuring term co-occurrence

Using co-occurrence as a measure of relatedness between a pair
of words is guided by a fundamental distributional hypothesis
in linguistics stating that the meaning of words is determined
by the contexts in which they occur or the words with which
they occur.’® This hypothesis informs statistical methods such
as language modeling,'® word embeddings,'”'® and word simi-
larity measures.'”?” Given a pair of words, we analyze whether
they co-occur more than expected by chance and interpret
this as evidence that they have a semantic relationship.

Co-occurrence refers to how often a pair of words appear
together in the same texts or documents. Ideally, these docu-
ments would all be of the same length, as longer documents
are a priori more likely to contain a given word than shorter doc-
uments. To eliminate this bias, we split documents into disjoint
text windows or segments of 200 words (space separated tokens)
and defined the co-occurrence between two terms as the num-
ber of text windows in which both terms occur.’’ An advantage
of this partitioning is that the relatively small size of the seg-
ments implies a closer relationship between words that co-
occur. Using smaller pieces of text also increases the sensitivity
of statistical testing to determine whether terms co-occur at a
higher frequency than predicted by random mixing. Although
paragraphs could also be used as text segments, a substantial
proportion of the text we analyzed was obtained by OCR
applied to scanned text, making it difficult to identify paragraph
boundaries.

When partitioning documents into 200-token segments, it is
possible that our two terms of interest become separated by the
border between adjacent segments. To account for terms that are
in close proximity but separated by the border of adjacent seg-
ments, we started a new segment after every 100 tokens, such
that each had a 100-token overlap with adjacent segments. To
eliminate double-counting of co-occurrences caused by the over-
laps, we numbered the segments and computed results separately
for even- and odd-numbered segments. We report results by using
even segments. Results computed from odd segments were not
substantially different and are reported in Table S3. Yearly counts
of articles and segments are shown in Figure S1.

Figure 1 illustrates our method for assessing whether two
terms co-occurred more often than expected by chance in a
given set of segments. In our analyses, we considered either
the even or odd segments from 10-year intervals at a time, incre-
menting the decades by one year in order to identify temporal
trends (e.g., 1949-1958, 1950-1959, 1951-1960, ..., 2008-
2017, 2009-2018). The outside blue oval represents the set of
all 200-token segments in a decade. Term f splits the space
into two subsets of segments: those that contain the term (or-
ange oval) and the rest. Further, consider term s and assume
that it co-occurs with t in ny segments. The p value is the prob-
ability that the observed or greater overlap between the two
terms would happen by chance as determined by the size of
the space of segments and the number of segments containing
s and the number containing t. Mathematically, a random vari-
able y representing the overlap between the target term t and
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Percentage of 200-token segments containing “ancestry,

= Articles

—— Segments

" “ethnicity,” “race,” and other population descriptors

(A-J) Yearly percentage of 200-token segments (pink) and articles (blue) containing “ancestry” (A), “ethnicity” (B), “race” (C), “African”
(D), “Asian” (E), “Caucasian” (F), “European” (G), “Hispanic” (H), “Latina/o/x” (I), and “Negro” (J) from 1949-2018.

term s is a hypergeometric random variable with parameters n;,
n, ng and the probability function:*!

P(}/)‘(St)(i’;[)/(fz)

The mean of this distribution is the expected co-occurrence on a
random basis and is given by nsn; /N. We compute the p value, i.e.,
the probability of the observed or a greater co-occurrence fre-
quency arising by chance as the following:

min(ns, ny)
pvalue= P(y)

Y=nst

This calculation is equivalent to representing the presence or
absence of two terms in a two-by-two contingency table and con-
ducting a one-sided Fisher’s exact test.'”

We measured the “effect size” as the odds ratio (OR)*’— the ra-
tio of the odds of term f occurring in a segment where term s is
present—to its odds of being present in the absence of s. The
OR is given by %, and N represents the total number
of even or odd number of segments in a given decade and n
the number of segments with s, t, or both (Figure 1). 95%
confidence intervals (Cls) for the ORs are given by a well-known
formula.”? As p values and CIs were calculated with different
distributions, ORs whose CIs include “1” can be statistically
significant.
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Table 2. Percentage of 200-token segments and articles containing population terms in 1949-58 and 2009-18

Term Decade Segments, % (n) Articles, % (n)
Ancestry 1949-58 1% (48) 10% (31)
2009-18 9% (2,585) 33% (721)
Ethnicity 1949-58 2% (56) 8% (25)
2009-18 4% (1,150) 26% (571)
Race 1949-58 5% (149) 22% (69)
2009-18 <1% (151) 4% (89)
African 1949-58 2% (74) 7% (23)
2009-18 3% (905) 13% (288)
Asian 1949-58 0% (0) 0% (0)
2009-18 3% (935) 14% (310)
Caucasian 1949-58 4% (131) 12% (38)
2009-18 <1% (25) <1% (22)
European 1949-58 2% (76) 15% (48)
2009-18 9% (2,500) 40% (881)
Hispanic 1949-58 0% (0) 0% (0)
2009-18 1% (287) 5% (112)
Latina/o/x 1949-58 0% (0) 0% (0)
2009-18 <1% (128) 2% (45)
Negro 1949-58 7% (217) 21% (65)
2009-18 <1% (2) <1% (1)
Results increased over time between “race” and “ethnicity,” from

Frequency of use

The proportion of articles containing the population terms
“ancestry,” “ethnicity,” “race,” “African,” “Asian,” “Cauca-
sian,” “European,” “Hispanic,” “Latina/o/x,” and “Negro”
were calculated for each year from 1949-2018. The percent
of articles that include “race” has declined since 1949
(Figure 2C), appearing in 22% of articles from 1949-58
and 5% in 2009-18 (Table 2). Conversely, the percent us-
ing “ancestry” and “ethnicity” have increased (Figures 2A
and 2B). “Ancestry” increased in use from 10% of articles
in 1949-58 to 33% in 2009-18. “Ethnicity” appeared in
8% of articles in 1949-58 and 26% in 2009-18 (Table 2).
The continental terms “African,” “Asian,” and “European”
have also increased in use, while the terms “Caucasian”
and “Negro” have declined (Figures 2D-2]J, Table 2). The
proportion of articles containing the remaining 15 topical
terms are shown in Figure S2. Yearly frequencies from
1949-2018, for both even and odd segments, are reported
in Table S1.

Co-occurrence patterns

Odds ratios (ORs) and 95% confidence intervals (CIs) were
calculated for pairs of “ancestry,” “ethnicity,” and “race”
for overlapping decades from 1949-2018. ORs have

4.7 (CI 2.3, 9.5) in 1949-58 to 23.9 (CI 17.2, 33.1) in
2009-18. Ratios between “ancestry” and “race” and be-
tween “ancestry” and “ethnicity” have remained compara-
tively constant (Figure 3, Table 3). ORs were also generated
between 15 topical terms and each of “ancestry,”
“ethnicity,” and “race” (Figure 4, Figure S3) and between
the seven population descriptors and each of “ancestry,”
“ethnicity,” and “race” (Figure 5). All ORs, their 95% Cls,
and p values for the observed co-occurrences between pairs
of terms are given in Table S2 for even segments and Table
S3 for odd segments.

Discussion

We have described the evolving usage of population terms
in the 70-year publication history of The American Journal
of Human Genetics. We find that from 1949-2018, the
term “race” has declined in use, while increasing in co-
occurrence with “ethnicity.” At the same time, the use of
“ancestry” and “ethnicity” has increased. We also describe
changes in the use of specific population descriptors that
may align with societal trends in their use outside of
genetics.

The use of the term “race” in The Journal has consistently
declined since 1949, while that of “ancestry” and
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Figure 3. Odds ratios between “ancestry,” “ethnicity,” and
“race”

ORs between “ethnicity” and “ancestry” (pink), “race” and
“ancestry” (blue), and “race” and “ethnicity” (green) in overlap-
ping decades from 1949-2018 (e.g., 1949-59, 1950-60, 1951-61
...). Each point on the line graph represents the value of the ratio
for which the corresponding year is the midpoint (e.g., values at
1954 represent co-occurrence ratios for 1949-59). Solid line seg-
ments indicate decades where the number of co-occurrences was
significantly greater than expected by chance, with p < 0.05.
Dotted line segments indicate that the number of co-occurrences
was not significantly greater than expected by chance. Shaded re-
gions surrounding a curve and of the same color indicate 95% con-
fidence intervals. For ease of viewing, upper confidence intervals
are cut if they exceeded 40 (see Tables S2 and S3 for untruncated
values). The horizontal red dashed line marks an OR of 1.0.

“ethnicity” have increased. These findings are consistent
with those of Popejoy et al.’s survey of clinical geneticists
in which participants reported ancestry, followed by
ethnicity then race, as important to clinical variant inter-
pretation and ordering genetic tests.”> We hypothesize
that as the field grows more cognizant of historical and
ongoing debates about the use of race in genetics, ancestry
and ethnicity may increasingly be perceived as more scien-
tifically valid, historically neutral, or practically useful.
This is not without its own criticisms, as we will discuss
further below. We also found an increase in the odds ratio
between “race” and “ethnicity” throughout the history of
The Journal. This may be attributable to the increasing
use of combined phrases such as “race/ethnicity” and
“race and/or ethnicity,” which have emerged as the

Furthermore, we report temporal changes in the use of
specific population descriptors, adding support to the
long-standing wisdom that population labels are not based
on immutable biological order but shift in tandem with so-
cial context.”* Along with the finding above that the use of
“race” has declined, the labels “Caucasian”** and “Negro”
have declined in The Journal over the past several decades.
These terms, particularly in the form of “Caucasoid” and
“Negroid,” were used by 19" century race scientists and
later by 20" century geneticists to refer to pseudoscientific
biological race groups. “Hispanic” and “Latina/o/x” first
appeared in The Journal in 1980 and 1996, respectively.
Each of these changes in the use of population descriptors
took place in a broader social context. For example, the
decline of the term “Negro” can be connected not only
to the discrediting of the idea of a “Negroid race” on scien-
tific terms but also to African-descent Americans’ efforts to
reject or claim social identifiers in contexts outside of ge-
netics.”*?® Similarly, the adoption of “Hispanic” and
“Latina/o/x” in genetics did not originate from within
the field but from a convergence of commercial, activist,
and government interests in creating a panethnic, institu-
tionally recognized category from the diverse range of
Latin American nationalities in the US.*’

Some of the shifts described in this paper may signal
constructive change. For example, the term “Cauca-
sian,” which has declined in use in The Journal, has
been criticized for its historical connections to racist
taxonomies and lack of scientific justification.’’ How-
ever, areas remain for continued investigation and crit-
ical reflection. For example, although the term “race”
has declined, commentary in this area has pushed not
necessarily for the complete removal of race from ge-
netic and biomedical research but for a refocusing on
racism and race as a social category with biological con-
sequences.”'""'* Moreover, as numerous scholars have
discussed, practices that racialize populations can
persist in the sciences without explicit use of the
term “race.”’'™* The continental population terms
“African,” “Asian,” and “European,” which we have
shown are increasing in use in The Journal, have been
critiqued for their resemblance to historical racial tax-

distinction between the two concepts has become more onomies and their inability to capture immense

ambiguous. within-group heterogeneity.®*°

Table 3. Odds ratios between “ancestry,” “ethnicity,” and “race”

Term 1 Term 2 Decade Odds ratio (95% CI) p value

Ancestry ethnicity 1949-58 8.2 (3.4, 20.1) 22 x107*
2009-18 3.9 (3.3, 4.4) 1.4 x 107%°

Ancestry race 1949-58 4.2 (2.0,9.2) 1.5 x 1073
2009-18 6.6 (4.8,9.2) 1.3 x 1072

Ethnicity race 1949-58 4.7 (2.3,9.5) 2.0x107*
2009-18 23.9 (17.2, 33.1) 1.3 x 10°%°
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(A-I) ORs between “ancestry” (pink), “ethnicity” (green), and “race” (blue) and “admixture” (A), “diversity” (B), “geography” (C), “haplo-
type” (D), “language” (E), “population” (F), “religion” (G), “social” (H), and “socioeconomic” (I) in overlapping decades from 1949-2018
(e.g., 1949-59, 1950-60, 1951-61 ...). Each point on the line graph represents the value of the ratio for which the corresponding year is
the midpoint (e.g., values at 1954 represent co-occurrence ratios for 1949-59). Solid line segments indicate decades where the number of
co-occurrences was significantly greater than expected by chance, with p < 0.05. Dotted line segments indicate that the number of co-
occurrences was not significantly greater than expected by chance. Shaded regions surrounding a curve and of the same color indicate
95% confidence intervals. For ease of viewing, upper confidence intervals are cut if they exceeded 40 (see Tables S2 and S3 for untrun-

cated values). The horizontal red dashed line marks an OR of 1.0.

This study has several limitations. First, we examined a
single journal, and the trends we describe may not gener-
alize to other contexts in the field. However, our analysis
of the entire corpus of a single journal may be a strength
relative to other studies of biomedical corpora, which
tend to be limited to abstracts because of data availability.
Second, we pre-selected a set of terms that we chose not to
alter throughout the course of our analyses. As a result, we
were limited in our ability to explore or discover new as-
pects of ancestry, ethnicity, and race that may deviate
from our current biases about the concepts. We also could
not examine many relevant descriptors such as “Black,”
“White,” and “Native American,” as these terms were
either confounded by other meanings in the text or did
not have high enough frequency in the dataset to conduct
statistical analyses. Third, odds ratios were sensitive to the
amount of data available, meaning that time periods with

limited amounts of text or term uses were prone to large,
not necessarily meaningful, fluctuations. Finally, although
quantitative analyses of text are unique in their ability to
detect patterns that are difficult through manual review,
we recognize these methods’ limited ability to provide
insight into how our terms and concepts of interest were
used qualitatively.

Nonetheless, our research has documented and quanti-
tated historical changes in the use of population con-
cepts in the entirety of The Journal’s text corpus. Our re-
sults can serve to motivate ongoing reflection as the
concepts and population group labels used to study
global genetic variation continues to evolve. Such reflec-
tion is critical to the field’s ability to accurately describe
human genetic variation and adopt new genomic
methods in a way that is attentive to its troubled history
with race.
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Figure 5. Odds ratios between “ancestry,” “ethnicity,” “race,” and population descriptors

(A-G) ORs between “ancestry” (pink), “ethnicity” (green), and “race” (blue) and “African” (A), “Asian” (B), “Caucasian” (C), “European”
(D), “Hispanic” (E), “Latina/o/x” (F), and “Negro” (G) in overlapping decades from 1949-2018 (e.g., 1949-59, 1950-60, 1951-61 ...).
Each point on the line graph represents the value of the ratio for which the corresponding year is the midpoint (i.e., values at 1954 repre-
sent co-occurrence ratios for 1949-59). Solid line segments indicate decades where the number of co-occurrences was significantly
greater than expected by chance, with p < 0.05. Dotted line segments indicate that the number of co-occurrences was not significantly
greater than expected by chance. Shaded regions surrounding a curve and of the same color indicate 95% confidence intervals. For ease
of viewing, ORs and upper confidence intervals are cut if they exceeded 40 (see Tables S2 and S3 for untruncated values). The horizontal

red dashed line marks an OR of 1.0.
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Abstract

The varying frequencies of pharmacogenetic alleles between populations have important
implications for the impact of these alleles in different populations. Current population grouping
methods to communicate these patterns are insufficient as they are inconsistent and fail to reflect
the global distribution of genetic variability. To facilitate and standardize the reporting of
variability in pharmacogenetic allele frequencies, we present seven geographically-defined groups:
American, Central/South Asian, East Asian, European, Near Eastern, Oceanian, and Sub-Saharan
African, and two admixed groups: African American/Afro-Caribbean and Latino. These nine
groups are defined by global autosomal genetic structure and based on data from large-scale
sequencing initiatives. We recognize that broadly grouping global populations is an
oversimplification of human diversity and does not capture complex social and cultural identity.
However, these groups meet a key need in pharmacogenetics research by enabling consistent
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communication of the scale of variability in global allele frequencies and are now used by
PharmGKB.

Keywords

Pharmacogenetics; pharmacogenomics; PharmGKB; population groups

Introduction

Interindividual variability in pharmacogenes has important consequences for drug efficacy
and toxicity.(1, 2) Unlike the low frequencies of alleles that are considered actionable with
respect to disease risk, pharmacogenetic variants with clinical relevance are common and, in
fact, both presence and absence of variants provide valuable dosing information.(3, 4) The
frequencies of many pharmacogenetic alleles vary greatly by global population, meaning
that people with different ancestries can have considerably different likelihoods of carrying
an allele that is associated with a particular drug response. For example, the CYP3A5*3
allele has been found at a frequency of 98% in an Iranian population but at 11% in a Ngoni
population from Malawi. (5, 6) A single value for global allele frequency would fail to
reflect this pattern. Presenting the differences in frequencies of pharmacogenetic alleles is
important for communicating the scale of their expected impact on drug response and the
degree of variation between populations. This information is invaluable for furthering
pharmacogenetic research and implementation.

Many pharmacogenetic studies present allelic data for very specific populations, such as
from a single country or ethnic group, which are difficult to incorporate into broader
research or implementation. Literature curation and gene summaries, such as those from the
Pharmacogenomics Knowledgebase (PharmGKB: www.pharmgkb.org), must group these
specific populations when annotating pharmacogenetic studies to allow users to easily
compare information from multiple studies. As such, tagging studies with population group
identifiers is an important component of knowledge extraction from curated literature. These
population group labels then are used in aggregating and evaluating overall evidence for
gene-drug associations, which eventually inform clinical implementation guidelines, such as
those of the Clinical Pharmacogenetics Implementation Consortium (CPIC:
WWW.CPiCpgXx.org).

