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Human genetics studies that assess the contributions of genes to pheno-
types can be conducted either using relatives or groups of distantly related 
individuals (“unrelated” in a colloquial sense). In both instances, geneticists 
search for a pattern of genetic (sequence or allelic) variation that can distin-
guish between different forms of a phenotype, say, individuals with sickle 
cell anemia from those with sickle cell trait, based on the known rules of 
Mendelian genetic transmission. Although the expected similarity or dis-
similarity of closely related individuals largely depends on gene transmis-
sion rules, that between more distantly related individuals mostly depends 
on their remote ancestral histories, such as where, when, and how their 
common ancestors arose. This information is partially captured by affilia-
tion of an individual to a population; however, how a population should 
be defined for any specific question in genetics research is less clear. Never-
theless, for any human genetics research, now extended to entire genomes, 
it is critical to clearly describe who is selected for a study, why, and how. 
Researchers also need to specify the criteria used to describe participants, 
including the use of population descriptors. Unfortunately, genetics studies 
have not named individuals consistently or in a principled manner, often 
reflexively using race and ethnicity without great thought or justification. 
Though seldom studied, measures of the environments associated with 
study individuals and groups are also germane to our understanding of 
genetic traits and disorders and need to be included. 

In recent years, genetic information has become far more accessible. 
The number of human genetics and genomics studies is rapidly increasing, 
and many such studies are led by investigators who were not primarily 

Preface
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xviii PREFACE

trained in human genetics. While this study focuses mainly on knowl-
edge from human genetics and genomics, we acknowledge that knowledge 
from many other sources (oral, archaeological, traditional, community, etc.) 
serves to inform our identities, history, relationships to other humans, and 
our traits and diseases. It is time for us to reshape how genetics studies are 
conceptualized, conducted, and interpreted.

This commissioned study describes an effort to clarify the scientific ra-
tionales for describing research participants and their group labels. We start 
with a historical view of how we got to our current state, then proceed to 
examine how else we could achieve our scientific aims, and follow with our 
recommendations and suggested implementations to improve genetic and 
genomic science. Our overarching goal is to motivate researchers to con-
sider when population descriptors are necessary, which ones are appropriate 
for a specific type of genetics study design, whether multiple descriptors are 
necessary, and what additional information is needed for genetic dissection 
of phenotypes. Accordingly, this report is divided into two sections; the first 
is “Past and Current Use of Population Descriptors,” and the second section 
is “Recommendations.” 

Aravinda Chakravarti and Charmaine Royal, 
Cochairs, Committee on the Use of Race, Ethnicity, and  

Ancestry as Population Descriptors in Genomics Research 
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1

Summary1

Genetics is the study of heredity, specifically the mechanisms by which 
traits or characteristics are transmitted from one generation to the next. 
Because it is applicable to many areas of human life, genetics garners wide 
interest. Researchers use human genetic information to address a variety 
of questions about human history and evolution, human biology, diseases, 
and heritable traits (e.g., height or serum cholesterol). Researchers have 
frequently used population descriptors as a shorthand for capturing the 
continuous and complex patterns of human genetic variation resulting from 
history, migration, and evolution. Of particular concern is the long-standing 
use of race, and more recently ethnicity, as this shorthand. In humans, race 
is a socially constructed designation, a misleading and harmful surrogate for 
population genetic differences, and has a long history of being incorrectly 
identified as the major genetic reason for phenotypic differences between 
groups. Rather, human genetic variation is the result of many forces—
historical, social, biological—and no single variable fully represents this 
complexity (see Chapter 1). The structure of genetic variation results from 
repeated human population mixing and movements across time, yet the 
misconception that human beings can be naturally divided into biologically 
distinguishable races has been extremely resilient and has become embed-
ded in scientific research, medical practice and technologies, and formal 
education. Many elements of racial thinking, including essentialism and 
biological determinism, have influenced modern thinking around human 
genetics, to the marginalization of some peoples and the benefit of others. 

1 References are not included in this report summary. Citations appear in subsequent report 
chapters.
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2 POPULATION DESCRIPTORS IN GENETICS AND GENOMICS RESEARCH

Derived from a person’s complete set of DNA, genomic information is 
increasingly easy and inexpensive to produce, and tools to analyze genetic 
information are widely available. Accordingly, genetic and genomic infor-
mation has become far more accessible, and research using human genetic 
data has grown exponentially over the last decade. The use of genetic 
information is now widespread across biomedical research, and genetics 
and genomics research is now conducted by a range of investigators across 
different disciplines, creating a need for clarity and providing an important 
opportunity to implement substantive changes to the ways population de-
scriptors are used. Clear guidance about the use of population descriptors 
is needed before mistakes of the past are integrated into this new era of 
genomics research. 

Race and racism have recently gained renewed attention from the U.S. 
scientific community. Recognition by the U.S. biomedical research com-
munity of the need to address the complex issue of population descrip-
tors in genetics research has never been greater. Although the history of 
prior attempts to address population descriptors in genetics and genomics 
research—and the lack of notable change—may create some skepticism 
about the usefulness of another report aiming to create best practices for 
this complex area, this is a crucial moment to offer concrete guidance to 
the research community.

STUDY CHARGE

The study sponsor, the National Institutes of Health (NIH), asked 
the National Academies to conduct a study to review and assess existing 
methodologies, benefits, and challenges in using race, ethnicity, ancestry, 
and other population descriptors in genomics research.2 The statement of 
task emphasizes the use of appropriate and valid population descriptors 
in genomics research, and focuses on understanding the current use of 
population descriptors in genomics research; examining best practices for 
researchers in the use of race, ethnicity, and ancestry as population descrip-
tors; and identifying how best practices in the use of population descriptors 
could be widely adopted within the biomedical and scientific communities 
to strengthen genetics and genomics research.3 To accomplish this task, the 

2 The full statement of task is presented in Chapter 1 along with a discussion of what was 
in and out of scope.

3 The statement of task also identified four areas that are beyond the scope of this commit-
tee’s recommendations: examining the use of race and ethnicity in clinical care; examining 
racism in science and genomics; examining the use of race and ethnicity in biomedical research 
generally (e.g., beyond genetics and genomics research); and providing policy recommenda-
tions to NIH and government agencies. See the section “What Is the Goal of This Report?” 
in Chapter 1 for more detail.
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National Academies empaneled a committee of 17 members with expertise 
in population genetics, human and clinical genetics, genetic epidemiology, 
statistical and computational genetics and genomics, anthropology, sociol-
ogy, social epidemiology, demography and population statistics, as well as 
historical, ethical, legal, and social implications research. Given the charge, 
researchers who use genetic and genomic data are the primary audience for 
the report, especially the more technical recommendations and best prac-
tices (Chapter 5). However, much of the report is intended for a broader 
audience (see Chapters 3, 4, and 6).

GUIDING PRINCIPLES FOR THE USE OF 
POPULATION DESCRIPTORS

Human populations can be described according to countless charac-
teristics: urban versus rural, for example, or smokers versus nonsmokers. 
The use of such descriptors as race, ethnicity, or ancestry, however, focuses 
on “descent-associated” groups—sets of individuals whose members are 
thought to share some characteristic that derives from their common ori-
gin (see Box S-1 for key terms). Importantly, the inclusion of population 
descriptors in genomics, and which specific ones to include, must be a de-
liberate decision because their use has high stakes for ensuring that research 
benefits society and mitigates against potential harm, such as race-based 
health inequities.

The committee considered a range of population descriptors, each re-
volving around a somewhat distinct feature of human difference and thus 
offering researchers a specific tool that is more appropriate for some uses 
than for others. Over the course of the committee’s work, the following 
population descriptors emerged as most relevant to the committee’s charge: 
ancestry, geography, ethnicity, indigeneity, and race/racialized groups. To 
support researchers making reasoned, deliberate choices in their selection 
of population descriptors, the description and discussion of each demon-
strate what these concepts of human difference can—or cannot—capture 
in genetics studies. 

Although some genetics studies have used descriptors like race as prox-
ies for genetic variation, some genetic epidemiologic studies rely on descrip-
tors like race as proxies for cultural beliefs and practices or for shared 
environments, in the absence of direct measurements of these latter contex-
tual factors. The environment is the complex of physical, social, chemical, 
and biotic factors that act upon a person or a community and also shape 
its form and survival. Social context, an attribute of environment, influ-
ences behavior and interacts dynamically with biology, including genet-
ics, throughout the life course to affect human health. Given that human 
genotypes are not randomly distributed across environmental conditions, 
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BOX S-1 
Key Terminology and Definitions

Ancestry: a person’s origin or descent, lineage, “roots,” or heritage, including 
kinship.

Environment: the complex of physical, social, cultural, chemical, and biotic fac-
tors that act upon a person.

Ethnicity: a sociopolitically constructed system for classifying human beings ac-
cording to claims of shared heritage often based on perceived cultural similarities 
(e.g., language, religion, beliefs); the system varies globally.

Genetic ancestry: the paths through an individual’s family tree by which they 
have inherited DNA from specific ancestors. Genetic ancestry can be thought of in 
terms of lines extending upwards in a family tree from an individual through their 
genetic ancestors. Shared genetic ancestry arises from having genetic ancestors 
in common (that is, overlapping lines of ancestry). In practice, shared genetic 
ancestry is typically inferred by some measure(s) of genetic similarity.

Genetic ancestry group: a set of individuals who share more similar genetic 
ancestries. In practice a genetic ancestry group is constituted based on some 
measure(s) of genetic similarity. Once a set is designated as a genetic ancestry 
group, its members are often assigned a geographic, ethnic, or other nongenetic 
label that is common among its members.

Genetic similarity: quantitative measure of the genetic resemblance between 
individuals that reflects the extent of shared genetic ancestry.

Group label: name given to a population that describes or classifies it according 
to the dimension along which it was identified. An example is French as the label 
for a group identified by its members’ possession of French nationality, where 
nationality is the population descriptor.

Population descriptor: a concept or classification scheme that categorizes people 
into groups (or “populations”) according to a perceived characteristic or dimension 
of interest. A few examples are race, ethnicity, and geographic location, although 
this is a non-exhaustive list.

Race: a sociopolitically constructed system for classifying and ranking human 
beings according to subjective beliefs about shared ancestry based on perceived 
innate biological similarities; the system varies globally.

See Appendix B for further comments, definitions, and citations.
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leading to correlations of genetic and environmental effects, and given the 
extensive evidence for gene-by-environment interactions in experimental 
organisms, the committee concluded that environmental factors should 
often be considered alongside population descriptors in genomics research.

Emerging from the mistakes of past and current use of population 
descriptors is an imperative to transform not only the use of these descrip-
tors but also the field of genomics research. For the recommendations that 
follow to successfully advance the appropriate use of population descrip-
tors in genetics and genomics research, they must be grounded in ethical 
and empirical principles that engender trust and drive trustworthiness of 
research. Accordingly, the committee developed a set of guiding principles 
that mutually reinforce one another and undergird the recommendations 
(see Figure S-1). The guiding principles are respect, beneficence, equity 
and justice, validity and reproducibility, and transparency and replicability 
(Chapter 3). 

In short, respect for individual and community preferences, norms, 
and values should inform approaches when determining what population 
descriptors to use in research. The principle of beneficence calls on research-
ers to assess how the selection of population descriptors may not only 
generate potential good but also potential harm and requires consideration 
of the effect of population descriptors on health equity. A commitment 
to equity and justice requires determining whether and how the selection 
and use of population descriptors will produce equitable benefit to avoid 
reinforcing existing inequities or introducing new ones. Upholding valid-
ity and reproducibility requires judicious evaluation of research objectives 
and assessment of the appropriateness and purpose of including population 
descriptors. Transparency and replicability include the obligation to pro-
vide a clear rationale for the selection and/or use of population descriptors 
and to explain decision-making processes in an open and accessible man-
ner to both other researchers and research participants, thus enhancing 
replicability.

Given the dynamic nature of research and the limitations of this report 
to fully capture the range of possible use cases in future genetics and genom-
ics research, the guiding principles also provide a foundation and common 
vocabulary for researchers and other relevant parties to engage in future de-
cision making for contexts that may not be addressed directly in this report.

RECOMMENDATIONS FOR THE USE OF POPULATION 
DESCRIPTORS IN GENETICS AND GENOMICS RESEARCH

Researchers in human genetics and genomics have often struggled with 
a lack of clear, specific guidance concerning the use of population descrip-
tors. The committee’s recommendations are intended to operationalize the 
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FIGURE S-1 A framework for change. Guiding principles (Chapter 3) undergird the 
subsequent recommendations, which fall into three categories: requisites for trans-
forming the use of population descriptors in human genomics research (Chapter 4), 
guidance for researchers conducting different types of genomics studies (Chapter 
5), and implementation that includes relevant parties supporting researchers and 
promoting change throughout the genomics research ecosystem (Chapter 6).
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guiding principles with specific practices and procedures to aid researchers. 
These principles and recommendations offer a starting point for greater 
harmonization of the uses of population descriptors in genomics research 
worldwide, without, however, calling for a rigidly standardized approach. 
The committee does not recommend a standardized nomenclature or typol-
ogy of population groups, either globally or in the United States alone. The 
principles and recommendations are intended to provide the basis for a 
shared approach to grappling with the myriad potential uses of population 
descriptors in human genomics research worldwide. The recommendations 
focus on areas that the committee identified as necessary for achieving 
change, including employing strategies to improve research study design, 
promoting transparency, tailoring the use of population descriptors for the 
purpose of a study, and ensuring that researchers have the support needed 
to implement the recommended best practices. 
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Requisites for Sustained Change

The committee identified three overarching approaches that are para-
mount to the long-term success of any effort to resolve the challenging 
problems surrounding the use of population descriptors in genetics and 
genomics research: avoiding typological thinking, including environmental 
factors in study design, and engaging communities. Although not new, these 
topics warrant increased attention because confronting these challenges 
could serve as the necessary foundation to catalyze progress.

Avoiding Typological Thinking

Erroneous categorical assumptions can be scientifically and ethically 
detrimental, particularly when applied to studies of human history, identity, 
variation, and traits or diseases. There is a pervasive misconception that 
humans can be grouped into discrete, innate biological categories. The com-
mittee cautions against the use of typological categories, such as the racial 
and ethnic categories established by the U.S. Office of Management and 
Budget in Statistical Directive 15, for most purposes in human genomics 
research. While the use of these categories may be required of researchers 
under certain circumstances (for example, in describing participants in 
studies receiving federal funding), the fundamentally sociopolitical origins 
of these categories make them a poor fit for capturing human biological 
diversity and as analytical tools in human genomics research. Furthermore, 
use of these categories reinforces misconceptions about differences caused 
by social inequities. Current practices in human genetics, including the use 
of descriptors such as continental ancestry, also reinforce these views. 

Recommendation 1. Researchers should not use race as a proxy for 
human genetic variation. In particular, researchers should not assign 
genetic ancestry group labels to individuals or sets of individuals based 
on their race, whether self-identified or not. 

Recommendation 2. When grouping people in studies of human genetic 
variation, researchers should avoid typological thinking, including the 
assumption and implication of hierarchy, homogeneity, distinct catego-
ries, or stability over time of the groups. 

Recommendation 3. Researchers, as well as those who draw on their 
findings, should be attentive to the connotations and impacts of the 
terminology they use to label groups. 
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• As an example, the term Caucasian should not be used because it 
was originally coined to convey white supremacy,4 and is often mis-
takenly interpreted today as a “scientific” term, thus erroneously 
conferring empirical legitimacy to the notion of a biological white5 
race. 

• Another example of a term that should not be used is black race 
because it wrongly implies the existence of a discrete group of hu-
man beings, or race, who could be objectively identified as “black.” 

Although these recommendations help lay the essential groundwork for 
changing the use of population descriptors, specific guidance for appropri-
ate use is also needed and is provided through subsequent recommendations 
and best practices.

Including Environmental Factors in Study Design

Genetic effects cannot be adequately explained without nongenetic con-
texts. In the broadest sense, nongenetic or environment in gene–environ-
ment research refers to everything outside of DNA that influences a person’s 
traits. These factors include physical, chemical, and biological exposures; 
behavioral patterns, such as sexual practices or physical activity; and so-
cial context, such as neighborhoods and income, throughout the life span. 
Epidemiologic and genetics studies sometimes use race and/or ethnicity as 
a proxy for cultural beliefs or shared exposures without directly measuring 
them, even though descent-associated descriptors are not reliable proxies 
for most environmental factors. Whenever possible, researchers should use 
variables that more precisely capture the information that is needed to 
answer the question at hand. Moreover, researchers should not attribute 
unexplained variance to racial or ethnic differences.

Recommendation 4. Researchers conducting human genetics studies 
should directly evaluate the environmental factors or exposures 
that are of potential relevance to their studies, rather than rely on 
population descriptors as proxies. If it is not possible to make these 
direct measurements and it is necessary to use population descriptors 
as proxies, researchers should explicitly identify how the descriptors 
are employed and explain why they are used and are relevant. Genetics 
and genomics researchers should collaborate with experts in the social 

4 Johann Friedrich Blumenbach (1752–1840) named Europeans Caucasian because he felt 
the most beautiful skull in his collection came from the Caucasus region and was thus a fitting 
symbol for a superior race (Marks, 1995; Painter, 2010).

5 The committee chose not to capitalize “black” and “white” throughout the report to rec-
ognize and emphasize that they do not signify biological or ethnic groups.
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sciences, epidemiology, environmental sciences, or other relevant 
disciplines to aid in these studies, whenever possible.

As it may not always be possible to directly measure all relevant environ-
mental variables, the committee provides guidance for navigating the as-
sociated nuances in later best practices.

Engaging Communities

Communities vary in how individuals and groups self-identify and in 
their preferences for involvement in a research study. The ways that com-
munities define themselves are dynamic and change over time. Evolving 
ethical guidelines and frameworks underscore the importance of engaging 
communities in the research process, in particular by demonstrating trust-
worthiness and cultivating trust. Effective community engagement improves 
communication, study coordination, and long-term collaborations between 
researchers and communities. Conversely, failing to engage and understand 
communities and relevant parties can undermine trust and trustworthiness 
of research, diminish public acceptance of the veracity of research results, 
and importantly, fail to deliver the research outcomes effectively to the 
communities whom researchers are trying to serve. Effectively engaging 
communities requires multidisciplinary approaches that draw on expertise 
in history, sociology, demography, anthropology, communication, and other 
areas. Research teams should include members with community engage-
ment expertise to better understand how communities identify themselves 
and discuss the rationale for descriptors or group labels researchers decide 
to use. Research teams can develop ongoing partnerships with communi-
ties by drawing on emerging models and guidelines of community-engaged 
research.

Recommendation 5. Researchers, especially those who collect new data 
or propose new courses of study for a data set, should work in ongo-
ing partnerships with study participants and community experts to 
integrate the perspectives of the relevant communities and to inform 
the selection and use of population descriptors. 

Guidance for the Selection and Use of Population 
Descriptors in Genetics and Genomics Research

Because research conducted using genomic data is broad and varied, 
the committee concluded that there is no one-size-fits-all solution to the 
challenge of using population descriptors; rather, the appropriate popula-
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tion descriptor depends on the scientific question that is being addressed. 
Consideration of the different purposes of genetics research gave rise to 
seven major types of genomics studies, covering both disease and non-
disease traits,6 to serve as a basis for the development of recommended 
best practices: 

1. Gene discovery for Mendelian traits: studies aimed at identifying 
the genetic basis (e.g., pathogenic variant) underlying Mendelian 
disorders or traits.

2. Prediction for Mendelian traits: approaches that rely on the pres-
ence of a specific genotype to predict risk for or incidence of a 
Mendelian disease or specific outcome. 

3. Gene discovery for complex and polygenic traits: studies aiming 
to identify genetic variants associated with quantitative traits or 
complex disease risk, as done in genome-wide association studies 
(GWAS). 

4. Prediction for complex and polygenic traits: studies that aim to 
make probabilistic predictions about individual disease risk or 
traits based on genomic data. 

5. Elucidation of molecular, cellular, or physiological mechanisms: 
studies using related or unrelated participants or cell lines derived 
from their biological tissues to understand molecular, cellular, or 
physiological mechanisms.

6. Studies of health disparities with genomic data: elucidation of the 
role of genetic and environmental effects in how social disadvan-
tage leads to health disparities.

7. Studies of human evolutionary history: inferences about hu-
man evolutionary history using samples of related or unrelated 
participants. 