Similar to other areas of biomedical research, (7) current methods for grouping global
populations in pharmacogenetics are based on subjective, vague, and inconsistent
geographical boundaries, or on populations that are geographically straightforward to cluster
and reflect little admixture.(8-12) As an example of the issues with current grouping
methods, some studies cluster participants of Egyptian descent with African populations,
while others cluster them with Middle Eastern populations.(13, 14) While this discrepancy
illustrates inconsistencies of geographic borders, the clustering of African-descent
populations of the Americas with populations from Africa, as seen in the 1000 Genomes
African (AFR) superpopulation, provides another example of challenges posed by
employing a small number of categories to describe a broad spectrum of genomically diverse
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groups. The genetic patterns seen in American populations with African ancestry differs
dramatically from populations in Africa due to admixture primarily with European and
American Indian populations. (15-17) While sharing common ancestry, the recent
admixture typically observed in the Americas can complicate average allele frequency
estimation or, at a minimum, make these combined groupings less homogeneous.(16) These
insufficient grouping systems, often ad-hoc and not fully representative evidence from
population genomic studies, create a barrier to understanding and interpreting
pharmacogenetic allele frequencies in a globally representative fashion.

Until July 2018, PharmGKB annotated studies using the five race categories defined by the
US Office of Management and Budget (OMB): White, Black or African American,
American Indian or Alaska Native, Asian, and Native Hawaiian or Pacific Islander, with an
additional ethnicity OMB category of Hispanic/Latino. While PharmGKB serves as a global
resource, these OMB groups are US-centric and, as socio-cultural measures of identity, lack
the capacity to capture the scale of global human diversity. We also investigated the utility of
the biogeographic categories employed by the Human Genome Diversity Panel - Centre
d’Etude du Polymophisme Humain (HGDP - CEPH), which groups its 52 populations into
Africa, Europe, Middle East, South and Central Asia, East Asia, Oceania and the Americas.
(8, 18, 19) These population labels work well for the populations included in the HGDP data
set, which are not located in ambiguous. However, papers curated at PharmGKB can include
populations located all over the world, including in the transitional zones between HGDP
geographical regions and admixed populations. This leads to ambiguity in how such
populations would be grouped using HGDP categories. In conclusion, existing systems are
insufficient for capturing the diversity of study populations in a replicable manner that is
consistent with patterns of human genetic variation.

Therefore, we sought to define a grouping system of global populations that could be used
consistently to annotate pharmacogenetic studies and relevant alleles, and could capture
global human population genetic patterns. Using population genetics data sources, including
the 1000 Genomes Phase 3 data release and the HGDP, we propose a simple and robust
grouping pattern based on nine broad biogeographic regions that represent major geographic
regions of the world (Figure 1). It is important to note that classifying individuals and
communities into a few distinct groups with defined boundaries conflicts with our
understanding of human variation, history, and social/cultural identities. As a result, we
respectfully present these groups as a tool to represent broad differences in frequencies of
pharmacogenetic variation rather than as a classification of human diversity.

We chose this geographic clustering pattern because geography has historically been the
greatest predictor of genetic variation between human populations, with genetic distance
increasing as geographic distance increases.(20) This geographic pattern aids consistency in
population groupings by setting boundaries along national borders. To simplify utility,
geographic boundaries between groupings are drawn predominantly along country borders,
with only Russia divided into east and west along the Ural Mountains boundary due to the
large size and genetic heterogeneity of the country. We intend these groups to represent
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peoples with a predominance of ancestors who were in the region pre-Diaspora and pre-
colonization.

We have also included two admixed groups representing populations with recent gene flow
between geographically-based populations and therefore, have distinct genetic patterns
which are not adequately reflected by any single geographically-based group. (7) While
many populations reflect a degree of admixture, we selected these two populations because
they are frequently reported in pharmacogenetic studies.

We consider these nine groups sufficient to better illustrate the broad diversity in global
allele frequencies, yet small enough to apply easily and to be tractable in grouping specific
populations.(21-24) The groups are given below with their abbreviations.

Geographical populations

American (AME): The American genetic ancestry group includes populations from both
North and South America with ancestors predating European colonization, including
American Indian, Alaska Native, First Nations, Inuit, and Métis in Canada, and Indigenous
peoples of Central and South America.

Central/South Asian (SAS): The Central and South Asian genetic ancestry group
includes populations from Pakistan, Sri Lanka, Bangladesh, India, and ranges from
Afghanistan to the western border of China.

East Asian (EAS): The East Asian genetic ancestry group includes populations from
Japan, Korea, and China, and stretches from mainland Southeast Asia through the islands of
Southeast Asia. In addition, it includes portions of central Asia and Russia east of the Ural
Mountains.

European (EUR): The European genetic ancestry group includes populations of primarily
European descent, including European Americans. We define the European region as
extending west from the Ural Mountains and south to the Turkish and Bulgarian border.

Near Eastern (NEA): The Near Eastern genetic ancestry group encompasses populations
from northern Africa, the Middle East, and the Caucasus. It includes Turkey and African
nations north of the Saharan Desert.

Oceanian (OCE): The Oceanian genetic ancestry group includes pre-colonial populations
of the Pacific Islands, including Hawaii, Australia, and Papua New Guinea.

Sub-Saharan African (SSA): The Sub-Saharan African genetic ancestry group includes
individuals from all regions in Sub-Saharan Africa, including Madagascar.(25)

Admixed populations

African American/Afro-Caribbean (AAC): Individuals in the African American/Afro-
Caribbean genetic ancestry group reflect the extensive admixture between African,
European, and Indigenous ancestries(26) and, as such, display a unique genetic profile
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compared to individuals from each of those lineages alone. Examples within this cluster
include the Coriell Institute’s African Caribbean in Barbados (ACB) population and the
African Americans from the Southwest US (ASW) population, (27) and individuals from
Jamaica and the US Virgin Islands.

Latino (LAT): The Latino genetic ancestry group is not defined by an exclusive geographic
region, but includes individuals of Mestizo descent, individuals from Latin America, and
self-identified Latino individuals in the United States. Like the African American/Afro-
Caribbean group, the admixture in this population creates a unique genetic pattern compared
to any of the discrete geographic regions, with individuals reflecting mixed Native and
Indigenous American, European, and African ancestry.

The Central/South Asian, East Asian and European groups presented here are equivalent to
the 1000 Genomes South Asian (SAS), East Asian (EAS) and European (EUR) super
populations, respectively. As such, we have adopted the relevant 1000 Genomes super
population codes as abbreviations for each of these groups to maintain consistency. While
the 1000 Genomes Ad Mixed American (AMR) super population shows complete overlap
with the Latino group, we have opted to use the abbreviation LAT for this group. This
removes the potential for confusion between the Latino group and the other admixed group
of African American/Afro-Caribbean.

Figure 1 illustrates the countries included in each of the seven geographical groups and
removes any ambiguity of the group boundaries. As this map shows the boundaries of each
group pre-colonization and pre-Diaspora, the two admixed groups, African American/Afro-
Caribbean and Latino are not shown. We intend this map to be used as a guide for grouping
genetic ancestral populations. Study subjects of an ancestry that is not within the geographic
cluster in which they currently live will be included in the geographic cluster reflecting their
ancestry. For example, South Africans of Dutch descent would be included in the European
cluster rather than the Sub-Saharan African cluster. However, when lacking a clear
description otherwise, the population will be included in the group that includes its home
country.

This approach highlights the importance of understanding and recording detailed self-
identified and self-reported race and ethnicity in the context of genetic studies. While self-
reported race and ethnicity can be influenced by an individual’s social and cultural
background and thus may not perfectly correlate with genetic ancestry (28), it is more
reliable than assignment of race or ethnicity by another person (e.g. a healthcare
professional) (29). However, it should be noted that self-reported measures can be
complicated by collection processes, (30) including an incomplete selection of possible
identity categories, or allowing only one selection and thus failing to capture whether an
individual may identify with multiple categories or none at all (29). These classification
limitations can be particularly prevalent among populations with a high degree of admixture.

To validate the genetic variability distinguished by these population groups, we conducted
Principal Components Analysis (PCA) using autosomal genotype data of unrelated
individuals from 1000 Genomes and HGDP. As seen in Figure 2A, the first two principal
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components (PCs) separate populations by geographic region, especially along continental
boundaries, and illustrate the increasing genetic distance between populations of increasing
geographic distance. As can be seen in the overlapping PC distribution of individuals of
different population groups, human genetic diversity is a spectrum,(19) and therefore the
geographic boundaries of these groups should be understood as an obligatory divide to
create relevant groupings, with the acknowledgement that these borders are constrained by
modern country borders and therefore are inherently arbitrary in geographic space.(19)
However, as shown in Figure 2B, only a few PCs are needed to accurately predict these
population clusters. Even with only 4 PCs, the minimum area under the curve (AUC) for
correct cluster prediction is 97.9% for most populations using multiple logistic regression.
The only outlier is the African American/Afro-Caribbean cluster, consistent with ancestral
similarity to the African cluster.(15, 31) Here still, with a larger number of PCs, the AUC is
above 93%, even with the observed ancestry outliers present in the 1000 Genomes African
Americans in the Southwest US (ASW) population.(32) While no categorization will result
in perfect prediction, given the spectrum of human diversity, the statistical validation of this
clustering from broad autosomal data makes these clusters both relevant and useful for
PharmGKB.

In Figure 3, we demonstrate that the groups we have selected are effective for representing
the diversity of global allele frequencies in pharmacogenes. We present here the frequency
of four single nucleotide polymorphisms (SNPs) with important pharmacogenetic
implications. The ‘A’ allele of rs1065852 is the defining SNP of the cytochrome P450 2D6
(CYPZ2D6) *10haplotype and is also found in combination with other variants in multiple
CYP2D6 haplotypes. Haplotypes containing this SNP are associated with decreased
CYP2D6 activity, which has important implications for drugs that are CYP2D6 substrates,
including codeine, selective serotonin reuptake inhibitors, ondansetron, and tricyclic
antidepressants.(33-36) The CYP2C9alleles *2 (defined by rs1799853), *3 (defined by
rs1057910), and *8 (defined by rs7900194) are associated with reduced enzyme function
and therefore are associated with recommended changes to the dosing of warfarin and
phenytoin, which are substrates of CYP2C9.(37, 38) Using data from the 1000 Genomes, we
show the frequency of the four SNPs in these biogeographic groups. The range of
frequencies between populations illustrates the importance of showing allele frequency by
group in order to convey its impact on drug response globally.

The SNP rs1065852 shows stark continental patterns (Figure 3A). The ‘A’ allele is found at
high frequencies within East Asian populations, ranging from 66.2% in Vietnam (KHV) to
36.1% in Japan (JPT). This allele is less frequent in other continental populations, such as
Sub-Saharan African (3.5-16.5%), European (14.6-24.7%), and Central/South Asian (10.4—
25.6%). As can be seen from the range of frequencies of the three CYP2C9alleles, the most
common reduced function allele varies globally, with the *8allele much more common in
Sub-Saharan African populations (1.8-7.6%) than the *2(<1%) or *3(monomorphic in
Africa) (Figure 3B-D). Conversely, the *Sallele is rare in European populations (<1%),
while *2(8.1-15.2%) and *3(5.6-8.4%) are more common. Patterns such as this one can
result in bias in the utility of dosing algorithms, such as the International Warfarin
Pharmacogenetics Consortium (IWPC) dosing algorithm for warfarin, which adjusts dose
based on the presence of the *2and *3alleles but does not include the *Sallele.(39)
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Discussion

While individual pharmacogenetic testing (either pre-emptive or at point-of-care) remains
the most effective and appropriate way to implement pharmacogenetic knowledge for the
care of an individual,(40, 41) we recognize the need in clinical and genetic research for a
standardized method to broadly group populations based on biogeographic region. For
example, identifying populations with high frequencies of certain pharmacogenetic alleles
can help to direct targeted screening when resources are constrained and inform priorities for
future pharmacogenetic research.(20) However, the groups we present are large and the
summary information presented should be understood as an approximation dependent on
existing studies in that region, which may be limited to a few locations. As such, these
groups are not suitable for use in guiding specific implementation programs; rather, they
should be seen as a tool for research purposes.

It should be noted that this grouping system does have limitations. Classifying individuals
into these population groups can be complicated by social and cultural identities(8, 10, 42—
44) and membership of an individual within one of these population groups is inherently an
imperfect surrogate for predicting the likelihood that the individual carries a particular
genetic variant.(41, 45) As can be seen in the analysis of rs1065852 above, the frequency of
the *A” allele can vary by up to 30% between populations which are all included in the East
Asian group. Furthermore, while the grouping system is based on overall genome-wide
average patterns, which typically follow a clinal variation pattern correlated with geographic
proximity,(8, 23, 24, 46, 47) variation in individual genes or individual populations do not
always follow these gradual patterns.(9-12, 41) In an attempt to mitigate some of these
limitations, we encourage researchers using this grouping system to also provide specific
details regarding the geographical and racial or ethnic origins of their subjects.

Because aggregate annotations of pharmacogenetic research and summary allele frequencies
are based only on available studies, additional studies are needed that include a greater
diversity of populations to make pharmacogenetic research and allele frequency summaries
more representative.(48) For example, the Sub-Saharan African (SSA) grouping represents a
large swath of human genomic diversity, which is not adequately represented in the available
data from HGDP and 1000 Genomes. Increased representation of these populations in
pharmacogenetics studies may lead to the discovery of clinical differences within the larger
grouping. Furthermore, large, reference genetic studies with targeted allele information, like
that emerging from the Population Architecture using Genomics and Epidemiology (PAGE)
study (www.pagestudy.org), may provide compelling evidence to adjust these group
boundaries based on frequency patterns specific to pharmacogenetic alleles. Continued
evolution of this grouping system will be key to ensuring that misclassification of
individuals is kept to a minimum. However, it should be understood that some
misclassification is inevitable and will only be truly avoided when every patient can access
comprehensive pharmacogenetic testing.

Despite these limitations, broad population groups are needed for illustrating global diversity
with respect to pharmacogenetic variation and the average predicted phenotypes in
populations. These nine proposed biogeographic groups provide a consistent way to present
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these data based on a system that is grounded in robust data on population genetic patterns,
and their introduction is particularly timely given the recent commentaries by Bonham et al/.
and Cooper et al. (7, 49) PharmGKB is now using these population groups in curation
activities, and we recommend that these groups and accompanying map be considered the
standard grouping mechanism for population pharmacogenetics. Ultimately, individual
pharmacogenetic testing of all patients, regardless of ancestry, is needed to deliver truly
personalized medicine. However, the population groups we present are useful for the
standardized presentation of pharmacogenetic studies, global allele frequency summaries in
pharmacogenetic research and broad clinical screening.

Methods

The MVN joint callset for 1000 Genomes data Phase 3 (21) was downloaded directly form
the website for downstream interpretation. For principal component analysis (PCA), we
filtered sites with a MAF < 0.5% and thinned sites given windows of 100 kilobases or 10
variants and r2>0.2, resulting in 156,211 sites. PCA was performed in PLINK 1.9 (50).
Forward stepwise logistic regression was subsequently performed, adding 1 PC at a time, to
predict population labels in a bivariate fashion. Prediction accuracy was assessed using the
AUC-ROC estimator, as included in the R package “‘epicalc.” To make assessments
transparent, we included all individuals with specific population labels, although it has been
demonstrated in multiple venues that there are several known ancestry outliers within 1000
Genomes populations of the Americas (17, 32). Plots were performed in R and ggplot2.
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Study Highlights
What is the current knowledge on the topic?

The frequency of pharmacogenetic alleles can very significantly between different
populations around the world. Grouping populations can simplify reporting of
pharmacogenetic alleles but current methods used to group populations are inadequate
and are applied inconsistently.

What question did this study address?

Can we improve how populations are grouped for the reporting of pharmacogenetic
alleles?

What does this study add to our knowledge?

We present nine new biogeographical groups based on geographical location or recent
genetic admixture for use in pharmacogenetic research. These groups have been validated
using autosomal genetic data from large-scale sequencing initiatives.

How might this change clinical pharmacology or translational science?

These groups have already been adopted for use in curation activities at PharmGKB. It is
hoped that use of these groups will become standard in pharmacogenetics research.

Clin Pharmacol Ther. Author manuscript; available in PMC 2020 May 01.
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[] American (AME)

| [ East Asian (EAS)
European (EUR)

[l Central/South Asian (SAS)
[[] Near Eastern (NEA)

[ Oceanian (OCE)

% 4 [ Sub-Saharan African (SSA)

Figure 1: Map of geographical boundariesincluded in each geographical population group.
Group boundaries for the seven geographical groups fall predominantly along national
boundaries to aid the assignment of group membership. The two admixed groups of African
American/Afro-Caribbean and Latino are not shown on this figure as the map indicates the
borders of each geographical group based on the location of genetic ancestors pre-Diaspora
and pre-colonization, which cannot be applied to the two admixed groups. It should also be
recognized that, due to the large geographical areas covered by each group, a single group
does not accurately represent the large amount of genetic diversity found in that one region.
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Figure 2: Principal component analysis comparing genetic distances of populationswith close
geogr aphic proximity using 1000 Genomes and HGDP participants.