Responsive approaches are needed both to address the varied types of 
genomics studies and to accommodate community preferences and evolving 
conceptions of best practices for grouping individuals and naming those 
groups. 

Transparency in methodology is a scientific norm and the bedrock of 
replicability, yet the challenge of transparency is one of communicating 
specifically how and why particular decisions were made—that is, stating 
the rationale behind the classification scheme and group labels applied 
when using population descriptors. The lack of both specific practices and 
transparent reporting can lead to confusion and a lack of comparability 
among data sets. This lack of transparent reporting could ultimately dimin-

6 Examples are provided in “Classification of Genomics Study Types” in Chapter 1.
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ish trust in researchers by those participating in research. Researchers tend 
to rely on commonly used population descriptors without a clear justifica-
tion for why they used them. When communicating their research methods, 
findings, and conclusions, researchers should be as transparent as possible 
about the specific procedures used to name groups within their data sets. 
To enhance transparency in reporting, the committee’s focus was the con-
ceptual approaches and language that enable appropriate and accurate use 
of population descriptors in genetics and genomics research. The guidance 
that follows is intended to provide researchers with feasible best practices 
and rationales for decision making, in alignment with the guiding principles 
presented, and is an effort to support the goal of promoting trustworthy 
research.

Recommendation 6. Researchers should tailor their use of population 
descriptors to the type and purpose of the study, in alignment with the 
guiding principles, and explain how and why they used those descrip-
tors. Where appropriate for the study objectives, researchers should 
consider using multiple descriptors for each study participant to im-
prove clarity.

Recommendation 7. For each descriptor selected, labels should be ap-
plied consistently to all participants. For example, if ethnicity is the 
descriptor, all participants should be assigned an ethnicity label, rather 
than labeling some by race, others by geography, and yet others by eth-
nicity or nationality. If researchers choose to use multiple descriptors, 
each descriptor should be applied consistently across all individuals in 
that study.

Recommendation 8. Researchers should disclose the process by which 
they selected and assigned group labels and the rationale for any group-
ing of samples. Where new labels are developed for legacy samples, 
researchers should provide descriptions of new labels relative to old 
labels.

To better equip researchers with the information to follow these rec-
ommendations, the committee developed best practices for different types 
of genomics studies as well as decision-making tools, including Table S-1 
and a decision tree.7 The research context, including the study type and re-
search questions, gives rise to specific best practices and helps the researcher 
determine which descriptors apply. Table S-1 suggests which population 
descriptors are most appropriate as analytical tools for each of the genom-
ics study types outlined in this report. Note that each descriptor represents 

7 A full discussion of best practices for each study type is presented in Chapter 5. The deci-
sion tree can be found in Appendix D. 
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a particular concept of difference across human populations. The tree and 
table are not intended to recommend or proscribe specific words. Instead, 
the recommendations in the decision tree and table focus on the concep-
tual building blocks that researchers should use in study design and data 
analysis. The objective is to encourage researchers using genomic data to 
consider, define, and delineate very carefully the concepts of human differ-
ence with which they are working.

A nuanced understanding of key terms and concepts is necessary to ap-
proach the table and best practices. In this context, population descriptors 
refer to conceptual classification schemes used to group people based on 
specific characteristics. The appropriate application of descent-associated 
population descriptors in particular study contexts is the primary focus of 
the recommendations to follow. Group labels are names given to groupings 
of individuals. There is the tacit assumption that despite the relative similar-
ity of the individuals within a group the individuals may show variation in 
other dimensions, including their genetic background.

Many of the best practices recommended by the committee rely on 
distinctions between genetic ancestry, genetic ancestry group, and genetic 
similarity (Chapter 2). Ancestry is a concept encompassing a person’s ori-
gin or descent, lineage, “roots,” or heritage, including kinship. People have 
an intuitive understanding of ancestry from their family tree, consisting of 
their biological ancestors (e.g., parents, grandparents, and so forth). The 
genetic ancestry of a person refers to the paths through their family tree by 
which they have inherited DNA from specific ancestors. Genetic similarity 
between individuals is a quantitative measure of their genetic resemblance, 
reflective of the extent of their shared genetic ancestry. An analogy may be 
helpful for elucidating this distinction between a concept (genetic ancestry) 
and the measures or indicators of that concept (genetic similarity). The 
concept of wealth is generally understood, but the way it is measured can 
vary from the amount of money in a person’s bank account, to the car they 
drive, home they own, or sneakers they wear. 

Genetic ancestry groups are discrete groups delimited based on one 
or more measures of genetic similarity. Once demarcated, these groups are 
typically given a label derived from nongenetic characteristics, including 
ethnicity, geography, or race. In many contexts, grouping individuals in a 
study based on genetic similarity alone, without additional labeling, may 
often be sufficient for the purposes of the study. When choosing to use 
genetic ancestry or similarity as a population descriptor, careful attention 
to the intended application is paramount (see best practices in Chapter 5). 

As shown in Table S-1, best practices in the use of population descrip-
tors vary by study type. Careful consideration should be given to whether 
descent-associated population descriptors are needed at all, beyond basic 
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descriptions of sampling strategy (e.g., sample collection site and study 
inclusion criteria). Once researchers identify the appropriate population 
descriptor for the context of their study, they should then apply group la-
bels consistent with that concept to all study participants. More than one 
descriptor may be appropriate, and studies may benefit from using multiple 
descriptors. Finally, population descriptors are sometimes used as proxies 
for environmental effects (Chapter 2). It should be explicitly noted when 
population descriptors are used as proxies in this way and the rationale 
provided. The reader is advised to consult the text in Chapter 5 describing 
best practices in conjunction with viewing the table. In addition, Table S-1 
provides only a broad overview and summary of the best practices; ad-
ditional considerations for decision making are outlined in a decision tree 
(see Figure D-1 in Appendix D).

Implementation and Accountability

Despite many previous efforts to provide recommendations, guidelines, 
and strategies promoting culturally sensitive and valid use of population 
descriptors, there has been relatively little change in how any entities within 
the genetics research ecosystem use them. Many aspects of the current 
systems that fund, support, evaluate, and reward genomics research must 
change to better facilitate implementation of these recommendations. The 
genomics research ecosystem has many players, including funders of genet-
ics and genomics research, professional societies, research journals, and 
research institutions, who all share responsibility for making these changes 
across an interdisciplinary research community (Chapter 6). Individual 
researchers bear this responsibility too.

Recommendation 9. Funding agencies, research institutions, research 
journals, and professional societies should offer tools widely to their 
communities to facilitate the implementation of these recommenda-
tions; these tools should be publicly available, especially when they are 
supported by public funds. Such tools could include:

• educational modules for inclusion in human research protec-
tion training8; 

• manuscript submission and review guidelines;
• grant submission and review criteria;
• training and education of trainees at all levels; 

8 Often called “human subjects” research training. See also https://www.hhs.gov/ohrp/edu-
cation-and-outreach/human-research-protection-training/index.html 
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TABLE S-1 Recommended Approaches for the Use of Population 
Descriptors by Genomics Study Type

LEGEND

 Preferred population descriptor(s)

In some cases; refer to Ch. 5 text and the 
decision tree in Appendix D 

� Should not be used

Descriptors could be used if appropriate 
proxies for environmental, not genetic, 
effects

E?

This table should be read and interpreted in conjunction with the report text. Consult the decision tree in 
Appendix D for more information and Chapter 5 text for best practices for each study type. See also the 
terminology box preceding the table and descriptions of each study type in Chapter 1 section “Classification 
of Genomics Study Types.” For any given study, the use of multiple descriptors may be preferable.
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• opportunities for continuing education for researchers; and
• informatics tools, such as data structure standards for sharing 

labels and labeling procedures used within a study.

Recommendation 10. Research institutions and funding agencies should 
embed incentives for fostering interdisciplinary collaboration among 
researchers with different areas of expertise, including genetics and ge-
nomics, social sciences, epidemiology, and community-based research, 
to facilitate the inclusion of environmental measures and the engage-
ment of diverse communities in genomics research. Funding agencies 
and research institutions should develop strategies to encourage and 
reward such collaborations.

Recommendation 11. Given the persistent need to address this dynamic, 
high-stakes component of genomics research, funders and research 
institutions should create new initiatives to advance the study and 
methods development of best practices for population descriptor usage 
in genetics and genomics research, including the public availability of 
resources.

Recommendation 12. Key partners, including funding agencies, re-
search institutions, and scientific journals, should ensure that policies 
and procedures are aligned with these recommendations and invest in 
developing new strategies to support implementation when needed.

The ability of this report to effect durable change also depends on ac-
countability, which could be enhanced by two mechanisms. First, since both 
research and social norms will continue to evolve in the future, population 
descriptors and their use must necessarily change as well. Thus, the com-
mittee concluded that it would be valuable to establish multidisciplinary 
advisory bodies to periodically evaluate current population descriptors 
and recommend changes based on trusted sociological and scientific data, 
current cultural norms, and ethical and empirical principles. Second, there 
is a need for groups with broader powers to monitor and facilitate the 
implementation of these recommendations.

Recommendation 13. Because the understanding of population 
descriptors in genomics research is continuously evolving, responsibility 
for periodic reevaluation of these recommendations should be overseen 
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by effective, multidisciplinary advisory groups. The advisory groups 
could:

• periodically reevaluate established best practices on the use of 
descent-associated population descriptors to ensure they reflect 
the current state of the science and an ongoing commitment to 
ethical and empirical principles;

• advise funders and other interested parties on the use of popu-
lation descriptors and their implementation;

• facilitate the coordination of international best practice sharing;
• provide a venue for input from the broader community, includ-

ing research participants; and
• monitor and measure changes adopted by funders, research-

ers, journals, societies, and other relevant parties based on the 
uptake of best practices identified.

It will take a concerted effort by all relevant parties, patience, and a 
good bit of time to reach a place where the proper use and reporting of 
population descriptors is routine and consistent. The recommendations in 
this report will need to be implemented broadly and consistently, by all the 
relevant parties, to generate lasting change.
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SECTION I

PAST AND CURRENT USE OF 
POPULATION DESCRIPTORS 

IN GENETICS AND 
GENOMICS RESEARCH
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SECTION I OVERVIEW

The use of individual and population descriptors in genetics research 
began with the emergence of human genetics as a science. Despite their 
importance, historically, such descriptors were never defined, rationalized, 
used consistently, or standardized. This section explores the early history 
and context of such descriptors in human genetics, how preferences for 
certain descriptors have changed over time, and why. Researchers have 
frequently used descent-associated population descriptors and labels, for 
individuals or groups, as a shorthand for capturing the continuous and 
complex patterns of human genetic variation across the globe. Of particular 
concern is the long-standing and continued use of race, and more recently 
ethnicity, as this shorthand. Race is a sociopolitically constructed designa-
tion, is a misleading and harmful surrogate for genetically based population 
differences, and has a long history of being incorrectly identified as the 
major genetic reason for phenotypic differences between groups. Chapters 1 
and 2 address this history and consider why these problems have persisted, 
why another such study is warranted today, and why incorporating differ-
ent measures of the environment is necessary to improve future genomics 
studies on traits that involve both genetic and environmental effects.
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1 

Population Descriptors in  
Human Genetics Research:  

Genesis, Evolution, and Challenges

THE STUDY OF HUMAN GENETIC VARIATION 

Our social conceptions of race and ethnicity do not match the underlying 
biological and genetic variation within our species, and we should never 
confuse the things that were created for the purposes of oppressing people 
with the nature of that biological and genetic variation.

—Joseph Graves Jr., testimony to the committee  
in a public session on April 4, 2022

Genetics is the study of heredity, specifically the mechanisms by which 
traits or characteristics, known as phenotypes, are transmitted from one 
generation to the next (King et al., 2014). It is a long-standing observa-
tion that no two members of a species, except identical twins or clones, 
have identical features (Strickberger, 1985), spurring the development of 
a science that sought to understand how individual traits vary, how this 
variation is generated, and how it is transmitted to the next generation. 
This raises the question of how different members of a species can share 
individual traits, for example, a particular eye color. What is the biological 
basis of this sharing and its transmission, and is this biological basis the 
same or different across members of the same species? Since the rediscovery 
of gene transmission rules in 1900, there has remained a debate on whether 
such differences and commonalities are from genes, environments, or both, 
and when there is an effect of genes, whether it stems from one or many 
genes (Provine, 1971; Provine and Russell, 1986). In recent times, epigenetic 
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and stochastic variation,1 beyond genetic variation, have been elaborated 
upon as other causes of phenotypic variation (Panzeri and Pospisilik, 2018).

Human genetics, since its origin in 1900 with the discovery of inter-
individual differences in blood transfusions by Karl Landsteiner, has been 
exceptional among the genetic and genomic sciences in that it focuses on 
existing groups of individuals to examine heredity rather than only on the 
offspring of controlled crosses, as is possible in other species. Although the 
study of trait transmission in human families is widespread and has been 
successful for rare conditions that follow Mendelian inheritance patterns, 
family studies are uncommon for common continuous (metrical) pheno-
types, whose inheritance patterns are complex or non-Mendelian (NIH, 
2007). A more efficient and generalizable study paradigm has, therefore, 
been to compare and contrast groups of individuals with and without a 
specific trait feature, such as persons with hypertension versus persons with 
normal blood pressure. Specifically, what is compared are the frequency dif-
ferences of a specific genetic variant, this variant being one of at least two 
forms (alleles) of a gene (Manolio et al., 2009). 

Over the past two decades, technological advances have enabled the 
identification and comparison of genomic sites (base pairs) across the whole 
genome,2 both within and outside genes. Regardless of where they are sam-
pled in the world, two human genomes differ at approximately 1 in 1,000 
genomic sites on average or a total of 3 million positions (Sachidanandam 
et al., 2001). While the vast majority of non-ancestral alleles are rare (e.g., 
found at frequencies of below 1 percent in population samples), most of the 
variants that differ between two genomes are common and often found in 
multiple regions of the world (Biddanda et al., 2020; Rosenberg, 2021). The 
frequency of a variant depends on when it arose, the demographic history 
of humans who carried it, and whether it affects fitness. 

Across the globe, geneticists have catalogued tens of millions of such 
variants (1000 Genomes Project Consortium, 2015). Most of the common 
genetic variants existing across human populations arose as early humans 
evolved within Africa and then migrated across Africa and the rest of the 
world (Chakravarti, 2014). This variation is a shared human legacy shap-
ing, and in rare circumstances determining, human traits. Studying these 
variants in, say, hypertensives versus normotensives, can identify variants 
that are correlated with this trait difference. It takes substantially greater 
effort to demonstrate whether the detected variants are themselves biologi-

1 Epigenetic variation arises from chemical modification of DNA in body cells (soma), that 
can modify the functions of genes; not being a permanent DNA change means these are not 
transmitted to the next generation. Stochastic variation is alteration of gene function from 
random processes in cells, that are neither genetic nor epigenetic (Angers et al., 2020). 

2 The totality of an individual’s DNA is known as their genome.
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cal causes of that trait difference or are simply markers that are correlated 
with the shared history or environment of the individuals studied.  

The human population is very young in evolutionary time; when hu-
mans are grouped by geographic origin, between-group differences are 
substantially smaller than within-group differences. Two other historical 
aspects need to be considered. First, although humans have migrated into 
new ecologies ever since spreading within and beyond Africa, there has been 
extensive ancient and recent movement and mixing of peoples both within 
and across continents, which has affected global patterns of genetic varia-
tion (Cavalli-Sforza et al., 1996; Chakravarti, 2014). Second, many humans 
also have residual ancestry from long-extinct hominids such as the Nean-
derthals and Denisovans; its extent varies across the globe (Pääbo, 2014).

Human genetic variation is the result of many forces—historical, social, 
and biological—and cannot be represented by any single variable. Addi-
tionally, science is not the only, and sometimes not even the major, source 
of human origin stories. Each human culture, adapting to its lands and 
environments over time, has developed its own narrative of its emergence, 
stories that are rich, powerful, and deeply meaningful to it. The question 
today is, with all of this knowledge within reach, how should genetics stud-
ies of human phenotypes be designed and conducted?

The existence of genetic variation across geographic space does not 
mean that it is clustered in the distinct groups that notions of race presume. 
To be sure, if group boundaries on humans are imposed across the globe, 
thus inventing 2 or 3 or 20 “races,” average differences in allele frequencies 
between geographically distant groupings will be discerned. The existence 
of such genetic differences in the aggregate, however, is not proof that 
the boundaries applied were natural, objective, or otherwise genetically 
meaningful in the first place. Too often, statistical findings of genetic dif-
ferences between groups are misinterpreted as groupings determined by 
significant biological/genotypic characteristics as opposed to simply reflect-
ing widespread social presumptions about who is similar to whom based 
on shared physical/phenotypic characteristics. So, how should individuals 
and populations be described in genetics and genomics studies? To answer 
this question, it is crucial to reflect on what such studies aim to accomplish 
in the first place.

WHAT IS A STUDY USING GENETIC  
INFORMATION TRYING TO ACCOMPLISH? 

Genetic information is assessed directly or indirectly from the genome 
and can be defined narrowly or broadly. Narrowly defined genetic informa-
tion is based on data from direct measurements of DNA, RNA, proteins, or 
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epigenetic signatures such as DNA methylation, whereas broadly defined 
genetic information refers to phenotype information that includes indirect 
assessments of function (e.g., peripheral blood count) or form (e.g., observ-
able traits such as eye or hair color) influenced by the genome. The advent 
of the Human Genome Project (HGP) now enables studies of all genes 
simultaneously using sequence variants across the entire genome. Genetics 
research typically studies the role of a variant, gene, or small number of 
genes in an outcome of interest, whereas approaches that interrogate the 
DNA sequence or epigenetic signatures across the entire genome are known 
as genomics studies. Both genetics and genomics studies are today common 
in biomedical research on humans. 

Researchers use human genetic information to address a wide variety 
of questions about history and evolution; the development and function of 
cells, tissues, and organs; the biology of the human genome; and the risks 
and mechanisms underlying rare conditions,3 common and rare diseases,4 
and heritable traits (e.g., height, blood glucose). Genetics and genomics 
studies are conducted by scientists from a broad range of disciplines (e.g., 
human and medical geneticists, physicians in various medical specialties, ge-
netic epidemiologists, forensic scientists, evolutionary biologists, biostatisti-
cians, demographers, anthropologists, other social scientists) with different 
experiences, expertise, and biases. Genetic information is increasingly easy 
and inexpensive to produce, and tools to analyze genetic information have 
become widely available and straightforward to use. 

Expectations of researchers and the lay public about discoveries made 
by genetics studies have changed substantially over time. For decades, 
discovery that a condition or trait had a genetic basis, or more recently, 
the identification of the specific genetic basis of a condition or trait (e.g., 
the gene underlying a Mendelian condition such as cystic fibrosis) satisfied 
both the scientific community and public. However, over the past 10 years, 
there has been a growing expectation that genetics studies deliver informa-
tion that can be used for improving health (e.g., accurately estimating the 
risk of a common disease or accelerating the development of novel treat-
ment approaches and therapeutics) or precisely answering questions about 
population origins, migration patterns, or the effect of past environmental 
factors as forces of natural selection. Moreover, information from genetics, 

3 In the United States, the Orphan Drug Act defines a rare disease or condition as one that 
affects less than 200,000 people (21 C.F.R. §316.20(b)); many rare conditions are so-called 
Mendelian conditions, which means that changes in a single gene are necessary and sufficient 
to cause the condition (Chial, 2008). 

4 Common, beyond frequency, refers to conditions that are variously called polygenic (many 
genes), multifactorial (many causes), or complex, the latter implying that both genes and 
environment are causal factors. Examples of such traits are cardiovascular disease, diabetes, 
and obesity.

http://nap.nationalacademies.org/26902


Using Population Descriptors in Genetics and Genomics Research: A New Framework for an Evolving Field

Copyright National Academy of Sciences. All rights reserved.

GENESIS, EVOLUTION, AND CHALLENGES  25

genomics, and sociogenomics studies is being used in new ways for finan-
cial, political, or legal gain (Bliss, 2020; Roberts, 2011). 