(A) The genetic gradient between populations is illustrated along PCs 1 vs 2 and PCs 3 vs 4,
showing that, while completely discrete population boundaries are challenging, the
groupings proposed here provide a statistically robust grouping. (B) AUCs of logistic
regression to predict cluster membership, showing high degree of population structure. Note
that, because none of the 1000 Genomes populations fall into the American (AME) group,
no reference data were available to include this group in the analysis.
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Figure 3: Mapsillustrating how the proposed biogeographical grouping system can be used to
illustrate the variability in global frequencies of key pharmacogenetic alleles.

Allele frequencies from 1000 Genomes are shown across global populations for (A)
CYP2D6*10, (B) CYP2C9*2, (C) CYP2C9*3 and (D) CYP2C9*8.
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Abstract

The accurate description of ancestry is essential to interpret, access, and integrate human genomics data, and to
ensure that these benefit individuals from all ancestral backgrounds. However, there are no established guidelines
for the representation of ancestry information. Here we describe a framework for the accurate and standardized
description of sample ancestry, and validate it by application to the NHGRI-EBI GWAS Catalog. We confirm known
biases and gaps in diversity, and find that African and Hispanic or Latin American ancestry populations contribute a
disproportionately high number of associations. It is our hope that widespread adoption of this framework will lead
to improved analysis, interpretation, and integration of human genomics data.
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Background

The past 15 years have seen a dramatic growth in the
field of genomics, with numerous efforts focused on un-
derstanding the etiology of common human disease and
translating this to advances in the clinic. Essential to the
interpretation of this vast amount of data is the accurate
and unambiguous description of the ancestry of samples.
Degrees of genetic diversity and patterns of linkage dis-
equilibrium (LD) vary by ancestry, with implications for
the generalizability of results and the identification of
disease-causing variants. The standardized representa-
tion of ancestry data is also indispensable to facilitate
data access in bioinformatics resources and to support
the integration of information from different sources,
ultimately enabling more robust analyses of “big data”
sets. The need for genetic studies in more ancestrally
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diverse populations has been repeatedly articulated [1],
most recently by Popejoy and Fullerton [2]. Although in-
clusion efforts are improving over time, it is challenging
to assess the status of such efforts without a standard-
ized way of representing ancestry data.

There are currently no established guidelines for the
description of ancestral information. We here provide a
framework to represent, in an accurate and standardized
manner, the ancestry of samples included in human gen-
omics studies. We utilize our method to describe sam-
ples analyzed in over 3200 publications included in the
NHGRI-EBI GWAS Catalog [3-5], validating its applic-
ability to large and complex data sets. We also present a
new and expanded analysis of Catalog ancestry content
using, for the first time, our standardized framework.
We thus demonstrate the efficacy of categories to facili-
tate data analysis, including tracking trends in the area
of diversity. Finally, to ensure broader applicability be-
yond the Catalog to other studies or resources involving
human subjects, we offer recommendations to authors
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and provide an ancestry-specific ontology for application
to bioinformatics resources. We also apply our method
to the 1000 Genomes [6] and HapMap [7] project popu-
lations to enable integration with any samples described
utilizing these well-established reference populations
and of any variation data generated from these projects.

Results

Ancestry framework

Our framework involves representing the ancestry of
samples in two forms: (1) a detailed description and (2)
an ancestry category from a controlled list (Table 1). De-
tailed descriptions aim to capture accurate, informative,
and comprehensive information regarding the ancestry
or genealogy of each distinct sample. Category assign-
ment reduces complexity within data sets and enables
the establishment of hierarchical relationships, placing
samples in context with other samples, groups, and pop-
ulations. This is extremely useful, empowering more
precise search functionalities and improved access to
data in bioinformatics resources. This process also
facilitates integration of results from multiple sources,
ultimately enabling the community to better interpret
findings and perform further analyses.

Validation in the NHGRI-EBI GWAS Catalog

To validate the framework, we applied our method to all
publications included in the GWAS Catalog—3200 pub-
lications, representing 4600 separate GWA studies,
60000 associations, and 110 million individuals, as of
November 2017. The Catalog is widely used, and invalu-
able for researching existing findings on common dis-
eases and supporting investigations to identify causal
variants, understand disease mechanisms, and establish
targets for treatment [8-11]. As one of the largest
repositories and visual summaries of genomic associ-
ation data, the Catalog provided an ideal substrate on
which to test our method and its applicability to large
and complex data sets.

Each Catalog study entry comprises one or more sam-
ples, designated as “Initial” or “Replication” samples, de-
pending on the stage of the GWA study in which they
were analyzed (Fig. 1; Additional file 1: Figure S1 and
Additional file 1: Figure S2a). For each sample, we cre-
ated the detailed description by extracting the ancestry
descriptor utilized by the author in the relevant publica-
tion. To generate the controlled description, we selected,
from a limited list of terms (Table 1), the category noted
by the author or, if not stated, the category that best
correlates with the detailed description for the same
sample. For example, we selected the category “East
Asian” for detailed descriptions containing the descrip-
tor “Han Chinese”.
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We relied heavily on data stated by authors in the
GWAS publication, giving precedence to information
inferred using genomic methods, such as principal com-
ponent analysis (PCA; see Additional file 1: Box S1 for a
list of methods commonly used to ascertain ancestry). In
some cases, we considered other sources, but only when
the information provided by authors was limited or am-
biguous. We consulted peer-reviewed population genet-
ics publications to obtain additional information on
lesser-known groups that were not adequately character-
ized by authors or when samples were described using
ethno-cultural terms (for example, “Punjabi Sikh”).
When the only information provided in the publication
was the location of recruitment, we consulted The
United Nations M49 Standard of Geographic Regions
[12] and The World Factbook [13]. The latter is a
regularly updated compendium of worldwide demo-
graphic data, covering all countries and territories
of the world. Additional file 2: Table S1 provides a
list of countries of recruitment in the Catalog, to-
gether with the sources that were consulted and the
inferred categories.

In rare instances, the ancestry information provided by
authors was not detailed enough to allow the resolution
of samples into ancestrally distinct sets. For these
samples, we created complex, multi-ancestry detailed de-
scriptions and selected multiple categories (for example,
Catalog entry for Jiang R et al. [14, 15]). For admixed
samples, we selected either one of the categories that in-
cludes individuals with well-defined admixture (“African
American or Afro-Caribbean” and “Hispanic or Latin
American”) or the category “other admixed ancestry”.
We also captured additional information to describe the
ancestral backgrounds that contribute to the admixture.
No ancestry-informative detailed descriptions were
generated in the absence of ancestry or recruitment data;
for those samples, the category “Not Reported” was
selected.

Where possible we also curated country of recruitment
(Fig. 1; Additional file 1: Figure S2b) and country of
origin as this provides additional and complementary
demographic information. Country of origin was ex-
tracted when the country of origin of the study par-
ticipant’s grandparents was stated or when the
genealogy of the sample could be traced to a particu-
lar country.

The detailed extraction guidelines utilized by Catalog
curators are included in Additional file 1: Supplementary
Methods. A full list of Catalog detailed descriptions and
categories is provided in Additional file 3: Table S2.
Examples that illustrate application to specific samples
can be found in Additional file 4: Table S3. All curated
ancestry data are available from the GWAS Catalog web-
site [4] (Fig. 1) and via download [16].
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Table 1 Ancestry categories: distinct regional population groupings used in this framework
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Ancestry category

Definition

Examples of detailed descriptions
for samples included in the category

Aboriginal Australian

African American or Afro-Caribbean

African unspecified

Asian unspecified

Central Asian

East Asian

European

Greater Middle Eastern (Middle
Eastern, North African, or Persian)

Hispanic or Latin American

Native American

Not reported

Oceanian

Includes individuals who either self-report or have been
described by authors as Australian Aboriginal. These
are expected to be descendants of early human
migration into Australia from Eastern Asia and can

be distinguished from other Asian populations by
mtDNA and Y chromosome variation [29, 30]

Includes individuals who either self-report or have been
described by authors as African American or Afro-
Caribbean. This category also includes individuals who
genetically cluster with reference populations from

this region, for example, 1000 Genomes and/or HapMap
ACB or ASW populations. We note that there is likely to
be significant admixture with European ancestry
populations

Includes individuals that either self-report or have been
described as African, but there was not sufficient
information to allow classification as African American,
Afro-Caribbean or Sub-Saharan African

Includes individuals that either self-report or have been
described as Asian but there was not sufficient information
to allow classification as East Asian, Central Asian, South
Asian, or South-East Asian

Includes individuals who either self-report or have been
described by authors as Central Asian [31]. We note that
there does not appear to be a suitable reference
population for this population and efforts are required
to fill this gap

Includes individuals who either self-report or have been
described by authors as East Asian or one of the sub-
populations from this region (e.g., Chinese). This category
also includes individuals who genetically cluster with
reference populations from this region, for example,
1000 Genomes and/or HapMap CDX, CHB, CHS, and JPT
populations

Includes individuals who either self-report or have been
described by authors as European, Caucasian, white, or
one of the sub-populations from this region (e.g., Dutch).
This category also includes individuals who genetically
cluster with reference populations from this region, for
example, 1000 Genomes and/or HapMap CEU, FIN, GBR,
IBS, and TSI populations

Includes individuals who self-report or were described by
authors as Middle Eastern, North African, Persian, or one

of the sub-populations from this region (e.g., Saudi Arabian)
[32]. We note there is heterogeneity in this category with
different degrees of admixture as well as levels of genetic
isolation. We note that there does not appear to be a
suitable reference population for this category and

efforts are required to fill this gap

Includes individuals who either self-report or are described
by authors as Hispanic, Latino, Latin American, or one of
the sub-populations from this region. This category includes
individuals with known admixture of primarily European,
African, and Native American ancestries, though some may
have also a degree of Asian (e.g. Peru). We also note that
the levels of admixture vary depending on the country, with
Caribbean countries carrying higher levels of African admixture
when compared to South American countries, for example.
This category also includes individuals who genetically
cluster with reference populations from this region, for
example, 1000 Genomes and/or HapMap CLM, MXL, PEL,
and PUR populations [17, 33]

Includes indigenous individuals of North, Central, and
South America, descended from the original human
migration into the Americas from Siberia [34]. We note
that there does not appear to be a suitable reference
population for this category and efforts are required to
fill this gap

Includes individuals for which no ancestry or country of
recruitment information is available

Includes individuals that either self-report or have been
described by authors as Oceanian or one of the sub-
populations from this region (e.g., Native Hawaiian) [35].
We note that there does not appear to be a suitable

Martu Australian Aboriginal

African American, African Caribbean

African, non-Hispanic black

Asian, Asian American

Silk Road (founder/genetic isolate)

Chinese, Japanese, Korean

Spanish, Swedish

Tunisian, Arab, Iranian

Brazilian, Mexican

Pima Indian, Plains American Indian

Solomon Islander, Micronesian
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Table 1 Ancestry categories: distinct regional population groupings used in this framework (Continued)

Ancestry category Definition

Examples of detailed descriptions
for samples included in the category

reference population for this category and efforts are

required to fill this gap
Other

Includes individuals where an ancestry descriptor is

Surinamese, Russian

known but insufficient information is available to allow
assignment to one of the other categories

Other admixed ancestry

Includes individuals who either self-report or have been

described by authors as admixed and do not fit the
definition of the other admixed categories already defined
(“African American or Afro-Caribbean” or “Hispanic or

Latin American”)

South Asian

Includes individuals who either self-report or have been

Bangladeshi, Sri Lankan Sinhalese

described by authors as South Asian or one of the sub-
populations from this region (e.g., Asian Indian). This
category also includes individuals who genetically cluster
with reference populations from this region, for example,
1000 Genomes and/or HapMap BEB, GIH, ITU, PJL, and

STU populations

South East Asian

Includes individuals who either self-report or have been

Thai, Malay

described by authors as South East Asian or one of the
sub-populations from this region (e.g., Vietnamese). This
category also includes individuals who genetically cluster
with reference populations from this region, for example,
1000 Genomes KHV population. We note that East Asian
and South East Asian populations are often conflated.
However, recent studies indicate a unique genetic
background for South East Asian populations

Sub-Saharan African

Includes individuals who either self-report or have been

Yoruban, Gambian

described by authors as Sub-Saharan African or one of
the sub-populations from this region (e.g., Yoruban). This
category also includes individuals who genetically cluster
with reference populations from this region, for example,
1000 Genomes and/or HapMap ESN, LWK, GWD, MSL,

MKK, and YRI populations

Ancestry categories are assigned to samples with distinct and well-defined patterns of genetic variation, in addition to individuals with inferred relatedness to these samples.
A full list of GWAS Catalog sample descriptions assigned to each category can be found in Additional file 3: Table S2

Improving data analysis and assessing diversity

Taking advantage of this fully curated and well described
data set, we performed a new and enhanced survey of
the ancestral background of Catalog samples. Similar
analyses have been previously performed [1, 2]. However,
these have focused exclusively on the detailed descrip-
tions, which are more complex and heterogeneous. Our
analysis uses, for the first time, categories and goes be-
yond individuals to studies, associations, traits, and
change over time.

As previously reported [2], we found that the majority
(78 %) of individuals in the Catalog are exclusively of
European ancestry (Fig. 2a), followed by individuals of
East Asian descent (9 %). The disproportionate focus on
Europeans was more prevalent in the earlier years of the
Catalog (86 % of individuals in studies published be-
tween 2005 and 2010; 76 % between 2011 and 2016),
with a notable increase in African (0.8 to 2.8 %, 3.5-fold
increase), Hispanic or Latin American (0.1 to 1.2 %,
ninefold increase) and Middle Eastern (0.01 to 0.08 %,
sevenfold increase) samples in the last 5 years (Fig. 2b).
Despite this trend, however, these non-European, non-
Asian groups combined account for less than 4 % of the
Catalog’s individuals. We observed a similar result when
analyzing GWA studies. Almost 50 % of all studies ex-
clusively analyze European ancestry individuals, and an

additional 25 % of studies analyze multiple ancestries,
including individuals of European descent (Fig. 2c).

Interestingly, when we focused on the number of
associations contributed by each category, we noted a
disparity with respect to the distribution observed when
analyzing individuals (Fig. 2d). This was particularly
pronounced for studies including African or Hispanic or
Latin American samples, many of which are African-
admixed [17]. African ancestries comprise 2.4 % of indi-
viduals but contribute 7 % of associations. Similarly, only
1.3 % of individuals in the Catalog are Hispanic or Latin
American, yet they contribute 4.3 % of associations. The
opposite effect was seen in Europeans, with 78 % of indi-
viduals yet only 54 % of associations.

Our ability to observe this disproportionate yield of as-
sociations is directly correlated with the use of categories
in our analysis. The benefits of our framework, however,
extend beyond assessing diversity to the pursuit of scien-
tific questions. Using our categories, we were able to
identify diseases or traits that have been analyzed in a
large number of ancestral backgrounds and use this in-
formation to search for loci and variants that generalize
across ancestries as well as loci or variants that may have
ancestry-specific impact. For example, we found that
type 2 diabetes has been analyzed in multiple ancestral
backgrounds (29 distinct detailed descriptions and 12
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Initial sample description
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Fig. 1 Representation of ancestry data in the GWAS Catalog search interface (https://www.ebi.ac.uk/gwas/). Ancestry-related data are found in the
Studies and Associations tables (underlined in black) when searching the Catalog. This figure shows the results of a search for PubMed Identifier
27145994. The sample description can be found in the Studies table, either by pressing “Expand all Studies” or the “+" on the study of interest
(highlighted in red). Sample ancestry is captured in two forms: (1) detailed description (highlighted in blue); and (2) ancestry category (highlighted in
green). The latter follows the format: sample size, category, (country of recruitment). In cases where multiple ancestries are included in a study, the
ancestry associated with a particular association is found as an annotation in the p value column in the Associations table (highlighted in pink)

categories across 52 studies and 610 associations). We
then reviewed all loci associated with this disease and
found that some (for example, 10q25.2) appear to
generalize across many ancestral groups and others seem
limited to a small number (for example, 4p16.3 primarily
in Asians). The assignment of our categories to the 1000
Genomes and HapMap project populations enables a
more focused review of ancestry-specific LD and allele
frequency information for these loci, and this, in turn,
can inform study designs aimed at fine mapping and the
identification of causal variants. This process also allows
the identification of clear gaps in the data, such as

particular ancestral backgrounds that have yet to be
analyzed.

Application beyond the GWAS Catalog

To encourage widespread adoption of the framework,
we here pursue three approaches.

Recommendations for authors

Curation of GWAS publications revealed inconsistent
and ambiguous reporting of ancestry data, with a signifi-
cant percentage of studies (~4 %) not reporting any
relevant information at all. Therefore, we provide a set

of specific recommendations for authors, summarized in

(Table 2), that require minimal additional burden, and, if

implemented, will improve the quality of reporting and

have a positive impact on the interpretation of published
results, data re-use, and reproducibility.

We recommend that authors make every effort to gen-
erate a detailed description for each distinct set of indi-
viduals included in their studies. Authors should also
note a corresponding category by assessing whether the
genetic diversity of each distinct set is representative of
one of the known populations listed and defined in
Table 1. Where possible, we recommend authors assess
the ancestry using genomic methods (Additional file 1:
Box S1), as this will aid the classification process. If au-
thors have no knowledge about the ancestry of the
participants, are not able to infer it, or cannot share it
due to confidentiality concerns, we suggest noting this
explicitly in the publication.

In general, terms that pertain to an individual’s ethno-
cultural background should be avoided, unless this pro-
vides additional information regarding the genealogy of
the samples. In such cases a descriptor that accurately
reflects the underlying genetics should also be provided.
For example, when describing “Punjabi Sikh” participants,
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authors should also describe the samples as “South Asian”
or “Punjabi Sikh South Asian” rather than simply “Punjabi
Sikh” or “Sikh”.