Genetics has proven to be a powerful paradigm in medicine, from ex-
plaining individual differences in medical outcome (e.g., ABO blood types 
for blood transfusion and the human leukocyte antigen (HLA) types for 
organ transplant compatibility), to explaining disease pathogenesis (e.g., 
in persons with rare Mendelian conditions, such as Marfan syndrome), to 
identifying therapeutic targets from knowledge of the genes involved (e.g., 
PCSK9 inhibitors for reducing serum cholesterol). The field has also trans-
formed researchers’ knowledge of where and how modern humans arose 
and migrated across the globe. 

Yet, genetics also has substantial limitations. Virtually all conditions 
and traits are the result of both genetic and environmental factors as well 
as stochastic or nondeterministic influences. The effect of these nongenetic 
factors varies across different conditions and traits with some conditions 
strongly influenced (e.g., susceptibility to infectious disease, obesity, cardio-
vascular disease) and others only weakly so (e.g., achondroplasia, fragile-X 
syndrome, Huntington’s disease). The effect of nongenetic factors falls be-
tween these extremes for most genetic conditions, and the degree to which 
nongenetic factors influence a condition or trait is itself influenced by the 
genetic architecture of the condition (e.g., the type, number, and strength 
of the genetic variants involved), risk genotype(s) (e.g., the variants in an 
individual’s personal genome), and the effect of genetic modifiers (e.g., other 
genetic variants with indirect influence on the principal genes). Identifying 
nongenetic factors that influence a genetic condition or trait is challenging, 
and for most conditions they, therefore, remain unknown. Moreover, with-
out careful study design, the effects of environmental and genetic factors 
can often be conflated. 

It should be further noted that although genetic variation can be criti-
cal to identifying disease mechanisms and interindividual trait differences, 
human biological processes are universal. For example, everywhere in the 
world, the same ocular biology and neural pathways underlie human vision 
(Chakraborty et al., 2020). The ingestion of lead produces the same bio-
chemical effects in human bodies whether they are in Alaska or Zambia (Fu 
and Xi, 2020). Vaccines for coronavirus disease 2019 (COVID-19) work 
via the same immunological mechanisms in Peru or Poland (Sadarangani 
et al., 2021). While environmental factors as well as inherited local genetic 
variants may influence these processes, their physiological mechanisms are 
essentially the same. In other words, genetic variation is used to identify 
fundamental mechanisms that are biologically universal among humans—
often even relevant to other species, including ones used as model systems 
(e.g., mice)—to understand human biology and medicine.
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CLASSIFICATION OF GENOMICS STUDY TYPES

There is no one kind of genetics or genomics study; thus, it is helpful 
to consider the various classes of such studies, some of which have a long 
history of use while others are more recent. Such a categorization is also 
practical because each study type, with its different questions in mind, 
recruits study participants differently, and therefore may require tailored 
guidance to researchers on how to improve the use of population descrip-
tors; in other words, there is no “one-size-fits-all” solution. The committee 
considers seven such archetypal studies, which are by no means an exhaus-
tive list but serve to illustrate the different usages of population descriptors 
and highlight some of the considerations that should come into play in 
choosing a classification scheme for a study:

1. Gene discovery for Mendelian traits: studies aimed at identifying 
the genetic basis (e.g., pathogenic variant) underlying Mendelian 
disorders or traits.
• For a review, see Chong et al. (2015). Examples include the 

discovery of the cystic fibrosis gene (Kerem et al., 1989), mu-
tations that cause Kabuki syndrome (Ng et al., 2010), or the 
genetic basis of a trait such as lactose intolerance (Enattah et 
al., 2002).

2. Prediction for Mendelian traits: approaches that rely on the pres-
ence of a specific genotype to predict risk for or incidence of a 
Mendelian disease or specific outcome, as done in research settings 
or the clinical context of prenatal or newborn screening or pre‐
symptomatic testing. 
• Examples are newborn screening for phenylketonuria (PKU), 

sickle cell disease, and others (Watson et al., 2022) or analy-
sis of BRCA1/2 mutation-associated tumors (e.g., Shah et al., 
2022). 

3. Gene discovery for complex and polygenic traits: studies aiming 
to identify genetic variants associated with quantitative traits or 
complex disease risk, as done in genome-wide association studies 
(GWAS). 
• For examples, see case-control studies to identify genetic 

variants associated with disease risk for type 1 diabetes or 
Crohn’s disease (e.g., Wellcome Trust Case Control Consortium, 
2007) or GWAS of height (Lettre et al., 2008).

4. Prediction for complex and polygenic traits: studies that aim to 
make probabilistic predictions about individual disease risk or 
traits based on genomic data. 
• Such studies often use “polygenic scores” (also called polygenic 

risk scores or polygenic indexes; e.g., Khera et al., 2018).
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5. Elucidation of molecular, cellular, or physiological mechanisms: 
studies using related or unrelated participants or cell lines derived 
from their biological tissues to understand molecular, cellular, or 
physiological mechanisms.
• Examples include the study of the genetic basis of Huntington’s 

disease (e.g., Kremer et al., 1995) or the cellular mechanism of 
SARS-CoV-2 infection (e.g., Daniloski et al., 2021). 

6. Studies of health disparities with genomic data: elucidation of the 
role of genetic and environmental effects in how social disadvan-
tage leads to health disparities.
• Examples include kidney disease risk in Hispanics/Latinos and 

biological aging in children (Kramer et al., 2017; Raffington 
and Belsky et al., 2022; Raffington et al., 2021; West et al., 
2017).

• It should be noted that not all health disparities studies with 
genomic data require the use of descent-associated population 
descriptors. See, for example, a study of genetics and neighbor-
hood effects on health outcomes (Belsky et al., 2019).

7. Studies of human evolutionary history: Inferences about hu-
man evolutionary history using samples of related or unrelated 
participants. 
• One example is the study of genomic history of African popu-

lations (Fan et al., 2019). For another example, see Waldman 
et al. (2022).

A series of population descriptors that could be tailored to specific types of 
genetics studies will be examined in Chapter 2, and best practices for the 
use of population descriptors will be discussed in Chapter 5 for each of the 
seven study types.5 

FEATURES OF HUMAN GENOME VARIATION

By 2001, when the draft sequence of the human genome was reported 
(Lander et al., 2001; Venter et al., 2001), the tools developed to sequence 
the human genome and the resulting data were already transforming how 
genetics research could be done and enabling unprecedented characteriza-
tion of patterns of human genetic variation (Aach et al., 2001; Birney et 
al., 2001; Lander et al., 2001). The sequence of the first reference genome 
was quickly followed by a number of efforts to characterize human genetic 
diversity such as the International Haplotype Map Project (HapMap), 

5 The discussion of other types of genetics and genomics studies, such as those in forensics 
and genealogy reconstructions, are not a part of this study (see statement of task in Box 1-2). 
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Genome Aggregation Database (gnomAD), and the 1000 Genomes Project 
(1000G). These efforts, and the subsequent debates over the sampling and 
applicability of a limited number of reference populations, led to grappling 
with the use of population descriptors, specifically race, ethnicity, and ances-
try. These projects would confirm the high levels of genetic similarity among 
humans across the globe and the poor correspondence between racialized 
groups and the distribution of human genetic variation (Lewontin, 1972). In 
brief, scientists’ current understanding of the distribution of human genetic 
variation and its evolutionary origins is that

• Anatomically modern humans arose somewhere in the African 
continent approximately 300,000 years ago (Hublin et al., 2017). 
Their descendants expanded across much of the rest of the world 
within the past 100,000 years, giving rise to all modern humans 
today (Mallick et al., 2016; Nielsen et al., 2017).

• Mating between members of human groups occurred repeatedly 
throughout evolution, from interbreeding that occurred with ar-
chaic forms of humans (e.g., Neanderthal and Denisova) (Nara-
simhan et al., 2019; Pääbo, 2014), to gene flow between various 
human groups throughout the world (e.g., Gomez et al., 2014; 
Reich, 2018).

• Allele frequencies over time and space diverge gradually, owing to 
random fluctuations (known as genetic drift) and changes caused 
by natural selection, and are made more similar by gene flow (No-
vembre and Di Rienzo, 2009). As a result of the relatively recent 
common origin of modern humans and the repeated mixing of 
groups, the alleles carried by people living all over the globe show 
little differentiation:
•• Levels of genetic diversity in humans are low compared to 

those of many other species: pairs of chromosomes differ only 
at approximately 1 in 1,000 sites in humans (Leffler et al., 
2012), in contrast to 1 in 100 sites in the fruit fly Drosophila 
melanogaster and 3 in 1,000 sites in the chimpanzee (Leffler et 
al., 2012).

•• Alleles that are common in one population are typically shared 
across multiple populations, as they tend to be older. Variants 
that are rare in a population tend to be recent and are usu-
ally found much more locally—for example if very rare, only 
among close relatives (Biddanda et al., 2020).

• Human allele frequencies tend to vary continuously with geo-
graphic distance (isolation by distance), with slightly larger differ-
ences seen across long-term inhibitors of migration such as oceans 
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or mountains (Rosenberg, 2021). These geographic boundaries do 
not correspond to racial groupings.

• Even when differences at any given locus are subtle, information 
from many loci can be aggregated to make each human genome 
recognizably unique and to assess an individual’s genetic similarity 
to others (e.g., Figure 2, Novembre and Peter, 2016). This similar-
ity measure is often paired with geographic or other labels from 
genetically similar individuals in order to assign the individual to 
a single or multiple groupings (e.g., a method might assign a single 
geographic population designation or model an individual as a 
mixture of different “ancestry clusters”; see Chapter 2).  

• In some regions of the genome, allele frequencies also vary geo-
graphically because a variant contributes to adaption to past or 
present local environments (Novembre and Di Rienzo, 2009). 
Where selection on an individual locus was strong and sustained 
over hundreds of generations, these allele frequency differences can 
be larger than is typical in the genome. In humans, there are very 
few cases where one allele is present at very high frequency across 
a broad-scale geographic region but not shared elsewhere in the 
world, besides at loci such as those that contribute to infectious 
disease susceptibility (e.g., the Duffy null allele at the Duffy gene) 
(Hamblin and Di Rienzo, 2000). 