Particular care should be taken to note if a sample de-
rives from a founder or genetically isolated population.
Given their homogeneity and reduced genetic variation,
these populations are especially well-suited for GWAS
[18] and are increasingly used as sample sources. When
describing isolates, the broader genetic background
within which the population clusters should also be indi-
cated. For example, Old Order Amish participants
should be described as “Old Order Amish population
isolate individuals of European descent”, for example.

While describing admixed populations can be challen-
ging due to varying levels of admixture, every effort

should be made to explicitly note whether the sample is
admixed and the ancestral backgrounds that contribute
to admixture. For example “Hispanics/Latinos are eth-
nically heterogeneous, with admixture of European,
West African, and Amerindian ancestral populations”, as
stated in Hodonsky et al. [19].

Ancestry-specific ontology

To facilitate application to bioinformatics resources,
we developed and released an ancestry-specific ontol-
ogy based on our curated GWAS Catalog descrip-
tions. We have defined terms, identified synonyms,
and established hierarchical relationships between all
curated terms and categories. The use of this ontol-
ogy in any search interface will enable users to
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Table 2 Recommendations for authors reporting ancestry data in publications. These recommendations were generated by expert
curators following a detailed review of the over 3200 GWAS publications included in the Catalog

1. Provide detailed information for each distinct group of samples,

a. Ancestry descriptors should be as granular as possible (e.g., Yoruban instead of Sub-Saharan African, Japanese instead of Asian).

b. Avoid using country or citizenship as a substitute for ancestry.

¢. Avoid using geographic descriptors that are part of a cohort name as a substitute for ancestry (e.g.,, TwinsUK cannot be assumed to be

European ancestry).

d. If a population self-identifies using sociocultural descriptors, clearly provide information about the underlying genetics or genealogy (e.g, Old

Order Amish individuals of European descent)

e. If samples were derived from an isolated or founder population with limited genetic heterogeneity, clearly state the genetic ancestry within

which this sub-population falls.

f. Every effort should be made to explicitly note whether the population is admixed and the ancestral backgrounds that contribute to admixture.
g. If available, genetic genealogy or ancestry of grandparents or parents should be included.
2. Report the method used to determine the ancestry of participants (for example, self-reported, inferred by genomic methods, or a combination of

both)

a. Where possible, use genomic methods to confirm self-reported ancestry or to infer the ancestry of samples.
b. If inferred, indicate the analytical procedure utilized. See Additional file 1: Box S1 for a description of commonly used methods.
3. Assign an ancestry category for each distinct group of samples. See Table 1 for a list of ancestry categories. Refer to Additional file 3: Table S2 for a

list of descriptors in use in the Catalog with their category assignments.

4. Provide the sample size for each distinct group of samples included in the analysis.

5. Provide country of recruitment.

6. If ancestry information is not available due to confidentiality, or any other concerns, note this in the publication.

perform more powerful and precise ancestry-related
queries [20]. We aim to integrate it into the GWAS
Catalog website in the near future. The ancestry
ontology [21] can be browsed and downloaded
(manuscript in preparation).

Application to reference populations

The HapMap [7] and 1000 Genomes [6] projects have
collated a number of widely used reference populations
and delivered a comprehensive survey of human genetic
variation. The application of our framework to these
populations, therefore, provides huge integration
potential, especially with any samples described using
these references in PCA and other analyses. For all
HapMap and 1000 Genomes phase 3 populations, we
assigned ancestry category, country of recruitment,
country of origin, and a detailed description, if provided
by each project (Additional file 5: Table S4).

Discussion

Summary

In this report, we describe a framework for the standard-
ized representation of ancestry data from genomics
studies. Our method provides structure to unstructured
data, enabling robust searching across large datasets and
integration across resources.

Limitations of the framework

Despite the successful application of our method to
GWAS Catalog samples and to commonly used refer-
ence populations, there are challenges. We are aware of
the sensitivities surrounding the topics of ancestry, race
and ethnicity, and the difficulties that arise when trying
to classify the global human population. Due to evolu-
tion and patterns of migration, the ancestry of a

particular population is complex. However, it is both
possible and useful to generate standardized terminology
and to classify individuals into informative groupings.
Reference populations or ancestry informative markers
[22] that allow populations to be distinguished have
been characterized, and methods have been developed to
adjust for population stratification and separate samples
into clusters. Practically, the classification of samples
into categories facilitates data integration and allows ro-
bust searches, which is an essential component of data-
bases such as the GWAS Catalog. Also, as we
demonstrate in our survey of Catalog ancestry data, the
use of categories can greatly facilitate further analyses
by, for example, reducing the complexity of data sets.
We recognize that as more cohorts from diverse popu-
lations are characterized, there might arise a need to cre-
ate additional categories or sub-categories. Also, it is likely
that admixture will increase in the future, due to migra-
tion, for example, resulting in samples that could be
described using multiple categories. The classification of
admixed samples is particularly challenging. The degree
and type of admixture may vary within the population,
and the accuracy of classification requires well-defined ref-
erence samples, which are lacking for some groups. In an
effort to address this, we have created categories to repre-
sent admixed groups that are known (for example,
“Hispanic or Latin American”) and emerging (for
example, “Other admixed ancestries”). We have also
included, and recommended inclusion of, information
regarding the populations that contribute to admix-
ture. We note that since the vast majority of admixed
Catalog samples can be classified as either “Hispanic
or Latin American” or “African American or Afro-
Caribbean”, we felt it was sufficient to create one
category to include all other forms of admixture.
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However, we recognize that as the community moves
towards increased characterization of these groups,
using genomic methods, for instance, our admixed
categories are likely to become more precise and
granular over time.

Assessing diversity in genomics

Several reports have been published urging the scientific
community to ensure that individuals from all back-
grounds benefit from advances in the field of genomics
[1, 2]. However, this requires the establishment of
metrics and proper tracking of ancestry data over time. As
evidenced by our new survey of ancestral backgrounds,
we believe the widespread implementation of our frame-
work, especially the use of standardized language and cat-
egories, can yield important benefits in this area.

There are, however, limitations to the use of categories
to track diversity in the Catalog. Considering that some
cohorts have been included in numerous studies, some
individuals are represented multiple times. The impact
of this is the skewing of results towards commonly used
or publicly available cohorts, which are likely of
European or Asian descent. Also, associations identified
in multi-ancestry studies, for example, “trans-ethnic”
discoveries or multi-ethnic replications, could not be de-
scribed using one category, resulting in a disproportion-
ate number of “multiple” ancestry associations (1.8 %
individuals, 22 % associations; Fig. 2d). This may con-
tribute to the reduced proportion of associations attrib-
uted to European populations, since the vast majority of
“multiple” ancestry studies include Europeans (Fig. 2c).

While the general bias towards inclusion of European
ancestry samples in GWA studies has been previously
reported, the disparity in the yield of associations de-
rived from African and Hispanic or Latin American pop-
ulations is a novel observation. We suggest that the
higher degree of genetic diversity and reduced linkage
disequilibrium (LD) in African [23] and African-admixed
populations offers an explanation for this result. Shorter
LD blocks in African populations facilitate the
separation of nearby but independent signals in a way
that is more challenging in populations with shorter LD
blocks, such as Europeans and Asians. Also, as the num-
ber of individuals from African and Hispanic or Latin
American populations has grown over the years, the
power to discover additional disease-associated variants
by leveraging the increased genetic diversity in these
populations has improved.

The benefit of including diverse populations has been
articulated, and extends throughout the translational re-
search spectrum, from GWAS discovery efforts to gen-
omic medicine. For example, studies including multiple
populations may aid in fine mapping of existing signals
or in identifying population-specific functional variation
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[6, 24]. Also, variant interpretation for genomic medicine
in ancestrally diverse or admixed populations relies on
the availability of non-European variation information,
with potentially serious clinical consequences if such
data are not available [25]. While we are encouraged by
the trend we have seen in recent years towards increased
diversity, we note that there are still very clear gaps as
some groups continue to be underserved or ignored. We
strongly urge the scientific community to expand their
efforts to assemble and analyze cohorts, including espe-
cially underrepresented communities.

Human genomics studies, including GWAS, have been
enormously successful [3, 5, 26]. However, the ability to
properly interpret and query the generalizability of
results across populations requires clarity about the an-
cestry of samples. Therefore, we have provided a frame-
work for the standardized representation of ancestry.
We believe widespread adoption will enable the scien-
tific community to investigate the generalizability of
genotype—trait associations across diverse populations,
to identify associations more prevalent in specific ances-
tries, to identify novel variants with clinical implications,
and to help pinpoint causative variants, thus increasing
our understanding of common diseases.

Methods

GWAS Catalog data curation

GWAS Catalog eligibility criteria and general curation
methods can be found on the GWAS Catalog website.
Curation of ancestry data from the literature was
performed according to the Ancestry Extraction Guidelines
outlined in Additional file 1: Supplementary Methods.

GWAS Catalog ancestry analysis

To determine the distribution of individuals, associations
and traits by ancestry category, we first downloaded all
Catalog data in tabular form [16]. All data included in these
analyses were curated from GWA studies published
between 2005 and the end of 2016, with a release date of
July 18 2017. The data can be found on the Catalog’s FTP
site [27] (gwas-catalog-associations_ontology-annotated.tsv,
gwas-catalog-ancestry.tsv, gwas-catalog-studies_ontology-
associated.tsv, and gwas-efo-trait-mappings.tsv).

1000 Genomes and HapMap Project population ancestry
assignment

Information describing the 1000 Genomes [6] phase 3
and HapMap Project [7] phase 3 populations was
taken from the Coriell Institute website [28]. Ancestry
information, including ancestry category, country of
recruitment, country of origin, and additional infor-
mation, was assigned to each population following the
GWAS Catalog Ancestry Extraction Guidelines men-
tioned above.
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A post-genomic surprise. The molecular
reinscription of race in science, law and medicine

Troy Duster

Abstract

The completion of the first draft of the Human Genome Map in 2000 was widely
heralded as the promise and future of genetics-based medicines and therapies — so
much so that pundits began referring to the new century as ‘The Century of
Genetics’. Moreover, definitive assertions about the overwhelming similarities of
all humans’ DNA (99.9 per cent) by the leaders of the Human Genome Project
were trumpeted as the end of racial thinking about racial taxonomies of human
genetic differences. But the first decade of the new century brought unwelcomed
surprises. First, gene therapies turned out to be far more complicated than any had
anticipated — and instead the pharmaceutical industry turned to a focus on drugs
that might be ‘related’ to population differences based upon genetic markers.
While the language of ‘personalized medicine” dominated this frame, research on
racially and ethnically designated populations differential responsiveness to drugs
dominated the empirical work in the field. Ancestry testing and ‘admixture
research’ would play an important role in a new kind of molecular reification of
racial categories. Moreover, the capacity of the super-computer to map differences
reverberated into personal identification that would affect both the criminal
justice system and forensic science, and generate new levels of concern about
personal privacy. Social scientists in general, and sociologists in particular, have
been caught short by these developments — relying mainly on assertions that racial
categories are socially constructed, regionally and historically contingent, and
politically arbitrary. While these assertions are true, the imprimatur of scientific
legitimacy has shifted the burden, since now ‘admixture research’ can claim that its
results get at the ‘reality’ of human differentiation, not the admittedly flawed social
constructions of racial categories. Yet what was missing from this framing of the
problem: ‘admixture research’ is itself based upon socially constructed categories
of race.

Keywords: Reductionism; racial admixture; genetics; reification; post-genomic

Duster (Warren Institute on Law and Social Policy, University of California, Berkeley and Department of Sociology, New York
University) (Corresponding author email: troy_duster@berkeley.edu)

© London School of Economics and Political Science 2015 ISSN 0007-1315 print/1468-4446 online.

Published by John Wiley & Sons Ltd, 9600 Garsington Road, Oxford OX4 2DQ, UK and 350 Main Street, Malden,

MA 02148, USA on behalf of the LSE. DOI: 10.1111/1468-4446.12118


mailto:troy_duster@berkeley.edu
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Introduction

Precisely at the dawn of the twenty-first century — as if on cue, the first draft of
the Human Genome Map was completed, providing two kinds of hope for the
new century. The first was explicitly about potential medical advances — the
promise and prediction that the completed map would spur the development
of new kinds of therapies that would increase health and reduce the ravages of
a wide variety of diseases. The second hope was more a diffuse political
aspiration, loudly trumpeted at the oft-cited White House news conference
marking the event in June 2000. That was when US President Clinton, UK
Prime Minister Tony Blair and the two molecular geneticists who had led the
public and private sector human genome projects all agreed that: At the level
of the DNA, there is no such thing as race.

Indeed, Paul Gilroy (2000) published a monograph that very year in which
he argued that the findings from human genomics would put to rest the idea
that there are important biological and genetic bases for differentiating human
populations. However, relevant to this pronouncement about the ‘end of race’
as biological, Mark Twain once famously quipped about a newspaper article
that reported that he had died, ‘the news of my death has been greatly
exaggerated’. So it has been with racial and ethnic categories in biology and
human genetics. Indeed, there is substantial evidence that developments
in several fields of inquiry and practice related to molecular genetics
(pharmacogenomics, pharmacotoxicology, clinical genetics, personalized medi-
cine and forensic science) have actually served to re-inscribe race as a biologi-
cal category (Toom 2014; TallBear 2014, 2013; Kahn 2013; Roberts 2011;
Bolnick 2008; Fullwiley 2008, 2007; Duster 2006b, 2005).

In early 2014, former New York Times science writer Nicholas Wade (2014)
published a book that stirred predictable controversy. Wade claimed that much
of human intelligence, and thus much of what he alleged to be corresponding
human achievement of the last several centuries can be explained by differ-
ences between races. Europeans in general, and Jews in particular, he argued,
achieved so much more than other racial and ethnically designated popula-
tions because of their bio-genetic makeup. It took less than four months for a
group of 139 scientists, population geneticists and evolutionary biologists, to
sign a document denouncing Wade’s conclusions. The document, published by
the New York Times Sunday Book Review (2014) stated that the work of these
scientists did not lend support to Wade’s thesis about racial differences, intel-
ligence, and achievement. Wade does indeed make huge and unwarranted
speculative leaps about the unfolding of colonial empires and the ascendancy
of economic and political systems — based upon what he asserts to be the
biological and genetic composition of different races. No research has been
able to identify a functional genomics that would code for such a complex
phenotype as human intelligence. None the less, one should not be lulled into

© London School of Economics and Political Science 2015 British Journal of Sociology 66(1)
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the false conclusion that the new human molecular genetics has been a bat-
tering ram undermining the idea of a biological basis of racial categories, or
even a neutral bystander on matters of race. Indeed, as I will demonstrate,
scientists from these fields have played an important (and sometimes) unwit-
ting role in resuscitating the idea of race as biological, even genetic.

Background and context

No one could have predicted that the Department of Defense’s commissioning
of a secure high-speed communication network for military use would ‘spin-
off” into the Worldwide Web of the contemporary internet.! While the Defense
Department achieved its goal, this achievement has been dwarfed by the scale
of the social, economic, and political consequences of the way the internet has
developed. From daily commercial transactions to downloads of streaming
videos, from distance learning to search engines that can mine the Library of
Congress, from e-mail to news media clips to blogs, from Facebook and Twitter
to Instagram — and this list could go on for several pages. The Internet is such
a dominant feature of the lives of so many that on a worldwide scale, if banks
or hotels or restaurants do not have their own websites, they are consigned to
outlier status in the backwaters of an integrated global network.

While no one could have predicted the speed and penetration of these
developments, if we stopped and thought about it, there are known synergistic
ingredients to the infrastructure that, placed onto the conveyor belt of modern
life, we could have expected dramatic changes. In a parallel fashion, one of the
deeply consequential spin-offs of the mapping and sequencing of the entire
human genome has been the use of these technologies to identify individuals
at the level of the micro-chip. This capacity for identification of millions, even
billions across the globe, is bound to have even more ‘spin-offs’ that will
ultimately dwarf the original intentionality of the early advocates of a genome
map. The first of those is just now emerging — the subtle, sometimes inadvertent
re-inscribing of race at the molecular level. A second development — the use of
markers for individual identification, and for claims to ‘authenticity’ for group
membership — has substantially penetrated the criminal justice system with
forensic uses, and has either advanced or subverted claims to tribal
membership. Another use is the collection of DNA from suspects or arrestees
in pre-trial circumstances to increase the DNA database, which in turn is
designed to help law enforcement determine whether there are matches
between the DNA samples of those suspects or arrestees and tissue samples
left at some unsolved crime: the net to catch the guilty. In societies in which
there is notable racial diversity, there have been race-based DNA dragnets.
These involve situations in which DNA evidence is left at the crime scene, and
the suspect is thought to be of a particular race — and the police then ask for
DNA samples of those in the surrounding area who fit the racial profile of the
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suspect (Boeschenstein 2006; Hanson 2004). In a more subtle and far-reaching
development, convicted felons report that they are more persuaded by the
prosecutorial claim of DNA evidence against them than even the prosecutors
—who often lie about the possession of such evidence (Prainsack and Machado
2012). These developments are a long way from the original goals of the
mapping and sequence of the human genome.

The rationale behind the Human Genome Project, and for the Haplotype
Map Project which followed, has always been the search for ways to improve
our health. There have already been some health benefits, and there will
certainly be more. None the less, in this paper I will point to mounting evidence
that the inadvertent and unintended spin-offs (into domains far removed from
health concerns and clinical medical applications) of the revolution in human
molecular biology will dwarf the health achievements.