POPULATION CLASSIFICATION SCHEMES IN 
GENETICS AND GENOMICS RESEARCH 

The Origins of Describing Individuals and 
Populations in Human Genetics

Human genetics research was propelled by the discovery of interindi-
vidual differences in blood transfusions by Karl Landsteiner in the early 
1900s, and his subsequent demonstration that the bloods of humans can be 
classified into what we now call the A, B, AB, and O groups (Landsteiner, 
1961). Importantly, as early as 1901–1903, he had also suggested that the 
characteristics that determine blood groups were inherited (Nobel Prize 
Outreach AB, 2022). Shortly after, in 1910–1911, Emil von Dungern and 
Ludwik Hirschfeld showed, using families of the teaching staff of Heidel-
berg University, that Landsteiner’s normal human serological features were 
inherited in a Mendelian pattern (von Dungern and Hirschfeld, 1962), thus 
making ABO the first known common human genetic trait (Bugert and 
Klüter, 2012).

In 1919, Ludwik and Hanka Hirschfeld recorded the ABO blood types 
in more than 8,000 soldiers and refugees on the Macedonian front during 
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World War I (Hirschfeld and Hirschfeld, 1919). These studies were the 
first to demonstrate differences in the frequencies of blood group alleles 
(variants), in mostly unrelated individuals, across different populations 
whom the authors refer to as “races” (Hirschfeld and Hirschfeld, 1919). 
The population descriptors used were highly varied and included a mix 
of continental, geographic, and religious labels (e.g., Europeans, Indians, 
and Jews). This study on a very large sample of heterogeneous individuals, 
which also showed geographic patterns of east–west and north–south blood 
group allele frequency variation, became highly influential in anthropology 
and human genetics by suggesting widespread allele frequency differences 
in human populations (Hirschfeld and Hirschfeld, 1919). By 1977, Arthur 
E. Mourant, a British hematologist and geneticist, had updated his com-
pilation titled The Distribution of the Human Blood Groups to include 
genotype and allele frequency data from hundreds of thousands of samples 
collected across the globe (Mourant, 1977). These samples were also identi-
fied by a dizzying array of terms meant to signify their origin.

The choices of population descriptors used by twentieth-century sci-
entists were consistent with a long-standing European and U.S. belief that 
human beings are naturally divided into biologically distinguishable races 
(Gossett, 1997; Hammonds and Herzig, 2009; Keel, 2018; Painter, 2010). 
The categorization of human beings into races was integral to settler colo-
nialism and slavery, and simultaneously became foundational to scientific 
thinking in the United States (Frederickson, 2002; Higginbotham et al., 
forthcoming; Roberts, 2011; Smedley and Smedley, 2012; TallBear, 2013). 
For example, prominent nineteenth-century scientists such as Harvard bi-
ologist Louis Agassiz and Samuel Morton, president of the Academy of 
Natural Sciences in Philadelphia, promoted the white supremacist view that 
human beings were divided into unequal racial groups that descended from 
separate origins (Gould, 1996). These ideas continued to influence U.S. sci-
ence after the Civil War and persisted through the eugenics era in the twen-
tieth century into the twenty-first century (Graves, 2001; Reardon, 2009; 
Roberts, 2011; Zuberi, 2003). Some of the harmful scientific and societal 
practices of the eugenics era are described in a recently released statement 
and report6 from the American Society of Human Genetics, acknowledg-
ing and apologizing for the involvement of some of its early leaders in the 
American eugenics movement.

Classifying people by race has been essential to institutional racism 
and tightly interwoven into political, economic, legal, scientific, and social 
practices in the United States. Race was “baked into” the very first instru-
ments of governance in the United States, from its first census to its first law 
governing who could become a citizen (both in 1790). Under the Jim Crow 

6 See https://www.ashg.org/wp-content/uploads/2023/01/Facing_Our_History-Building_an_
Equitable_Future_Final_Report_January_2023.pdf (accessed January 25, 2023).
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regime, which extended from the end of Reconstruction to the Supreme 
Court’s 1954 Brown v. Board of Education decision and the passage of 
federal civil rights legislation, many states maintained rigid racial classifica-
tion systems to help enforce de jure segregation (Dorr, 2008; Pascoe, 2009). 
The civil rights movement of the 1950s through the 1970s also shaped the 
scientific use of race, ethnicity, and ancestry as descriptors. New federal 
legislation, including the Civil Rights Act of 1964, the Voting Rights Act of 
1965, the Fair Housing Act of 1968, and the Home Mortgage Disclosure 
Act of 1975, required many federal agencies to monitor discrimination and 
to do so meant classifying people, typically into racial and ethnic categories. 
In 1977, the Office of Management and Budget (OMB) issued Statistical 
Directive 15–Race and Ethnic Standards for Federal Statistics and Admin-
istrative Reporting to standardize federal agencies’ recordkeeping, collec-
tion, and presentation of data on race and ethnicity (equated with Hispanic 
origin), including its use on the census (OMB, 1977, 1997). 

OMB Directive 15 has had widespread effects because its racial and 
ethnic categories have been used widely across government and the private 
sector, including by many scientific researchers in genetics and genomics 
(Kahn, 2006; Nobles, 2000). This is in part because the NIH and other 
federal research agencies require OMB-based racial and ethnic information 
collection in funding proposals and applications for purposes of inclusion 
(Epstein, 2007). Although OMB Directive 15 is clear that race is a social—
and not a biological—classification, this categorization is frequently ap-
plied as if it were biological. Thus, the institutional demand for biomedical 
research to become more inclusive has led to many U.S.-based genetics and 
genomics research projects collecting OMB ethnic and racial category-based 
information on study participants, including measurement of biological dif-
ferences between these groups (Epstein, 2007).

Race and racism also continue to figure in genomics research because 
many scientists hold the view that race is a biological category or that race 
is a useful proxy for human biological variation. Scientists not only learn 
biological concepts of race in their professional training but also, like the 
rest of U.S. society, are exposed from the earliest ages to racial concepts 
and practices (Morning, 2011). Racial taxonomy becomes a familiar way of 
seeing and describing the world, one that is taken for granted and presumed 
to be “natural” and objective (Hirschfeld, 1996; Hirschfeld and Gelman, 
1997; Obasogie, 2010; Van Ausdale and Feagin, 1996). This framework has 
made its way unnoticed into the design and execution of scientific research. 
For example, a study by Fujimura and Rajagopalan (2011) highlights how 
despite the development of new technologies focused on genetic similar-
ity that would preclude the need for pre-labeling populations, the use of 
terminology such as “ancestry” or “shared ancestry” in genetic analyses 
can lead to slippage toward racial concepts. In some cases, certain tools 
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and practices currently used in genomics research can blur the differences 
between ancestry and race (Fullwiley, 2008). In their study of geneticists’ 
population labeling practices, Panofsky and Bliss (2017) found “persistent 
and indiscriminate blending of classification schemes” that has made the 
definition of population in genetics “more ambiguous rather than standard-
ized over time” (p. 59). The outsized influence of U.S.-based research on 
scientific practice worldwide, moreover, means that Americans’ widespread 
exposure to racial thought, discourse, and institutions is transmitted to 
scientists around the globe.

A complete history of the use of population descriptors in human genet-
ics and the early and persistent use of race in science is beyond the scope of 
this report and outside of the committee’s statement of task. The brief sum-
mary provided here is meant only to emphasize several important points. 
First, early studies, like those by the Hirschfelds, used population descrip-
tors of many categories—racial, continental, ethnic, religious, and more—in 
ways that imply an interchangeableness among them when none may have 
existed. Second, the biological concept of race in humans was created to 
support settler colonialism and slavery, and has always been entangled with 
racist institutions, policies, and practices. The use of race as a population 
descriptor in scientific research therefore has caused incalculable confusion 
and harm. Third, the federal requirement to use OMB categories in many 
contexts perpetuates the institutional racism, confusion, and harm caused 
by false concepts of race as a biological grouping. Fourth, racist concepts 
of race that are deeply embedded in science and U.S. society more broadly 
continue to affect scientific thinking and research. Scientists must critically 
examine the underlying assumptions about race—and human commonality 
and difference—that shape their research studies. For a more complete his-
tory of population descriptors in genetics, and for a deeper understanding 
of the history of the race concept and the intersections of race, science, and 
society, see the list of references in Box 1-1.

Local and Global Contexts 

The conceptualization of “American” as an equivalent to being from 
the United States has led to the use of derived terms such as African 
American, European American, and Native American. This terminology has 
been adopted by the genetics community and applied in many population 
genomics studies (Bryc et al., 2015; Kidd et al., 2012; Price et al., 2007; 
Ruiz-Linares et al., 2014; Williamson et al., 2007). However, outside the 
United States these terms do not have the same context and may imply dif-
ferent meanings, as the adjective American has a geographic reach across 
the North and South American continents, meaning the Americas, rather 
than a national one (the United States). It is important to move away from 

http://nap.nationalacademies.org/26902


Using Population Descriptors in Genetics and Genomics Research: A New Framework for an Evolving Field

Copyright National Academy of Sciences. All rights reserved.

GENESIS, EVOLUTION, AND CHALLENGES  33

BOX 1-1 
Race, Science, and Society: A Reference List

Anderson, Margo J. 1988. The American Census: A Social History. New Haven, 
CT: Yale University Press.

Byron, Gay L. 2002. Symbolic Blackness and Ethnic Difference in Early Christian 
Literature. London: Routledge.

Carter, J. Kameron. 2008. Race: A Theological Account. New York: Oxford 
University Press.

Dorr, Gregory M. 2008. Segregation’s Science: Eugenics and Society in Virginia. 
Charlottesville, VA: University of Virginia Press.

Fredrickson, George M. 2002. Racism: A Short History. Princeton, NJ: Princeton 
University Press.

Goodman, Alan H., Yolanda T. Moses, and Joseph L. Jones. 2019. Race: Are We 
So Different? Hoboken, NJ: Wiley-Blackwell.

Gossett, Thomas F. 1997. Race: The History of an Idea in America. New York: 
Oxford University Press.

Gould, Stephen J. 1996. The Mismeasure of Man. New York: W. W. Norton & 
Company.

Graves, Joseph L., Jr. 2001. The Emperor’s Clothes: Biological Theories of Race 
at the Millennium. New Brunswick, NJ: Rutgers University Press.

Hammonds, Evelynn M. and Rebecca M. Herzig. 2009. The Nature of Difference: 
Sciences of Race in the United States from Jefferson to Genomics. Cambridge, 
MA: MIT Press.

Hannaford, Ivan. 1996. Race: The History of an Idea in the West. Washington, 
DC: The Woodrow Wilson Center Press.