Context for the ongoing dilemma

Two contradictory magnetic poles pull medical research on humans in oppo-
site directions — producing a tension that will never be resolved.” On the one
hand, there is a universalizing impulse — based upon a legitimate assumption
that human bodies are sufficiently similar that vaccines, catheters, pasteurizing
processes and tranquilizers that work in one population will work in others. On
the other hand, and unless and until research protocols establish and confirm
specific similarities across populations, there is sufficient human variation that
targeting medicines for specific populations can be a legitimate, even vital
empirically driven task. The theoretical question, of course, is why a particular
population or sub-population is to be so targeted? Because of folk theories
about different groups’ biological difference? — or because of their social and
political standing? Age, gender and race leap to the forefront. The history of
research on ailments as disparate as breast and prostate cancer (Rothenberg
1997; Wailoo 2011), heart disease (Cooper et al. 2005) and syphilis (Jones 1981;
Reverby 2009) provides strong evidence that the answer is not either/or — but
both. So, on what grounds do we choose one strategy over the other?

And it is precisely on this point that Steven Epstein (2007) raises the most
fundamental question:

Out of all the ways by which people differ from one another, why should it
be assumed that sex and gender, race and ethnicity, and age are the attrib-
utes of identity that are most medically meaningful? Why these markers of
identity and not others? (Epstein 2007: 10)

The answer is profoundly social and political, economic and cultural. The
USA is the only country in the world that, as public health policy, does not
operate on the assumption of the single standard human.
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Moreover, by highlighting certain categories, there is the unassailable truth
that other categories are thereby ignored. But more to the theoretical point —
because each of the categories noted above has a potential or real biological
base in either scientific or common sense understandings (Schiitz 1962) when
scientists report findings indicating differences, the danger is that these find-
ings can seductively divert policy-makers from seeking alternative interven-
tions that could better address health disparities (Krieger 2011).

In the history of science and medicine, it is a very recent requirement that
researchers requesting federal funding and drug manufacturers trying to
obtain regulatory approval for their company’s products ‘are now enjoined to
include women, racial and ethnic minorities, children, and the elderly as
research subjects in many forms of clinical research’ (Epstein 2007: 5).

This shift has occurred only in the last two and a half decades, beginning with
regulations that were developed first in 1986 in the USA - a direct conse-
quence of sharp challenges to the presumption that findings derived from the
study of any single group, such as middle-aged white men, might be general-
ized to other populations. Once again, it is important to re-state the relatively
unique feature of this development as it applies mainly to the USA (Epstein
2007: 7). The rest of the world has continued to act upon the presupposition of
the standard human, at least until now. As we shall see, that too is about to
change.

When is difference just difference, and when is difference something that
inexorably stratifies a population? The answer lies in immediate history,
context and setting — in particular, whether there have been social meanings
attributed to that differentiation. The authors of an often-cited piece in
Genome Biology seem to acknowledge this when they say:

Finally, we believe that identifying genetic differences between racial and
ethnic groups, be they for random genetic markers, genes that lead to disease
susceptibility or variation in drug response, is scientifically appropriate.
What is not scientific is a value system attached to any such findings. Great
abuse has occurred in the past with such notions as ‘genetic superiority’ of
one particular group over another. The notion of superiority is not scientific,
only political, and can only be used for political purposes. (Risch et al. 2002:
11)

But while the sentiment is admirable, this formulation constitutes a funda-
mentally flawed notion of a firewall between ‘science’ and ‘politics’. All soci-
eties make sharp differentiations among their members that permit stratifying
some groups over others. When humans create categories such as ‘caste’ or
‘ethnic group’ or ‘race’ — those taxonomies are political, and they are stratified
in the most basic meaning of hierarchy: power-based differential access to
resources. These three categories routinely pre-date and pre-figure scientific
inquiry, but profoundly and routinely configure that inquiry. Over time, the
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interaction between living at the top or bottom of a stratified hierarchy pro-
duces systematized different access to the rawest human needs. This means
that there will be a feed-back loop to various health and illness outcomes to
those different ‘populations’ (i.e., so stratified). If that seems abstract, here is a
poignant example of that feedback loop.

Syngenta is one of the world’s leading agri-business companies, with over
25,000 employees in nearly 100 countries across the globe. According to its
official website, the company is dedicated to increase crop productivity
through scientific advances, and to ‘protect the environment and improve
health and quality of life’. Syngenta has a plant in St. Gabriel, Louisiana, where
it manufactures a crop-enhancing product called atrazine. But atrazine has an
unfortunate side effect — it ‘demasculinizes and feminizes’ vertebrate animals
who are exposed to it by inducing aromatase. When humans are exposed to
atrazine for sustained periods, they are at much increased risk for certain
cancers. The production facility in St. Gabriel has a prostate cancer rate 8.4
times higher among factory workers exposed to atrazine, and it just so happens
that this plant is located in a community that is more than 80 per cent African
American (Hayes 2010:3768).

These sharply different rates of prostate cancer between whites and blacks
can be studied scientifically by geneticists trying to understand ‘population
differences’ through a uni-dimensional genetic prism, but with no understand-
ing of the larger context in which humans are exposed to environmental
insults — as in the first part of the formulation by Risch et al. (2002). But we can
also study the systemic pattern of African Americans living close to toxic waste
dumps across the whole country (Bullard 2000; Sze 2007). That is also available
for systematic empirical investigation and testable formulations — otherwise
known as science. Why should the decontextualized genetic inquiry of differing
prostate cancer rates between Americans of European and recent African
descent be characterized as apolitical ‘science’ — while the rate of their
increased risk to exposure to atrazine is seen as ‘political’ science? The answer
is lodged in current culturally framed notions of the hierarchy of science. Being
completely ahistorical and apolitical, we could take a sample of two different
populations of whites and blacks in the contemporary USA, and we would find
differences in their rates of hypertension. While there is some debate about the
extent of the gap, blacks do tend to have somewhat higher rates than whites.
But as Richard Cooper and his colleagues (Cooper et al. 2005) have shown,
cross-cultural data demonstrate that this is not evidence for a biological dif-
ference between the races. This study examined hypertension prevalence rates
among 85,000 subjects. It was explicitly designed to compare racial differences,
sampling whites from eight surveys completed in Europe, the US, and
Canada — and contrasting these results with those of a sample of three surveys
among blacks from Africa, the Caribbean, and the US. The data from Brazil,
Trinidad and Cuba show a significantly smaller racial disparity in blood
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pressure than found in North America, and then most tellingly the authors of
the study conclude:

These data demonstrate that the consistent emphasis given to the genetic
elements of the racial contrasts may be a distraction from the more relevant
issue of defining and intervening on the preventable causes of hypertension,
which are likely to have a similar impact regardless of ethnic and racial
background. (Cooper et al. 2005)

Yet the Cooper study, which involved more than 80,000 subjects across eight
nations, was not taken as seriously as the study of 1,056 African American
subjects in a solely US-based study of hypertension (Roberts 2011). Indeed,
the FDA approved a drug designed by African Americans with hypertension
the spring of the very same year, after the Cooper study was published (Kahn
2013; Cooper et al. 2005). Since that decision was demonstrably more about
economics, patenting and politics than about science, it is a naive to think that
these factors can be neatly parsed and isolated from each other.

Two quite separate and seemingly unrelated developments have converged
in the last decade to concretize, literally, the cascading reification of race and
ethnicity in science, medicine and law. A useful metaphor comes from an
understanding of the two elements that must come to together to explain how
an epoxy glue is made: One part is a crystalline phenol, either synthesized or
made from organic resins. The second part is a catalyst or hardener. If the two
parts are kept apart, nothing bonds. But when the two are stirred together, the
bonding can produce a superglue that is remarkably hard-and-fast. So it is with
the two-part formula that has crystallized an early twenty-first century
re-inscription of race.

Molecular admixture: part 1 of the infrastructure of the new reification of
race and ethnicity

How did we come to this current situation, in which there is an increasing
acceptance of the idea that ‘the reality of race’ lies in the capacity of the
computer to determine proportional ancestry at the molecular level? In short,
what is the fast and unfolding history of a technology that has swept across
fields as diverse as clinical medicine, ancestry testing, pharmaceutical industry
trials for new drug developments, and molecular photo-fitting in forensics? The
inventor of the technology is Mark Shriver of Pennsylvania State University. In
his first paper on the topic, published in 1997, Shriver entitled the work
‘Ethnic-Affiliation Estimation by Use of Population-Specific DNA Markers’.
However, ‘population specific markers’ are so rare that the focus shifted to the
relative frequency of markers when comparing populations. Shriver would
later revise this framing, and in subsequent papers, refer only to something he
would call as Ancestry Informative Markers. In a conversation which T still
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vividly remember from our earliest exchanges on this topic, Shriver told me
that the phenotype of race was too arbitrary and unable to signal or signify the
real genetic make-up of the individual. He understood quite correctly that in
different societies, and even in different decades of the same society, the
definition of races can be fluid and arbitrary. For example, he knew that the
census categories changed several times over the course of a few decades,
whether in the USA, Brazil, or other nations categorizing their citizens by race.
But the new markers, he insisted, would get at the underlying and thus genuine
genetic composition of the individual. So, he was saying that he could use the
computer analysis to determine one’s ‘real’ genetic make-up, because the
social designation of race and ethnicity is dependent upon such factors as
conjectural imputations and arbitrary categorizations by others. In 2001 the
BBC aired an extraordinary film, Motherland: A Genetic Journey, in which
Shriver’s work was featured ‘authenticating’ proportional ancestry. By 2004, he
was using AIMS to tell college students just how wrong they were in assuming
that the categories that they had been living with reflected ‘the reality’ of their
race or ethnicity (Daily 2005).

Current technology permits us to link via DNA analysis to only two specific
lines. On the Y chromosome, one’s father’s father’s DNA, going back as far as
we can locate the genetic material, can be determined with a high degree of
certainty. That is how Thomas Jefferson — or one of his brothers — was defini-
tively linked to Sally Hemings’ offspring (Gordon-Reed 2008). On the female
side, mitochondrial DNA (mtDNA) can link one’s mother’s mother’s mother
going back as far as we can garner the DNA. So, while we have 64 great-great-
great-great-grandparents, the technology allows us to locate only two of those
64, if we’re going back six generations, as our real legacy and genetic link to the
past. But what of the other 62? Those links are equal contributors to our
genetic makeup, and we ignore them only because we do not have access to
them.

Sometimes putative links to ancestry (or lack of same) have significant
financial repercussions. The Black Seminoles have struggled with this very
question — of whether to use DNA analysis to ‘authenticate’ their relationship
to the Seminole Indian Tribe. The reason is straightforward and serious:
money. The federal government, pursuant to a land-settlement claim, made an
award to Seminole Indians in 1976, poised to distribute upward of $60 million.
In 2000, the Seminole Nation of Oklahoma amended its constitution so that
members needed to show ‘one-eighth Seminole blood’ (Johnston 2003). The
Black Seminoles could use either Y-chromosome analysis or mitochondrial
DNA (mtDNA) to link themselves through very thin chains back on two edges
of the genealogical axis (mother’s mother’s mother, etc.; or father’s father’s
father, etc.), but that would miss all other grandparents (14 of 16, 30 of 32, 62
of 64). The stakes are even higher for the Florida Seminoles. In 2006, the tribe
purchased the entire Hard Rock Café chain for approximately one billion

© London School of Economics and Political Science 2015 British Journal of Sociology 66(1)



A post-genomic surprise 9

dollars. If you were offered a genetic ancestry test of either Y-Chromosome or
mtDNA analysis, would you really want to engage the probabilistic Russian-
roulette type gamble? Kim TallBear puts it this way:

... genetic population categories themselves are not even consistently
defined. For example, a scientist may draw blood from enrolled members at
the Turtle Mountain Band of Chippewa Indians reservation in North
Dakota and call her sample a “Turtle Mountain Chippewa’ sample. At the
same time, she may have obtained ‘Sioux’ samples from multiple other
scientists and physicians who took them at multiple sites (on multiple res-
ervations or in urban Indian Health Service facilities) over the course of
many years. In the Turtle Mountain Chippewa instance, we have a ‘popula-
tion’ circumscribed by a federally-recognized tribal boundary. In the ‘Sioux’
instance, we have a population circumscribed by a broader ethnic designa-
tion spanning multiple tribes. Histories of politics inhere in the samples.
(TallBear 2014)

Unlike Y DNA or mtDNA tests, the of technology Ancestry-Informative
Markers (AIMS) examines a group’s relative share of genetic markers found
on the autosomes — the non-gender chromosomes inherited from both parents.
As noted, AIMS are overwhelmingly shared across all human populations, it is
therefore not their absolute presence or absence, but their rate of incidence, or
frequency, that is usually being analysed. This is especially true when it comes
to claims about the distinctiveness of continental populations. How did some
markers come to represent ancestral populations of Africa, Europe, and
Native America? Because the companies marketing ancestry tests hold pro-
prietary interests in their techniques, most do not make them available for
possible scientific replication, and their modeling constructs are therefore
typically undisclosed. Thus, we are usually left to speculate about the threshold
level of frequency that is used to determine the grounds for inclusion or
exclusion, as well as what counts as a ‘pure’ referent population.

In one lab that permitted its procedures to be studied by a medical anthro-
pologist, ancestry percentages were generated by formulas that compare the
relative frequency of markers (44 in total) between selected populations of
recent European, African, and Native American descent (Fullwiley 2008). All
those in the defined group were tested for the frequency of markers that the
researchers hoped would provide relative distinguishability. Recall that the
frequency at which each marker appears in each group is noted — and whole
continents are never sampled. Finally, the researchers compare marker fre-
quencies between the three groups to come up with values which, when taken
together, yield a probability result about ancestral percentages. This procedure
generates the baseline for the statistically-based notion of a 100 per cent pure
European (or African, etc.), so that when you send in your DNA from the
saliva swab, and it turns out that you have one-third of the markers that have
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been designated as ‘European’ — you are told that you are 33 per cent
European. It is by this statistical legerdemain that we have come to generate
the first half of the two elements that go into the molecular reinscription of
race in contemporary human genetics (TallBear 2014; Fullwiley 2007).

There are a number of deeply problematic, even flawed assumptions behind
that percentage claim. What is this ‘reference population’ that has become the
measuring stick by which we inform people of their ‘per cent ancestry to a
putatively pure continental population’ (read ‘race’ here)? Let’s re-examine
such a result if reported back to someone of recent African descent. First, more
than 700 million people currently inhabit the African Continent — and human
geneticists have known for decades that this is the continent with the greatest
amount of genetic variation on the globe. One important reason for this
variation has been noted by Pilar Ossorio:

For many regions of the human genome, there are more variants found
among people of Africa than found among people in the rest of the world.
This is probably because humans have resided in Africa for much longer
than we have resided any place else in the world, so our species had time to
accumulate genetic changes within the people in Africa. (Ossorio 2009).

A scientifically valid random sampling of even one per cent of this popula-
tion would require a prohibitively expensive research programme — a database
of seven million. So instead researchers have settled for ‘opportunity samples’
or ‘convenience samples’ — namely, a few hundred here or there, or even
thousands that have been collected for a variety of reasons. No attempt has
ever been made to take theoretically driven or random samples from African
tribes such as the Lua, Kikiyu, Ibo, Hauser, Bantu, Zulu (with all the linguistic,
cultural and political complexities of defining the boundaries of such groups),
not to mention the thousands of language groups spread across the continent.
How then, can we have any sense of reliability or validity for a claim that says
someone is 80 per cent African — when the baseline for that claim is based
upon the transparent scaffolding of chance — not purposive sampling?

Yet, when taken together, we are told that these markers appear to yield
sufficiently distinctive patterns in those continental populations tested. So now
we see how a specific pattern of genetic markers on each of a set of chromo-
somes that have a higher frequency in the ‘Native Americans’ sampled
becomes established as a ‘Native American’ ancestry reference. (The fact that
there are more than 480 different populations of the Tribal Council — the vast
majority of which have never been sampled — is no small matter here, but that
is not the focus of a separate critique I am about to make.) The problem is that
millions of people around the globe will have a similar pattern — that is, they’ll
share similar base-pair changes at the genomic points under scrutiny. This
means that someone from Bulgaria whose ancestors go back to the fifteenth
century could (and sometime does) map as partly ‘Native American’, although
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no direct ancestry is responsible for the shared genetic material. There is an
overwhelming tendency for those who do AIMs analysis with the purpose of
claims about ancestry to arbitrarily reduce all such possibilities of shared
genotypes to ‘inherited direct ancestry’. In so doing, the process relies exces-
sively on the idea of 100 per cent purity, a condition that could never have
existed in human populations.

While this is a huge problem, yet another issue looms even larger. If a
computer program produces an outcome indicating that 35 per cent or more
of a particular genetic marker exists in population A (let’s call them East
Asian), while 35 per cent or less occur in population B (let’s call them Euro-
pean), the researcher may use that marker to say that someone is from East
Asian ancestry. To make matters even more complicated, claims about how
a test subject’s patterns of genetic variation map to continents of origin and
to populations where particular genetic variants arose, require that the
researchers have ‘reference populations’. The public needs to understand
that these reference populations comprise relatively small groups of contem-
porary people. Those groups sampled may have migrated over several cen-
turies, and thus these researchers must make many untested assumptions in
using these contemporary groups to stand as proxies for populations from
centuries ago, whether putatively representing a continent, a region, or a
linguistic, ethnic or tribal group. To construct tractable mathematical models
and computer programs, researchers bracket these assumptions about
ancient migrations, reproductive practices, and the demographic effects of
historical events such as plagues and famines. Given these intractable barri-
ers to even low-level probabilistic reliability, geneticists are on demonstrably
thin ice telling people that they do or don’t have ancestors from a particular
population.

Thus, instead of asserting that someone has no Native American ancestry,
the most truthful statement would be: It is possible that while the Native
American groups we sampled did not share your pattern of markers, others
might since these markers do not exclusively belong to any one group of our
existing racial, ethnic, linguistic, or tribal typologies. But computer-generated
data provide an appearance of precision that is dangerously seductive and
equally misleading. We cannot conclude that an individual has a close affinity
to a particular ethnic or racial group or local geographical population simply
because their DNA markers match that population.

Such a conclusion would require demonstrating that the DNA sequence is
not present in other places, it would require demonstrating that the gene
pool of that ethnic group or local population had been close and immobile
for centuries and millennia . . . (Weiss and Long 2009)

Despite these caveats about how much remains black-boxed assumptions,
the last decade has witnessed an explosion of articles published in science
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journals, attempting to explain the role of genetic admixture in diabetes,
asthma, obesity and a number of other health outcomes (Moreno-Estrada
et al. 2014; Fernandez and Shriver 2004). Here is an example of the kind of
framing language used in such studies:

There have been several recent reports of significant associations between
genetic admixture and obesity-related traits in admixed populations. For
example, Williams and colleagues reported a significant negative association
between European admixture with body mass index (BMI kg/m?) and
fasting glucose measurement, suggesting genetic susceptibility for both dia-
betes and obesity in a sample of nondiabetic Pima Indians. (Fernandez and
Shriver 2004)

We shall return to this matter of competing explanations of the high rate of
diabetes among the Pima, but first we need to set the stage for the second
element, the ‘other half’ of the two parts that synergistically interact as a ‘gel’
hardening the molecular reinscription process.

Navigating with race while trying to navigate around race

A significant wing of the Biological Sciences has found an unusual and
effective way around the problem of confronting the matter of ‘race as a
biological category’. The strategy is to not deal with race in a full-scale
case-control design, but to ‘back into’ a clinical study that was never
designed to test whether race plays any role, only to discover ex post facto
that the race of the clinical population, however defined, played a role in
drug efficacy. Simply deploying racial categories of already collected data
sets (by race) is one strategy that permits researchers to conveniently cir-
cumnavigate the problem of having to define terms. After all, to do a case
control study would require the researcher to define terms and to specify the
boundaries of the relevant populations. For ‘race’ this would be a knotty
problem these days, with self-report of racial designation the primary cri-
terion for classification.

There is yet a more subtle method of navigating around the problem of
defining race, and it has become an increasingly standard operating procedure
— the deployment of the idea of ‘admixture’. Of course the irony resides in the
routine practice of treating four continental ancestral populations as the basis
of admixture — and these four populations align with Africa, Europe, Asia, and
the Americas before the arrival of Europeans and have the putative ‘purity’
prior to admixture (Fernandez and Shriver 2004; TallBear 2014; Fullwiley
2006).
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The second part, or: the ‘good intentions’ path from health concerns to
molecular reinscription of race

In the last decade, there has been a peculiar and fateful irony in the conver-
gence of the desire (and pressure) to use genetics to improve our health, and
the decision by the US Congress to require that the National Institutes
of Health record data and engage in research to lessen the health disparities
between racial and ethnic groups. In 2000, Congress passed the Minority
Health and Health Disparities Research and Education Act of 2000
#106-525, which mandated the National Institutes of Health to support
research on health disparities between groups categorized by race and
ethnicity.

As a direct consequence, the last decade has generated a sharp increase in
articles that report health disparities between members of the majority white
population and the various groups racially and ethnically designated. That was
to be expected. Moreover, since the National Human Genome Research Insti-
tute is a branch of the National Institutes of Health, it would follow that
research on human genetics would enter the fray, with scientists poised and
ready to assert the unique contribution of molecular genetic differences to an
explanation of these health disparities. For example, because the rate of pros-
tate cancer in African Americans is more than double that of white Americans,
it was inevitable that some would attempt to explain this through the lens of
genetics. This in turn would lead down the path that would serve to rescue old
racial taxonomies and their relationship to genetic profiles and genetic
conditions. It was not expected that, in so doing, this strategy would inadvert-
ently resuscitate the idea that genetic differences between those we place in
racial categories might well explain different health outcomes. This is territory
fraught with minefields for obvious reasons, dating back to the eugenics move-
ment in the USA and its promulgation and extension into Nazi Germany
(Proctor 1999; Kuhl 1994; Reilly 1991; Kevles 1985; Ludmerer 1972; Haller
1963).

To navigate around such problems, research scientists have developed two
strategies. The first is to use only an ex post facto deployment of race and
ethnicity, after data have been collected in large clinical trials in which race was
not a defining category of selection. Two recent examples of this are the
coming to market of racialized drugs, BiDil (designed for hypertension relief
and congestive heart failure amelioration in African Americans) and Iressa (a
late stage drug for treatment of lung cancer in Asians) (Kahn 2013; Sun 2012;
Roberts 2011). The second strategy of navigation around the explosive com-
bination of race-genetics-disease is to propose a large-scale research project
aimed at determining the degree of genetic vs. environmental sources of health
problems. Of course this formulation presumes that one could successfully
‘partial out’ the genetic from the environmental. Yet, it is one of the most
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fundamental axioms of the contemporary life sciences that there is an inter-
actional element at the core of the relationship between genes-and-
environment. To assert that some human health condition, trait, or behaviour
is, say, 60 per cent genetic and 40 per cent environmental is to express a static
and archaic version that is entirely a statistical artifact of this static assumption.
Such a statistical technique of partialing out denies or obscures the profoundly
interactional problem of race, genes, and disease — now generating one of the
most vexing and visceral debates in contemporary science. In order to under-
stand why, we must first get a handle on what it means to ‘isolate’ race as a
variable (or constant) in a research protocol.

Reifying biological race and ethnicity to explain diabetes and obesity

There is no race which is so subject to diabetes as the Jews’, wrote W. H.
Thomas in 1904 ... a New York physician who was voicing an almost
universally held belief in the USA that of all the ‘races’, Jews had the
greatest likelihood of developing diabetes. At the same time, most
members of the medical community considered the prevalence of diabetes
among Blacks to be unusually low. In the words of a Johns Hopkins phy-
sician in 1898, ‘Diabetes is a rare disease in the colored race. (Tuchman
2011:24)

A century later, things have changed dramatically. Jews are now routinely
categorized together with other Americans of European descent as white —
and whites have less than half the rate of diabetes than African Americans. The
link between Jews and diabetes had its origins in the European medical litera-
ture, and most particularly in the late nineteenth century writings of Joseph
Seegen of Vienna. Tuchman reports that

after Seegen noted in 1870 that roughly one quarter of his 140 diabetes
patients were Jewish, other studies started appearing alleging that Jews died
of diabetes at a rate between two and six times higher than the rest of the
population. (Tuchman 2011: 25)

In the German literature, diabetes even came to be known as the
Judenkrankheit, or ‘Jewish disease’.

When J. G. Wilson, a physician with the US Public Health Service, tried to
understand why the diabetes mortality rate in New York City had tripled
between 1889 and 1910, he compared the rapid growth in the city’s Jewish
population with the rise in the diabetes mortality rate. For Wilson, the
correlation between these two sets of data was sufficient to demonstrate
causation.
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To explain why Jews experienced such a high rate of diabetes, Wilson turned
to racial traits, claiming that ‘some hereditary defect’ made the Jews more
prone to develop the disease. He did not elaborate on the nature of the
‘defect’, but others pointed to the supposedly sensitive nervous system of
the Jews. For Osler, it was the Jews’ particularly ‘neurotic temperament’; for
the author of an article in the widely read Collier’s Magazine, it was the
Jews’ ‘racial tendency to corpulence. (Tuchman 2011: 25)

Although the Pima Indians of Arizona have long since replaced Jews as the
group with the highest reported risk of diabetes, the method of recording a
snapshot of corpulence (now cast as body-mass-index) continues the tradition
of collecting cross-sectional data on the physical characteristics of the target
population.

The question of how best to approach a strategy to increase the health
of the disenfranchised and economically distressed is a very hotly contested
issue, mainly because of the overlap of poverty, illness, ethnicity and race
(Keller et al. 2012). This overlap has led some to the conclusion that there
is something basically different in the bio-genetic make-up of different
groups that might best explain health disparities. The Pima Indians have the
highest rate of diabetes of any population ever studied, and they have
become the subject of intense scrutiny and research as to why. ‘More
than half of the Pima older than 35 years of age have the disease, and the
prevalence rates reach a peak of 86 per cent in women aged 55 to 64’
(Johnson, Nowatzki and Coons1996). The prevalence rate increased by 42
per cent in the decade between 1967 and 1977 (Carter et al.1989). Here is
an excerpt from an account of the approach supported by the National
Institutes of Health that I have termed elsewhere ‘looking inside the body’
for answers:

Beginning in 1983 and continuing for 10 years, the National Institute of
Diabetes and Digestive and Kidney Diseases (NIDDK) studied the genetic
codes of almost 300 non-diabetic Pima Indians in great detail:

We looked at body composition, how well a person produced insulin, how
well that person’s cells responded to insulin, and other factors. After a
number of years, some of the volunteers developed diabetes and we were
able to determine that insulin resistance and obesity were major predictors
of disease’, Dr. Bogardus explained.

Because diabetes is such a complex disease, Dr. Bogardus and his staff are
attempting to narrow their search by first looking for the genetic causes of
physical conditions that can lead to diabetes, such as the genes that influence
a person’s cells to secrete less and respond less to insulin that is needed to
regulate blood sugar.
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In 1993, they identified a gene called FABP2 that may contribute to insulin
resistance. This gene makes an intestinal fatty acid binding protein using one
of two amino acids. When the gene makes the protein with threonine, one of
those amino acids, the body seems to absorb more fatty acids from the fat in
meals. NIH scientists think that could lead to a higher level of certain fats
and fatty acids in the blood, which could contribute to insulin resistance.
(NIDDK 1996: 3)

On the matter of potential known effective interventions, this approach
does not have (indeed, could not have) much of a track record. For at
least the last half century, we have known that the rate of Type II diabetes
among Native Americans is more than double that of whites in the USA.
Until quite recently, the dominant theory among geneticists who have
approached this topic has strongly suggested that Native Americans are far
more likely to possess genes that enable fat-hoarding, sometimes labeled
‘thrifty genes’. They hypothesized that these genes were conducive to adap-
tation because the ancestors had a need to survive during cycles of famine.
However, since this group now lives in a world in which they can routinely
ingest foods with high fat and sugar content, these putatively formerly
protective/adaptive genes are now placing this population at greater risk for
diabetes.

A recent study suggests that it was the high-fibre diet that ‘locked in to
place’ the thrifty genes, not the adaptive mechanisms generated by famine
cycles (Reinhard et al. 2012). Notice that in both accounts, genes are playing
a dominant role in explaining ‘health disparities’. Yet we have strong evi-
dence that diet has far more analytic explanatory power, across all groups,
when addressing the diabetes crisis that has struck across the globe since
1980. The fastest rate of increase is in India, which the World Health Organi-
zation has called the diabetes capital of world. Current estimates suggest that
at least 35 million suffer now, and best estimates predict this figure will
double in the next decade (Siegel, Venkat Narayan and Kinra 2008). In the
last three decades, the growing middle classes of India have experienced an
exponential increase in rates of diabetes, and ‘thrifty genes’ have less to do
with this than the new capacity of the newly well-to-do to consume high
levels of sugar in the countless ceremonies and ritual dinner celebrations
that they can now afford.

To return to the extraordinarily high rate of diabetes among the Pima, an
alternative to the genetic approach sets the analytic frame in a broader
socio-historical context. Those who approach the matter from this angle have
a very different view of how to think about diabetes prevention and treat-
ment. In the graphic below on ‘prevalence of diabetes in related populations’
note the striking pattern of urban versus rural dwelling among six popula-
tions across the globe. Those who live in urban areas and consume a
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Prevalence of Diabetes in Related Populations

Traditional Prevalence (%) Westernized Prevalence (%)

Amerindians Mapuche Pima 23

New Guinea Rural Urban 37

Australian Aborigines Rural Urban 23

Middle East Yemen Lebanon 14

Chinese Rural China Urban Taiwan

Asian Indian Rural India Fiji

H. King and M. Rewers, “Global estimates for prevalence of diabetes mellitus and impaired glucose tolerance”.
Diabetes Care, 1993; 16: 157-177

westernized diet have a very high rate of diabetes, but those who have lived
in ‘traditional’ sites where they practice ‘traditional culture’ hardly experi-
ence any diabetes:

Of course what is most striking about this table is that this pattern holds true
for every group sampled, across a wide swath of the globe. Did they all have
thrifty genes, and if so, what intervention is implied other than a dramatic shift
in diet? Or from another perspective, since the sharp increase in Type II
diabetes has come about in the last three decades — just in pure scientific logic,
far more of the variance is explained by a systematic empirical investigation of
shifting patterns of nutritional intake.

In a summary of the problems encountered when trying to explain sharp
rates of difference between the tribes studied, the authors concluded:

We have no data on relative rates of obesity or lifestyle differences that
might explain the different rates of diabetes between the Pueblo tribes and
the tribes of the Athabascan groups ... Whether tribes of the Athabascan
language group carry a genetic risk of diabetes different from that of the
Pima and Pueblo Indians is unknown. (Carter et al. 1989)

A few years after this paper was published, complaining that there were no
accounts of lifestyle among the various groups, a study was undertaken to
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focus on lifestyle. Pima Indians using an outpatient hospital pharmacy in
Southern Arizona were invited to participate (Johnson et al. 1996). Subjects
were given a self-administered questionnaire that probed for demographic
information and clinically relevant variables, and then were asked to take a
short form version of a health survey. Notice the inverted parallel to the
situation described in the introduction — where data collected on patients’
heart condition was confined to the doctor’s office. But while many of the heart
patients assessed at routine check-ups were deemed otherwise healthy, the
Pima in the study just noted here were restricted to those known to have
diabetes. And while the title of the study had in it the name ‘lifestyle’ — the only
data collected were within the confines of a medical establishment, a hospital
pharmacy visit.

These are ‘snapshots’ or ‘freeze-frame’ accounts of the condition of a popu-
lation at a single point in time. What happens when we step back and try to
situate the Pima Indians’ health crisis around diabetes within a larger socio-
cultural context, literally situating this group outside the hospital — and inves-
tigating instead the ‘natural setting’ in which their lives have been shaped.
A good ethnography begins with a socio-cultural history of the group being
studied, and we can learn much that has direct relevance to their current high
rates of diabetes from just a brief overview of that history.

At the end of the nineteenth century, the Pima were known to be superb
farmers, self-sustaining and independent (DeJong 2007: 59). They had lived for
centuries near the free-flowing Gila River, which supplied ample water for
their agricultural needs. Indeed, they called themselves Akimel O’tham, or
River People. However, the expansion of white settlers westward would dra-
matically change that lifestyle and force them to abandon water-intensive
crops. By the turn of the century, thousands of these white settlers lived next to
the Pima Reservation, and began competing directly for irrigation rights. As
early as 1877, the Desert Land Act required that an applicant ‘required bona
fide application of water to the land to obtain title’. Ultimately dams were built
that re-directed water away from traditional Pima farms, forcing residents to
either abandon the area or shift to a different source of livelihood (DeJong
2007: 48). In 1902, a health survey found only a single case of diabetes among
the Pima. Three decades later, the number had increased to more than 500.
Then during the 1930s, the Coolidge Dam was completed. Although it was
heavily touted to bring water to all, within a few years it became clear that the
Pima were not to be the beneficiaries. There was certainly not enough water
directed their way to restore traditional farming. Poverty was taking a heavy
toll, with early deaths rising precipitously among the Pima, and the federal
government embarked upon a programme to provide free government surplus
food to the community.

Thus begins the substantive and compelling account of the dramatic
increase of diabetes in this population. It was free food, but it was saturated
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with a diabetic’s nightmare: refined white flour, processed cheese, lard, candy
and chips, refined sugar, grape juice, and lots of macaroni. Anthropologists
monitoring the dietary circumstances noted that the diet of the Pima from an
earlier times consisted of wild plants and game animals, when

they used such foods as seeds, buds, fruits and joints of various cacti; seeds of
the mesquite, ironwood, palo verde, amaranth, salt bush, lambsquarter,
horsebean and squash; acorns and other wild nuts;. . . roots and bulbs of the
sandroot (wild potato) ... deer, antelope, ..rabbits, quail, dove, wild ducks,
wild turkey. (Mark 1960: 46)

Fast forward to the middle of the twentieth century, when this diet was
completely obliterated (Hackenberg 1962) — and in its place the Pima received
boxes piled upon boxes of processed macaroni and cheese, where the larger
the family size, the more entitlement to those free boxes of food. In the 1890s,
the dietary intake of fat was 15 per cent, but by the 1990s it had nearly tripled
to an eye-popping 40 per cent (NIDDKD 1996:19).

National genomic sovereignty

In the opening section, I noted that the history of why and how the USA has
been in the vanguard of a movement to tailor therapies to particular sub-
populations within its borders. That is changing rapidly around globe, with the
emergence of something Benjamin (2009) has called ‘National Genomic
Sovereignty’

One of the most striking developments of the last few years has been the
move by several governments to take strong protective ‘ownership’ of the
DNA of their own populations — a move designed to protect from possible
bio-piracy from the pharmaceutical industry in Western countries. This
‘national genomic sovereignty’ represents a pathway the very opposite of the
universal notion of human DNA envisaged at the inception of the Human
Genome Project:

On the surface, this policy frame asserts a deeply nationalist sentiment of
self-determination in a time of increasing globalization. It implicitly ‘brands’
national populations as biologically distinct from other populations, ‘natu-
ralizing’ nation-state boundaries to ensure that less powerful countries
receive the economic and medical benefits that may result from population
genomics. (Benjamin 2009: 341)

Mexico amended its General Health Law in 2008 to make ‘the samp-
ling of genetic material and its transport outside of Mexico without prior
approval . . . illegal’ (Séguin et al. 2008: 6).