Keel, Terence. 2018. Divine Variations: How Christian Thought Became Racial 
Science. Stanford, CA: Stanford University Press.

Marks, Jonathan. 2017. Is Science Racist? Cambridge: Polity.

Marx, Anthony W. 1998. Making Race and Nation: A Comparison of South Africa, 
the United States, and Brazil. Cambridge: Cambridge University Press.

Molina, Natalia. 2006. Fit to Be Citizens: Public Health and Race in Los Angeles, 
1879-1939. Berkeley, CA: University of California Press.

Morning, Ann. 2011. The Nature of Race: How Scientists Think and Teach About 
Human Difference. Berkeley, CA: University of California Press.

Nobles, Melissa. 2000. Shades of Citizenship: Race and the Census in Modern 
Politics. Stanford, CA: Stanford University Press.

Painter, Nell I. 2010. The History of White People. New York: W. W. Norton & 
Company.

Continued
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BOX 1-1 Continued

Pascoe, Peggy. 2009. What Comes Naturally: Miscegenation Law and the Making 
of Race in America. New York: Oxford University Press.

Reardon, Jenny. 2005. Race to the Finish: Identity and Governance in an Age of 
Genomics. Princeton, NJ: Princeton University Press.

Roberts, Dorothy. 2011. Fatal Invention: How Science, Politics, and Big Business 
Re-create Race in the Twenty-first Century. New York: The New Press.

Sanders, Edith R. 1969. “The Hamitic Hypothesis; Its Origins and Functions in 
Time Perspective.” Journal of African History X:521-532.

Schor, Paul. 2017. Counting Americans: How the US Census Classified the Na-
tion. Oxford: Oxford University Press.

Smedley, Audrey, and Brian Smedley. 2012. Race in North America: Origin and 
Evolution of a Worldview. Boulder, CO: Westview Press.

Snowden, Frank M., Jr. 1983. Before Color Prejudice: The Ancient View of Blacks. 
Cambridge, MA: Harvard University Press.

Stepan, Nancy. 1982. The Idea of Race in Science: Great Britain, 1800-1960. 
London: Palgrave MacMillan.

Stern, Alexandra M. 2015. Eugenic Nation: Faults and Frontiers of Better Breeding 
in Modern America. Berkeley, CA: University of California Press.

TallBear, Kim. 2013. Native American DNA: Tribal Belonging and the False Prom-
ise of Genetic Science. Minneapolis, MN: University of Minnesota Press.

Wilder, Craig Steven. 2013. Ebony and Ivy: Race, Slavery, and the Troubled His-
tory of America’s Universities. New York: Bloomsbury Press.

Yudell, Michael. 2014. Race Unmasked: Biology and Race in the Twentieth Cen-
tury. New York: Columbia University Press.

Zuberi, Tukufu. 2003. Thicker Than Blood: How Racial Statistics Lie. Minneapolis, 
MN: University of Minnesota Press.

U.S.–centric definitions when working with global populations and to be 
aware of the historical use of alternative descriptors in order to come up 
with the best possible consensus to embrace diversity while making accurate 
descriptions of populations for scientific purposes.

Population group classifications are context specific and vary globally. 
For example, consider the classifications used in ongoing studies from three 
different countries: the United Kingdom (UK) Biobank, the South African 
HAALSI study, and the Brazilian BIPMed study (Table 1-1). All population 
descriptors vary with each study and are not interchangeable. The descrip-
tors are context specific for those regions, and some involve language 
groups, country of origin, background, or geographic region.
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The UK Biobank (UKB) is a biomedical database of genetic and health 
information from 500,000 participants living in the United Kingdom.7 The 
data in the UKB are globally accessible to approved researchers undertak-
ing studies related to health and disease. Thus far, there are over 30,000 
global registrations (80 percent from non-UK investigators) (UK Biobank, 
2022) and over 5,000 scientific papers published (Conroy et al., 2022). The 
population descriptors used in the UKB include labels such as white, mixed, 
and so on, as outlined in Table 1-1. 

The Health and Aging in Africa: A Longitudinal Study of an INDEPTH 
Community in South Africa (HAALSI) study includes a community-based 
cohort of 5,059 men and women 40 years old or older.8 Study data were 
collected around the following areas: cognition and dementia, cardiometa-
bolic disease, human immunodeficiency virus (HIV) and treatment, public 
policies and health, and multimorbidity. While no population descriptor la-
bels are used in the study, data on country of origin were collected (Gómez-
Olivé et al., 2018), and in the second wave of the survey, questions related 
to the languages the participants spoke were included (Berkman, 2020).

The Brazilian Initiative on Precision Medicine (BIPMed) is an initia-
tive of five research, innovation, and dissemination centers funded by the 
São Paulo Research Foundation (FAPESP) (Rocha et al., 2020). The five 
centers share data to create BIPMed, which provides genomic and pheno-
typic information to the global research community. BIPMed investigates 
the distribution of rare and common variants within two BIPMed data 
sets including the Brazilian population from the metropolitan area of São 
Paulo. The Brazilian population structure derives from African, European, 
and Native American populations (de Moura et al., 2015; Mychaleckyj et 
al., 2017) but in the BIPMed study, the team decided to use geographic 
regions where individuals were born as population descriptors as this was 
more relevant for their study, and it was noted that two regions were not 
well represented in the data (Rocha et al., 2020).

Challenges with Legacy Data and Harmonization

In an effort to establish uniformity in the use of population descriptors 
across the globe, several international organizations including the United 
Nations (UN) and the European Commission have issued recommenda-
tions for their member states’ census or other data collection efforts related 
to race and/or ethnicity (Farkas, 2017; UN, 2017). The UN, for example, 
includes guidance on data collection for ethnic and/or national groups, one 
of which is to consult with groups that will be categorized. The guidance 

7 For more information on the UK Biobank see https://www.ukbiobank.ac.uk (accessed 
November 3, 2022). 

8 For more information on HAALSI see https://haalsi.org/data (accessed November 3, 2022). 
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also notes the diversity of categories and terminology across countries and 
states that “no internationally accepted criteria are possible” as a result 
(UN, 2017). 

Researchers have noted the challenges of harmonization across coun-
tries. A study of 138 national censuses conducted around the world in the 
1995–2004 period found that 63 percent included some kind of descent-
associated question, including those on “race,” “population,” “tribe,” and 
“caste” (Morning, 2008). In other words, ethnoracial items were far from 
universal on censuses worldwide. Even among nations that did count their 
populations by ethnicity or race, they used a wide-ranging set of catego-

TABLE 1-1 Comparison of Classification Schemes Used in Three Studies 
Using Genetics from Three Distinct Global Contextsa

UK Biobank HAALSI BIPMed 

White:
British
Irish
Any other white 

background
Mixed

White and black 
Caribbean

White and black African
White and Asian 
Any other mixed 

background
Asian or Asian British

Indian
Pakistani
Bangladeshi
Any other Asian 

background
Black or black British

Caribbean
African
Any other black 

background
Chinese
Other ethnic group
Do not know
Prefer not to answer

Native Language:
    Shangaan
    English
    Afrikaans
    Zulu
    Xhosa
    Portuguese
    Other

Geographic Regions in Brazil 
where participants were born:
    North
    Northeast
    Centre West
    Southeast
    South
    Unknown

a A more extensive, yet still not exhaustive, list of international programs and the population 
descriptors they use can be found in Appendix C.
NOTE: BIPMed = Brazilian Initiative on Precision Medicine; HAALSI = Health and Aging 
in Africa: A Longitudinal Study of an INDEPTH Community in South Africa; UK = United 
Kingdom.
SOURCES: https://www.ukbiobank.ac.uk; Berkman, 2020; Rocha et al., 2020.
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ries, such as “Kankanaey” in the Philippines or “Rotuman” in Fiji, that did 
not necessarily overlap with labels used elsewhere. In short, geographic 
variation in the descent-associated groups that are salient—as well as in 
the underlying classificatory concepts, practices, and norms that are val-
ued—implies that a single, universal standardization is likely infeasible. In 
addition, any attempt to impose a standard global framework of popula-
tion descriptors runs the risk of being detrimental or viewed unfavorably 
in many locales (Bourdieu and Wacquant, 1999; Onishi and Méheut, 2021; 
Wimmer, 2015).

Despite the global variation in these systems, in recent years, there 
has been a growing need in genomics to analyze multiple data sets across 
studies to increase statistical power and to make cross-study comparisons. 
However, heterogeneity among studies in their design, recruitment methods, 
population descriptors, and measurements makes it difficult to easily com-
pare and combine the data and metadata from multiple studies. Challenges 
of data harmonization include how to deal with missing data or how to 
compare or aggregate data and metadata in which similar but nonidentical 
terms are used.

The goal of harmonizing population descriptors is to bring disparate 
classification systems into greater alignment for specific research goals. Even 
within a single country, many studies have different recruitment processes 
and reasons for their selection of population descriptors. Not only are there 
differences in the specific labels used but also in the underlying concepts 
represented. In addition, for harmonizing population descriptor data, it 
is challenging to address across studies differences in scale, resolution, or 
descriptors used, or to work with studies that use the same term but have 
different definitions for that term. Existing legacy data often pose additional 
complications; for example, because some legacy data sets were collected 
before standards for data sharing were established, there may be uncertainty 
around whether these data meet current ethical or scientific standards. 

As there is no universal system of descriptors, tools and strategies are 
needed to harmonize them—that is, to reduce heterogeneity—when looking 
at data across studies. Data harmonization strives to aggregate data from 
multiple cohorts and/or biobanks to a degree that is scientifically adequate 
yet acknowledges the heterogeneity among the data sets. There are two 
main harmonization methods: prospective and retrospective harmoniza-
tion. Prospective approaches establish standard procedures prior to data 
collection, making aggregation and comparison considerably easier. One 
such approach is using common data elements, also called CDEs, which are 
standardized pieces of information collected as part of a study. However, 
prospective methods are not always feasible, especially when using existing 
data sets. Thus, other investigators use retrospective methods to integrate 
data sets after collection.
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ATTEMPTS TO ADDRESS THE USE OF RACE, ETHNICITY, 
AND ANCESTRY IN THE GENOMIC ERA

Advances in the measurement of human genetic variation and subse-
quent debates over the sampling and applicability of reference populations 
have led many in the research ecosystem to grapple with the use of popula-
tion descriptors, especially race, ethnicity, and ancestry. For more than 20 
years, numerous articles have been published and workshops held to discuss 
these implications, including calls for “a new vocabulary of human genetic 
variation” (Sankar and Cho, 2002) and the establishment of guidelines for 
using racial, ethnic, and ancestral categories in human genetics research 
(Bonham et al., 2018; Caulfield et al., 2009; Flanagin et al., 2021; Khan et 
al., 2022; NIMHD, 2017; Takezawa et al., 2014; Yudell et al., 2020). Yet, 
two decades later, use of these descent-associated population descriptors in 
genetics research remains largely unchanged and controversial.