The Genomic Sovereignty amendment states that Mexican-derived human
genome data are the property of Mexico’s government, and prohibits and
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penalizes its collection and utilization in research without prior government
approval. It seeks to prevent other nations from analyzing Mexican genetic
material, especially when results can be patented, and comes with a formi-
dable bite in the form of prison time and lost wages. (Benjamin 2009: 344)

Mexico may be in the vanguard in being so explicitly asserting its commit-
ment to national ‘genomic sovereignty’, but the nation is hardly alone. India,
China, Thailand and South Africa have all issued policy statements or passed
legislation designed to develop national genomics infrastructure to benefit
their populations (Séguin et al. 2008).

In 2009, the HUGO Pan-Asian SNP Consortium, an international research
team led by Edison Liu of the Genome Institute of Singapore, mapped
genetic variation and migration patterns in 73 Asian populations, with data
coming from 11 Asian countries: Japan, Korea, China, Taiwan, Singapore,
Thailand, Indonesia, Philippines, Malaysia, Thailand, and India. The results —
which included a summary statement that ‘there is substantial genetic pro-
ximity of SEA [Southeast Asian] and EA [East Asian] populations’ — were
published in the journal Science (Hugo Pan-Asian Consortium 2009). In the
same year, the Iressa Pan-Asian study (IPASS) was carried out by research-
ers in Hong Kong, mainland China, Thailand, Taiwan, and Japan with the
participation of 87 centres in 9 countries in Asia (Sun 2012; Mok et al. 2009).
This study was the result of previous research suggesting that Asian popula-
tions have a different, more positive response to this cancer drug, than do
other populations.

The segue to forensics and criminal justice and ‘molecular race’

There is a yet more ominous and troubling element of the reliance upon
DNA analysis to determine who we are in terms of lineage, identity, and
identification. The very technology that purports to tells us what proportion
of our ancestry can be linked, proportionately, to sub-Saharan Africa is the
same being offered to police stations across the USA to ‘predict’ or ‘esti-
mate’ whether the DNA left at a crime scene belongs to a white or black
person. As with research of health disparities, this ‘ethnic estimation’ using
DNA relies on a social definition of the phenotype, that is, the observable
physical or biochemical characteristics of an organism, determined by both
genetic makeup and environmental influences. As noted above, any molecu-
lar, population, or behavioural geneticist who uses the term ‘per cent Euro-
pean’ or ‘per cent Native American’ is obliged to disclose that the measuring
point of ‘purity’ (100 per cent) is a statistical artifact that begins not with the
DNA, but with a researcher’s adopting the folk categories of race and eth-
nicity, then determining if all four grand-parents of the subject originated in
the same continent-of-origin as the basis for including the subject in the
database.
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Racial and ethnic markers in forensic DNA - and molecular photo-fitting

In the July 8§, 1995 issue of the New Scientist entitled, ‘Genes in Black and
White’, some extraordinary claims were made about what it is possible to learn
about socially defined categories of race from reviewing information gathered
using new molecular genetic technology. In 1993, a British forensic scientist
published what is perhaps the first DNA test explicitly acknowledged to
provide ‘intelligence information’ along ‘ethnic’ lines for ‘investigators of
unsolved crimes’. Ian Evett, of the Home Office’s forensic science laboratory
in Birmingham, and his colleagues in the Metropolitan Police, claimed that
their DNA test can distinguish between ‘Caucasians’ and ‘Afro-Caribbeans’ in
the vast majority of cases.

Evett’s work (Evett et al. 1993), published in the Journal of Forensic Science
Society,drew on apparent genetic differences in three sections of human DNA.
Like most stretches of human DNA used for forensic typing, each of these
three regions differs widely from person to person, irrespective of race. But by
looking at all three, the researchers claimed that under select circumstances it
is possible to estimate the probability that someone belongs to a particular
racial group. The implications of this for determining, for practical purposes,
who is and who is not ‘officially’ a member of some racial or ethnic category
are profound.

The legal and social uses of these technologies are already in use, and here
are some examples: In the early 1980s several states in the USA began keeping
DNA database files for sexual offenders. Three factors converged to make this
a popular decision by criminal justice officials that would be backed by poli-
ticians and the public because: 1) sex offenders are those most likely to leave
body tissue and fluids at the crime scene, 2) they rank among the most likely
repeat offenders, and 3) their crimes are often particularly reprehensible in
that they violate persons, from rape to molestation and abuse of the young and
most vulnerable. Today, all fifty states in the USA store DNA samples of sex
offenders, and most states do the same for convicted murderers. But by 2006
thirty-four states were storing DNA samples of all felons (Krimsky and
Simoncelli 2011).

On January 5, 2006, the President of the USA signed into law HR 3402, the
Department of Justice Reauthorization bill of the Violence Against Women
Act of 2005. This legislation for the first time permits state and federal law
enforcement officials the right to transfer DNA profiles of those merely
arrested for federal crimes into the federal Combined DNA Index System
(CODIS) database. Previously, only convicted felons could be included. Those
DNA profiles will remain in the database unless and until those who are
exonerated or never charged with the crime request that their DNA be
expunged. Thus the default will be to store these profiles, and expunging
requires the proactive agency (and resources) of those arrested.
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But there is reason to be wary of these developments and vigilant about the
uses of expanding DNA databases. Criminologists and statisticians have pro-
vided enough convincing evidence that reliability may be a systemic issue with
regard to ‘exact matches’, leading to false ‘hits’ with traditional approaches
(Thompson 2008). As for the possibility of using full DNA samples for forensic
research, attempts to determine physical features, such as skin colour, hair
texture, and eye pigment, have already been made (Fullwiley 2014, 2008).
These techniques, commonly referred to as ‘molecular photo-fitting’, rely on
‘admixture estimates’ discussed earlier, and are rife with reliability issues
despite their veneer of exact precision with regard to continental genetic
affinity, or, put bluntly, racial diagnosis. This kind of categorizing of subjects
and patients is occurring in medical and health journals, often with the idea
that pharmaceuticals could be tailored to patients based on putative notions of
their ancestral genetic ‘admixture’. Researchers are also finding new ways to
identify genetic variants related to ‘admixed’ populations that they believe
may be ‘linked’ to variable complex disease conditions, such as end-stage renal
disease (Kao et al 2008). Selected areas of the genome are designated to be
ancestrally more typically African or European with very little attention to the
complex set of historical events (migration, wars and conquest) that have
shaped and reshaped determinations of putative purity.

There is a recurring theme in the biosciences, a tendency to admit that
previous eras of scientific work was flawed because it was immersed in the
social and political issues of a bygone era. At the end of the nineteenth century,
scientists were able to distance themselves from the pro-slavery arguments of
their predecessors who published scholarly articles showing how and why
black’s lung capacity made them suitable for slavery (Braun 2014). These were
the eugenicists — but by mid-twentieth century, it was possible for the bio-
sciences to disavow eugenics as flawed or bad science. Every era tends to assert
that its science somehow levitates above the social, economic, political forces
of the day — and is free from such immersion:

The fact that an idea has been misused does not mean it should be forgotten
or that it was wrong. It is vitally important to realize that horrific though
these atrocities were, they were not based on science. They were based on
the prejudices and psychopathic policies of people in power who decided to
misquote science to an uneducated public to fulfill their own immoral
agendas . . . it was the public’s ignorance of the true facts that allowed such
people to use these misrepresentations as weapons. (Italics in original).
Anderson (2007: 5)

But Charles Davenport, an ardent proponent of eugenics, was one of the
leading geneticists of his era, and the director of Cold Springs Harbor
Laboratory. Eugenics was only called pseudo-science in hind-sight, 30-50
years later (Kevles 1985)! And so I am confidently predicting that in the year
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2064, at the annual meetings of the American Association for the Advance-
ment of Science, many will acknowledge that way back in the first part of the
twenty-first century scientists were caught in the social fabric of their era,
often inadvertently deeply mired in the prevailing ideas of racial admixture
as the natural order. They will certainly admit that, ‘way back then, half a
century ago’ big pharmaceutical companies shaped the direction of much
of scientific research. They will point to the role of heavy investments in
these companies, the push to understand the high rate of diabetes among
the Pima as explained by their genetic make-up, of their proportional
admixture.

As funding for research to address health disparities moves in the direc-
tion of the biological or genetic emphasis (as with diabetes and the Pima), or
even to gene-environment interaction long-term studies, social scientists
have three major choices. The first is to stand along the side-lines and con-
tinue to cite the mantra that race and ethnicity are socially constructed.
While demonstrably true, that truth is overwhelmed by the megaphone of
advancing, under-theorized admixture research and increasingly taken-for-
granted scientized components (of 100 per cent statistical purity) undergird-
ing admixture. The second choice is to accept new molecular reinscription of
race and join in joint projects — uncritical and without examining the domain
assumptions that have ‘hardened’ and gelled. The third choice is the one that
I strongly recommend — namely, that social analysts go to the site of the
production of knowledge, and closely examine the procedures, the domain
assumptions of how race is being used in human molecular genetics, examine
how heavily these assumptions are located in social, historical, and folk cat-
egories but are then transmogrified into the language of science and
anointed with an imprimatur of legitimacy. Social scientists do have a few
good models of how to better engage and re-balance the debates about the
proper role of race in science, medicine and law. We need look no further
than the works of TallBear (2013) and Fullwiley (2007; 2008), each of whom
has dissected the domain assumptions behind Ancestry Informative Markers;
or of Bolnick (2008), who has examined and critiqued the social assumptions
behind the use of the computer program Structure; or Fujimura and
Rajagopalan (2011) who have dissected the algorithms of the
EIGENSTRAT technology. Here is an example of the important findings
from this kind of investigative ethnography:

.. .on the construction and implementation of EIGENSTRAT, a population
genetics software technology. We illustrate how some biomedical research-
ers use EIGENSTRAT to avoid emphasizing populations in their search for
disease-related DNA and certainly to avoid the use of race. We also show,
however, how other researchers using EIGENSTRAT find it difficult to give
up on geographically ‘locating’” DNA and designating populations; that is,
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they move from genetic similarity to genetic ancestry to genome geography.
(Fujimura and Rajagopalan 2011)

Each of these researchers has spent time in either the labs, or in careful
exegesis of the scaffolding of laboratory work, or a close re-analysis of
computer-based programs and algorithms. With these kinds of empirical inves-
tigations of the architecture of thought behind the advancing biologistic reduc-
tionism of human taxonomies, we will be far better equipped to have a serious
debate about the limitations and diversions that inhere in the molecular

reinscription of race and ethnicity.

(Date accepted: November 2014)
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Genes, Race, and Population: Avoiding a Collision of Categories

A wide array of federal
mandates have a profound
impact on the use of racial
and ethnic categories in bio-
medical research, clinical
practice, product develop-
ment, and health policy. Cur-
rent discussions over the ap-
propriate use of racial and
ethnic categories in biomed-
ical contexts have largely
focused on the practices of
individual researchers.

By contrast, our discussion
focuses on relations between
the daily practices of bio-
medical professionals and
federal regulatory mandates.
It draws upon the legal doc-
trine of equal protection to
move beyond such debates
and to propose guidelines
to address the structural
forces imposed by federal
regulations that mandate
how data about race and eth-
nicity are used in biomedical
research. It offers a frame-
work to manage the tension
involved in using existing fed-
erally mandated categories of
race and ethnicity alongside
new scientific findings about
human genetic variation. (Am
J Public Health. 2006,;96:1965—
1970. doi:10.2105/AJPH.2005.
067926)

| Jonathan Kahn, JD, PhD

CURRENT DISCUSSIONS ABOUT
the appropriate use of racial and
ethnic categories in biomedical
contexts have largely focused on
the practices of individual re-
searchers. Individual research,
however, takes place within
larger structural contexts that
shape how and when such cate-
gories get taken up, circulated,
and applied. In particular, more
consideration needs to be given
to the impact federal regulatory
mandates and incentives upon
how biomedical professionals use
racial and ethnic categories.
Prominent among these man-
dates are requirements to use the
social categories of race and eth-
nicity provided by the Office of
Management and Budget for the
collection of data for publicly
funded research. Use of such so-
cial categories are heading for a
collision with diverse categories
of population that are classified
in federally maintained genetic
data bases. As genetic informa-
tion becomes increasingly central
to an ever-widening array of bio-
medical enterprises, the danger
of improperly confusing or con-
flating social categories of race
and ethnicity with genetic cate-
gories of population rises accord-
ingly. Drawing analogies to the
legal doctrine of equal protec-
tion, we offer a preliminary
framework to begin discussion
on how best to manage or avoid
such collisions.

RACE AND ETHNICITY IN
BIOMEDICINE

The recent Food and Drug
Administration (FDA) approval of
the drug BiDil with a race-specific
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indication to treat heart failure
only in African Americans has
brought to the fore a host of is-
sues related to the use of racial
and ethnic categories in biomed-
ical research and drug develop-
ment.' Because the BiDil applica-
tion was premised on the activity
of the drug at the molecular level
in the trial subjects, the FDA ap-
proval has, in effect, given the
imprimatur of the federal govern-
ment to the use of race as a bio-
logical category.” Tronically, the
FDA approval was based on a
trial—the African-American
Heart Failure Trial (A-HeFT)—
that enrolled only self-identified
African Americans. The results
of this single-race design there-
fore precluded the investigators
from making any claims regard-
ing whether BiDil works differ-
ently in self-identified African
Americans than in anyone else.?
The race-specific design of
the A-HeFT trial is inextricably
linked to the fact that its spon-
sors obtained a race-specific
patent in 2000 for the use of
BiDil in African Americans.”
In granting the patent, the US
Patent and Trademark Office
provided an additional federal
stamp of approval on the implicit
use of race as a biological cate-
gory. The federally granted
patent also provided a powerful
commercial incentive for the
race-specific design of A-HeFT.?
The story of BiDil is significant
because it marks the first race-
specific application to the FDA.
More broadly, it brings into high
relief a powerful dynamic whereby
federal regulatory incentives and
directives promote the increasing
use of racial and ethnic categories

in a biomedical context. In the
case of efforts to address well-
documented disparities in health
outcomes, such use, although
complicated, does not necessar-
ily imply a biological or genetic
difference between races.” In the
context of seeking the causal mo-
lecular basis for certain diseases,
as in much drug development,
the use of racial and ethnic cate-
gories as surrogates for genetic
markers presents more problem-
atic issues. Some researchers be-
lieve correlations between racial/
ethnic and genetic categories can
serve as useful research tools®”;
others contest the rigor and util-
ity of such purported correla-
tions, arguing that they risk natu-
ralizing race and ethnicity as
somehow genetic.*'° When fed-
eral approval is sought for such
uses, the power of the state be-
comes implicated in marking
racial or ethnic differences as
genetic.

Over the past several years,
recurring controversies have
arisen among scientists and bio-
medical professionals regarding
the nature of the relation, if any,
between genes and race."! A
host of articles has been pub-
lished in the attempt to help bio-
medical researchers clarify their
use of the concepts of race and
ethnicity in general®*"; some
specifically relate to genetically
based concepts of popula-
tion."*™*® Several biomedical
journals have published policy
statements or guidelines con-
cerning the use of racial and eth-
nic categories.”” " These articles
and related debates over how,
when, or whether to use race
and ethnicity in biomedical
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research are targeted at the prac-
tices of researchers themselves.
To date, however, such articles
have largely overlooked the fact
that research practices involving
the use of racial and ethnic cate-
gories are profoundly shaped by
federal regulatory incentives and
guidelines. Thus, before proceed-
ing with further debate about
their own scientific practices, bio-
medical researchers and clini-
cians need to consider more fully
and systematically the role of the
federal government in shaping
such practices. The recent prolif-
eration of biomedical research
that uses race and ethnicity as
variables did not spontaneously
emerge from a sudden discovery
of their relevance. Rather, from
funding requests to drug ap-
proval and market protection,
specific federal initiatives man-
dating the use of such categories
have played a critical role in pro-
moting their inclusion as vari-
ables in biomedical research.

FEDERAL MANDATES

Prominent among these fed-
eral mandates are the National
Institutes of Health (NTH) Revi-
talization Act of 1993, which di-
rected the NIH to develop guide-
lines for including women and
minorities in NIH-sponsored
clinical research,?° and the Food
and Drug Modernization Act of
1997, which directed the FDA
to examine issues related to the
inclusion of racial and ethnic
groups in clinical trials of new
drugs.*! Pursuant to these man-
dates, the NIH and FDA have
issued detailed guidelines and
guidance mandating certain pro-
cedures and practices concerning
the inclusion of ethnic and racial
minorities in clinical trials.?*?*

Thus, for example, the NIH
“Policy on Reporting Race and
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Ethnicity Data” states, inter alia,
that the “NIH requires all grants,
contracts, and intramural proj-
ects conducting clinical research
to address the Inclusion of
Women and Minorities. . . . In-
vestigators are instructed to pro-
vide plans for the total number
of subjects proposed for the
study and to provide the distri-
bution by ethnic/racial cate-
gories and sex/gender.”** Simi-
larly, the FDA recommended
that individuals or corporations
submitting drug approval appli-
cations “collect race and ethnic-
ity data for clinical study partici-
pants.”®® These mandates
impose significant requirements
and provide incentives to iden-
tify and collect research data ac-
cording to categories of race and
ethnicity.

The federally mandated racial
and ethnic categories, however,
are not biomedical in origin.
Rather, they derive from the
1997 “Revisions to the Standards
for the Classification of Federal
Data on Race and Ethnicity”
published by the Office of Man-
agement and Budget (OMB).®
These standards set forth 5 mini-
mum categories for data on race:
American Indian or Alaska Na-
tive, Asian, Black or African
American, Native Hawaiian or
Other Pacific Islander, and
White. There are 2 categories for
data on ethnicity: Hispanic or La-
tino and Not Hispanic or Latino.
These categories provide the
basis for the classification of all
federal data on race and ethnic-
ity, most notably, the census.

The OMB standards, however,
contain an important caveat:
“The racial and ethnic categories
set forth in the standards should
not be interpreted as being pri-
marily biological or genetic in
reference.”*® These categories
were developed to serve social,
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cultural, and political purposes.
When the federal government
requires biomedical researchers
and clinicians to import these
social categories into explicitly
biological or genetic contexts, it
is creating a structural situation
in which social categories of race
and ethnicity may easily become
confused and may be conflated
with biological and genetic cate-
gories in day-to-day practice.

GENETIC DATABASES

Since the advent of the feder-
ally sponsored Human Genome
Project in 1990, increasing
knowledge of genetics has been
transforming biomedical re-
search. This research, however,
often involves protocols that have
been designed in response to fed-
eral mandates to incorporate the
social categories of race and eth-
nicity defined by the OMB. The
protocols compel researchers and
clinicians to juggle genetic cate-
gories alongside racial and ethnic
categories in the same concep-
tual and physical space. This cre-
ates a situation that facilitates
and even promotes the conflation
of genetic categories of popula-
tion with social categories of
race and ethnicity—it is an acci-
dent waiting to happen.

Already existing federally sup-
ported genetic databases add to
the confusion through their own
problematic uses of racial and
ethnic categories. Thus, for ex-
ample, the National Institute of
General Medical Science/Coriell
Cell Repository maintains a
Human Variation Collection of
genetic samples organized into
the following broad categories:
North America/Caribbean, South
America, Europe, Asia/Pacific,
Africa, and Middle East. Within
these broad categories, subdivi-
sions are made with diverse and

potentially inconsistent classifica-
tions that include White, Basque,
Mexican American Community
of Los Angeles, Southeast Asians
(excluding Japanese and Chi-
nese), Quechua—South Central
Andes of Peru, Africans South
of the Sahara, Ashkenazi Jews,
Czechoslovakian, and Northern
European.

Implicated in these various
categories are sometimes-
overlapping concepts of ethnicity,
race, continental geography, re-
gional geography, geopolitical
nation-states, urban ethnic com-
munities, religion, geographic
isolation, and endogamous indig-
enous populations.?” (The contin-
gency of the Czechoslovakian
category is particularly notable,
because there is no longer a
geopolitical entity known as
Czechoslovakia.) The National
Center for Biotechnology Infor-
mation maintains a separate
database of genetic information
known as dbSNP, which similarly
organizes its data into population
classes that mix geography, na-
tionality, race, and ethnicity.*®

A major new federal initia-
tive, the International Haplo-
type Map Project,**>° promises
to exacerbate this problem. The
project has devoted more than
$100 million to charting blocks
of genetic variation in the
human genome.* This other-
wise-laudable effort, intended to
help researchers identify genetic
variations related to health and
disease, may inadvertently be
opening the door to further con-
fusion of racial and ethnic cate-
gories with genetic groupings.
The initial phase of the project
has been structured around 270
tissue samples taken from
Yorubas in Nigeria, Japanese,
Han Chinese, and individuals of
western and northern European
descent in the United States.
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The resulting blocks of variation
are being identified with their
source population.** The popu-
lation groups are already being
characterized as representative
of the broad continental popula-
tion groups of Africa, Asia, and
Europe.®* The stated rationale
is that although “most of the
common haplotypes occur in all
human populations . . . their fre-
quencies differ among popula-
tions. Therefore, data from sev-
eral populations are needed to
choose tag SNPs [single nu-
cleotide polymorphisms].”**
One can readily see how such
genetic categories are ripe for
conflation with the social/bu-
reaucratic categories of race
and ethnicity promulgated by
the OMB.

As population-identified ge-
netic information increasingly
comes online for use from the
Haplotype Map Project and other
federally maintained databases,
the need to provide a structuring
mechanism to keep genetic cate-
gories in a socially responsible
and scientifically appropriate re-
lation to social categories of race
and ethnicity will become ever
more pressing.

INTRODUCING AN EQUAL
PROTECTION MODEL

The various attempts to pro-
vide guidance to researchers on
how, when, and whether to use
race and ethnicity in their work
are important, but they are not
enough. Researchers can and
should be able to decide how
they choose to pursue their par-
ticular research agendas. But for
years now, researchers and clini-
cians have been working under
a variety of federal mandates
that influence how, when, and
whether they use racial and eth-
nic categories in their work. The
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time has come to examine those
mandates and focus on them—
rather than on the researchers
and clinicians—as targets for
constructive intervention.

Previous attempts to articulate
best practices for using racial and
ethnic categories in biomedical
research and clinical practice
have largely involved discussions
among social scientists, natural
scientists, and medical profes-
sionals about how best to charac-
terize and manage the social and
scientific meaning of these cate-
gories. Largely absent from
these considerations, however,
has been an alternative approach
with a long tradition of assessing
how best to characterize and
manage such classifications in a
regulatory context: equal protec-
tion law.

Equal protection doctrine de-
rives from the 14th Amendment
to the US Constitution, which de-
clares that “no State shall make
or enforce any law which shall
deny to any person within its ju-
risdiction the equal protection of
the laws.” Equal protection doc-
trine is used to evaluate state-
mandated use of racial categories
in areas such as school desegre-
gation and affirmative action. Al-
though this doctrine is not neces-
sarily directly applicable to the
context of federal practice guide-
lines or regulatory approvals,®***
over the decades, courts and legal
commentators have devoted con-
siderable attention to developing
guidelines and standards to assess
and evaluate how racial and eth-
nic categories may be used ap-
propriately to achieve specific
goals. Under equal protection
doctrine, race is considered to be
a suspect classification because of
a US history of racial oppression
and the structural vulnerability of
racial minority groups. Therefore,
the state must justify the use of a
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racial classification by demon-
strating that the classification is
“narrowly tailored to serve a
compelling state interest.”>> This
is called strict scrutiny. It requires
a tight fit between the classifica-
tion and the purpose or interest it
serves to force out potentially in-
vidious motivations behind the
use of race in law.

Concepts from equal protec-
tion analysis may be adapted to
a biomedical context through
comparison with biomedical ana-
logues already in use in federal
regulation of racial and ethnic
classifications in research and
clinical practice. Thus, for exam-
ple, NIH guidelines for grant ap-
plicants and contract solicitations
already require the inclusion of
“a description of plans to conduct
analyses to detect significant dif-
ferences in intervention effect by
sex/gender, racial/ethnic groups,
and relevant subpopulations, if
applicable [italics added].”*® The
guidelines go on to define signifi-
cant difference as “a difference
that is of clinical or public health
importance, based on substantial
scientific data [italics added].”*
Similarly, the guidelines require
such submissions to “include a
description of plans to conduct
valid analysis by sex/gender,
racial/ethnic groups, and rele-
vant subpopulations, if applicable
[italics added].”*®

Significant difference and
valid analysis, like the equal pro-
tection standard of “narrow tai-
loring to serve a compelling
state interest,” involve terms of
art that have been used con-
structively to manage racial and
ethnic categories in diverse con-
texts. They have been defined
over time and applied through
an accretion of understanding,
practice, and interpretation
developed by the relevant
professional communities. The

model of equal protection analy-
sis can be adapted to a biomed-
ical context by using analogous
concepts such as significant dif-
ference and valid analysis to
evaluate the rigor and legiti-
macy of uses of racial/ethnic
classifications in relation to
genetics.

Equal protection doctrine thus
provides a useful model for de-
veloping guidelines to improve
already existing and pervasive
federal mandates governing the
management of race and ethnic-
ity in regulatory contexts. In
addition to exposing possible
invidious motives, heightened
scrutiny can bring to light well-
intentioned but careless or in-
consistent use of racial and eth-
nic classifications.

To this end, I offer the follow-
ing preliminary recommenda-
tions to consider in revising rele-
vant federal mandates to address
the use of race and ethnicity in
biomedical research and clinical
practice. They are organized se-
quentially to parallel a general
research plan of project concep-
tualization, design, and imple-
mentation. These recommenda-
tions might be thought of as a
regulatory analogue to the sort
of guidelines on the use of racial
and ethnic categories currently
being considered and adopted by
some biomedical and scientific
journals. They attempt to adapt
or transpose the conceptual ap-
paratus of equal protection law
into the domain of biomedical
research and clinical practice.

I hope that they will provide the
groundwork for further discus-
sion of how federal mandates
might be revised to help biomed-
ical professionals keep genetic
categories of population and
social categories of race and eth-
nicity in a constructive relation
to one another.
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RECOMMENDATIONS

Federal regulations, mandates,
guidelines, or other similar direc-
tives relating to federal funding,
regulatory approval, or intellec-
tual property protection for bio-
medical research and related
products should be revised to re-
quire applications and related
documents submitted to federal
agencies that use or make claims
on the basis of racial or ethnic cat-
egories to include the following:

Definitions

Population. Require a clear
definition of the source of any
population category being used,
its scope, and its limits. Specify
whether or to what extent shared
biology or genetics is presumed
to underlie the population classi-
fication chosen and the degree
to which the classification also
implicates nonbiological values
(e.g., nationality, race/ethnicity,
religion, mere proximity).

Race/ethnicity. Require a clear
recognition of the requirements
of the OMB revised standards re-
garding the selection and use of
racial/ethnic categories and an
explicit statement of the social
basis of those categories. This
may take the form of including
the OMB caveat: “The racial and
ethnic categories set forth in the
standards should not be inter-
preted as being primarily biologi-
cal or genetic in reference.”

Rationale. The OMB revised
standards establish basic cate-
gories of race and ethnicity, but
they do not dictate specifically
how those categories are to be
used or interpreted in different
contexts. Thus, in practice these
categories are often merely start-
ing points and are often elabo-
rated upon and modified. The
requirement of definition allows
researchers and clinicians to
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adapt these categories to their
own particular needs. It also en-
sures that from the outset such
adaptation does not involve an
inadvertent or inappropriate con-
flation of social categories of race
and ethnicity with genetic popu-
lation groupings.

Articulation

Population. Require articula-
tion of the rationale for the par-
ticular population grouping(s)
being used. Require articulation
of the relation between the ac-
tual sample being used and the
population category in which it
is being placed. Specifically re-
quire articulation of the nature
or degree of representativeness
being asserted for the sample
in relation to the population cate-
gory chosen.

For genetically defined popula-
tion categories, require clarifica-
tion of the justification for any
concurrent use of nonbiological
values, such as geopolitical
nation-state boundaries or cul-
tural groupings, to specify the
location of descent populations.
Nation-states may used to de-
scribe geographic regions of the
world from which certain popula-
tions recently descended, but
such correlations must be justi-
fied and refined to clarify discon-
tinuities between the nation-state
boundaries and relevant geo-
graphic regions.

Race/ethnicity. Require articu-
lation of and justification for any
relation asserted between any
population-based genetic cate-
gories and any racial/ethnic cate-
gories. In particular, where ap-
propriate, require articulation of
whether race is being used as a
risk factor or as a risk marker for
a particular biomedical condition.

Rationale. The federal man-
dates create a powerful incen-
tive for using racial and ethnic
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groupings to structure data and
research or trial design. Once
population groups and racial/
ethnic groups are defined, it is
important to require a clear
articulation of how and why
such categories are used in the
trial or research project.

Particular problems may arise
where a relatively small sample
size comes to stand as a proxy
for successively larger groups.
Thus, for example, the Haplotype
Map Project sample of 45 Han
Chinese in Beijing (a geographi-
cally situated ethnic group) may
come to stand for all Chinese
people (a historical geopolitical
group) and then for all Asians
(a continental group). Indeed, this
has already occurred: the Inter-
national Haplotype Map Project
Consortium itself has referred to
these samples as simply being
from a part of Asia.3° This type
of sequential expansion of corre-
lation should be explicitly justi-
fied at each step.

Tight Fit

Correlation. Require a tight fit
(a) between the population,
racial/ethnic, and genetic cate-
gories being used and (b) be-
tween the genetic category iden-
tified and the disease state/
health issue or other biological
activity being analyzed.

The tightness of the fit may be
assessed by considering whether
the relation is based (a) on a sig-
nificant difference (or identity)
between the racial/ethnic and ge-
netic categories used and (b) on a
valid analysis that connects both
the relevant genetic category and
its racial/ethnic correlate to the
identified disease state or other
biomedical condition.

Where race or ethnicity is
being used as a risk factor, re-
quire a tight fit between the as-
pect of race or ethnicity identified

as a risk factor and causal aspects
of the condition.

Where race is being used as
a risk marker, require an explicit
articulation of the nature of the
correlation asserted between the
marker and the identified condi-
tion. Require the specification
that such a correlation does not
speak to underlying causal as-
pects of the condition.

Rationale. One of the most im-
posing challenges in using racial
and ethnic categories in biomed-
ical contexts is preventing a sort
of conceptual slippage that oc-
curs through the elaboration of
excessively attenuated relations
between racial and ethnic cate-
gories and purported biological
and genetic correlates. Harking
back to the example of the 45
Han Chinese who come to stand
for all of Asia, imagine further
that this group of 45 is identified
as having a particular frequency
of a specific genetic marker that
correlates with a higher likeli-
hood of having a particular ge-
netic variation, which in turn fur-
ther correlates with a higher
likelihood of contracting a partic-
ular disease at some unspecified
time in the future. This disease,
in turn, may have multiple
causes and be manifested in vari-
ous forms with differing degrees
of severity. This attenuated corre-
lation becomes even more prob-
lematic when one realizes that
the initial OMB-defined category
of race itself is not tightly
bounded in a social context but
involves the use of proxy mark-
ers and historically contingent
conceptions of racial identity
that have changed substantially
over time.>’

It should also be noted that
when differential health out-
comes are being studied, the fit
between racial/ethnic categories
and biology will tend naturally
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to be very tight. For example, in
health-disparities research on the
biomedical impact of differential
access to medical care among
specified African American,
Hispanic, Asian, or White popu-
lations, the fit between racial/
ethnic categories and the biologi-
cal health outcomes would be
one of almost perfect identity.

Issues of fit will become more
central in assessing projects that
use race and ethnicity as proxies
to uncover purported underlying
genetic causes of disease.

Purpose

Social significance. Require a
substantial health or scientific in-
terest to be furthered by the use
of racial or ethnic categorization
in this context.

Rationale. The diverse federal
mandates requiring the organiza-
tion of data by race and ethnicity
create an incentive to use the
data thereby produced—whether
or not they are directly relevant
to the project at hand. Requiring
the furtherance of a substantial
health or scientific interest en-
sures that correlations between
racial and ethnic categories and
genetic categories will not be as-
serted post hoc with minimal jus-
tification. The standard of sub-
stantial interest is somewhat less
rigorous than the compelling in-
terest required under equal pro-
tection law. The rationale here is
to recognize that biomedical re-
search and clinical practice gen-
erally use racial and ethnic classi-
fications for benign purposes.

Maintenance

Consistency. These require-
ments must be met for each use
of racial and ethnic categories
throughout the relevant project
or practice.

Rationale. This is another de-
terrent to slippage. One common
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pitfall of existing approaches to
using racial and ethnic categories
in biomedical contexts is that
researchers and clinicians may
issue a sort of general disclaimer
up front about race and ethnicity
being social categories but then
proceed through the rest of the
project to treat them as, in effect,
primarily biological or genetic.

Caveat

Exceptions. If a researcher is
unable to meet these require-
ments because of an inability to
disentangle what are perceived to
be complexly intertwined social/
genetic/biological variables or
categories, the application and
related documents may still be
submitted to the relevant federal
agency if the researcher provides
an explanation and prominently
incorporates the OMB caveat that
“the racial and ethnic categories
set forth in the standards [or ap-
plication] should not be inter-
preted as being primarily biologi-
cal or genetic in reference.”*°

Rationale. As a practical matter,
individual researchers may find it
difficult, given the design or nature
of their projects, to break racial/
ethnic and genetic population
categories into their social, genetic,
and nongenetic biological compo-
nents. This is a major undertaking,
but it is also necessary. These
guidelines provide incentives to
work out these issues, whereas
the caveat allows researchers to
proceed with their projects in a
more deliberate manner while
this difficult work progresses.

CONCLUSIONS

These recommendations are
primarily procedural in nature.
They preserve scientific auton-
omy and allow researchers and
clinicians to define and act on
their own conceptions of the rel-
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evance of the OMB categories of
race and ethnicity to their own
work. They would apply only to
applications and other related
documents submitted to the fed-
eral government.

Race and ethnicity are power-
ful categories. They have impor-
tant roles to play in understand-
ing a wide array of health-related
phenomena. They must, how-
ever, be used with care. There
are significant differences be-
tween using such categories to
identify disparities in health out-
comes and using them as proxies
to try to identify underlying ge-
netic causes of disease. I hope
that these guidelines will pro-
mote more consistent and scien-
tifically rigorous articulation, clar-
ification, and application of these
categories when applications and
related documents are submitted
to relevant federal agencies. W
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