One impetus for the urgency twenty years ago arose from the rapid 
technological advancements that made possible whole genome analyses 
of genetic variation on large numbers of samples. This raised the concern 
that, without thoughtful guidance, classical and stereotypical views of race 
and ethnicity would be exacerbated by genome analyses. In 2002, Sankar 
and Cho published an article on the use of race as a research variable in 
the study of human genetic variation (Sankar and Cho, 2002). They argued 
that researchers need to be more thoughtful, deliberate, and precise when 
designing a study, analyzing the results, and reporting the findings. The 
authors close their article with an appeal to researchers: 

It is imperative for the research community to acknowledge that the maps 
used in research are not the only maps used to describe the terrain they 
study and that careful use of language is necessary to avoid misunderstand-
ing (Sankar and Cho, 2002, p. 1338).

Other studies have focused on why it is difficult to effect change. For 
example, Caulfield et al. (2009) underscore how researchers work within 
structures that have been defined by the complex history of race and insti-
tutional racism. The obstacles they highlighted were the requirement to use 
federal directives like the OMB Directive 15 categories of race and ethnicity 
for reporting; the media’s tendency to simplify scientific findings and use 
race and ethnicity as proxies without explaining how the social categories 
relate to the research design and results; and the qualities of race, its flu-
idity, ambiguity, and contingency, which make it difficult to define neatly 
(Caulfield et al., 2009). 

The appropriate use of population descriptors in genomics research is 
a global issue, not one limited to the United States (Mir et al., 2013). Fol-
lowing a series of workshops held in 2011 and 2012 in Japan, attendees 
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noted that continental labels, such as European, African, and Asian, are 
tremendously broad, and that among Japanese researchers at the workshop, 
there was no consensus on what populations should be called Asian. The 
authors also pointed out, as have others, that when samples are given con-
tinental labels but are drawn from limited and specific groups, and there 
is no attempt to account for the “significant diversity within each region,” 
then the findings may not generalize to the larger group (Takezawa et al., 
2014). They closed with recommendations that echo many of those from 
other researchers around the world, among them

• Respect cultural preferences in labeling processes, and use names 
that reflect ethnic or cultural backgrounds as much as possible.

• Use categories that are more specific to avoid misinterpretation of 
results as emphasizing “racial” categories.

• Underscore that genetic and trait differences among populations do 
not reflect discrete differences but rather frequency or probability. 

• Develop a clear summary of research findings to aid journalists in 
reporting appropriate population descriptors. 

In 2016, the National Human Genome Research Institute and National 
Institute on Minority Health and Health Disparities (NIMHD) hosted a 
workshop on the use of race and ethnicity data in biomedical and clinical 
research and how the data are and should be applied to research on minor-
ity health and health disparities (Bonham et al., 2018; NIMHD, 2017). A 
partial summary of the workshop’s themes and recommendations includes

• Collect data across multiple dimensions, including self-identified 
race and ethnicity, race and ethnicity description by others, how 
individuals perceive others to view their race and ethnicity, self-
identified ancestry, and genetic ancestry.

• Update OMB categories, including disaggregating South Asian 
from other Asian, adding categories to describe individuals from 
the Middle East/North Africa, adding a category for individuals 
native to the United States, including an option for multiracial 
description, adding parent and grandparent self-identified race and 
ethnicity, including variables to capture sociodemographic data, 
and updating questions that capture information related to histori-
cal racial narratives.

• Educate the public on the purpose of, and misconceptions about, 
data generated from race-associated biomedical genomics research 
and distinguish genetic ancestry data from sociopolitical or cultur-
ally based racial self-identification. Consider ways to improve clini-
cian and medical student education in human population genetics. 

• Work to improve the accessibility and comparability of race and 
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ethnicity data via the standardization of analysis, tagging, and data 
reporting; harmonization of methods for data collection, analysis, 
and reporting; communication of community-based research in-
corporating race and ethnicity data with study participants; and 
collaborative efforts to standardize race and ethnicity descriptors 
in electronic health records (NIMHD, 2017).

In concluding their 2018 paper, Bonham et al. (2018) noted: 

Genomic knowledge has not changed the need to move beyond the misuse 
of social categories of race and ethnicity as a proxy for genomic variation. 
The challenge that scientists and medical journal editors must address is 
how to report human genomic variation without inappropriately describ-
ing racial and ethnic groups as discrete population groups (p. 1534).

The National Heart, Lung, and Blood Institute Trans-Omics for Preci-
sion Medicine (TOPMed) program collects and analyzes whole-genome 
sequencing and other -omics data (e.g., RNA, proteins, metabolites) with a 
wide range of basic and clinical data on heart, lung, blood, and sleep dis-
orders. The program has over 180,000 participants, of whom 60 percent 
are of non-European descent.9 TOPMed researchers have recently provided 
recommendations on using and reporting population descriptors for race, 
ethnicity, and ancestry in genomics research, including ones that acknowl-
edge the expanding global nature of genomics research and the current 
focus in the United States on reckoning with racism (Khan et al., 2022): 

• Avoid using U.S. racial categories to describe study participants not 
in the United States.

• Retain detailed population data, if possible, rather than lumping 
individuals in broader categories early on in the process.

• Understand the potential benefits and harms of analyzing popula-
tions before deciding whether to conduct or how to conduct the 
study.

• Recognize the interdisciplinary work already being done on health 
care disparities when using these as a justification for genomics 
research.

• Follow community preference and study-specific reporting guide-
lines when describing study populations.

9 For more information on TOPMed see https://topmed.nhlbi.nih.gov/ (accessed December 
9, 2022).
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Despite these and many other efforts, there has been little significant 
change in the confusing and damaging uses of race, ethnicity, and ancestry 
as population descriptors in genetics and genomics. In particular, scientists 
continue to debate whether race is a useful proxy for unmeasured biological 
differences in human beings—a debate that is fueled by deeply embedded, 
and often unexamined, biological concepts of race (Nelson et al., 2019; 
Wagner et al., 2017). Furthermore, scientists are part of a research enter-
prise whose members (e.g., journal editors, funders, research institutions) 
to date have failed to effectively coordinate their efforts in developing and 
implementing transformative policies and practices. Success requires a col-
lective will to confront and resolve the inevitable challenges, change current 
ways of thinking and doing, and enrich science and society. The committee 
suggests a path forward in this report. 

WHY IS THIS STUDY IMPORTANT?  
WHY ANOTHER STUDY? WHY NOW?

While this history of prior attempts to address population descriptors 
may create some skepticism about the usefulness of another report aiming 
to create best practices for this complex area, there are several reasons that 
this is a particularly opportune and important moment to offer concrete 
guidance to the research community.

Research using human genetic data has grown exponentially over the 
last decade. Moving from a field largely populated by geneticists, the use 
of genetic information is now widespread across biomedical research and 
requires new thinking by all researchers. In addition to a general apprecia-
tion of the importance of genetic variation in human disease and health, 
and the reduction in the cost of and widespread access to genomic technolo-
gies, this growth has occurred in part by major investments in large-scale 
studies, many of which have genomic sequence data available. With this 
growth, genetics research is now conducted by a wide range of investiga-
tors—many of whom have a limited understanding of the rationale and use 
of population descriptors in human genetics, particularly its history—both 
exacerbating the risk of misuse of such descriptors and creating an impor-
tant opportunity to implement substantive changes. Projects such as NIH’s 
All of Us Research Program, the Million Veteran Program, and many others 
will further democratize access to genomic data for clinical research and 
accelerate this transformation. While some early genetics research included 
groups of individuals that have relatively high genetic and environmental 
similarity (e.g., inhabitants of Iceland, Amish residents of the United States) 
or conducted pedigree studies (Francomano et al., 2003), recent large-scale 
efforts are enrolling more cosmopolitan and a more diverse set of popula-
tions (Morales et al., 2018; Zhou et al., 2022), raising more questions about 
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how best to represent their diversity in the study data. Clear guidance about 
the use of population descriptors is therefore urgently needed before the 
mistakes of the past are baked into this new era of genetics research.

With this growth in genetics research has come the development of 
more advanced methods of understanding and describing population struc-
ture and variation, as well as a growing clarity about the contribution of 
such methods to elucidating the relationship between genetic variation and 
human traits and health outcomes. Methods to assess genetic similarity and 
infer genetic ancestry have been developed as have nongenetic approaches, 
such as geospatial mapping of study participants to states/provinces, cities, 
and neighborhoods. These advances have been accompanied by the growing 
recognition of the importance of social and physical environmental factors 
in health generally, and in modifying the relationship between genotype and 
disease more specifically (All of Us Research Program Investigators, 2019; 
Davidson et al., 2022). The importance of these factors has led to new 
efforts to develop and implement environmental measures in many fields, 
including in genetics.

These advances have not been accompanied, however, by new ap-
proaches to the use of population descriptors in genetics and genomics 
research. In the absence of a strong and widely disseminated conceptual 
framework to guide the use of population descriptors, researchers often 
assume that the only issue is one of finding the “correct” nomenclature for 
the groups whose data they analyze. This report aims to break new ground 
by distinguishing on one hand the fundamental conceptual decisions that 
genetics researchers must grapple with explicitly when they employ popu-
lation descriptors, from the choices of terminology they face on the other 
hand. In other words, the committee emphasizes that scientists must get the 
descent-associated concepts right—that is, have a clear understanding of 
what these descriptors represent and a rigorous rationale for using them—
before selecting the appropriate group categories and labels to work with. 
Without a deliberate, reasoned, and transparent deployment of population 
descriptors, human genetics and genomics studies are likely to fall into the 
same trap as in the past—namely, unwarranted typological thinking that 
reinforces long-standing prejudices about the characteristics of descent-
associated groups.

Since 2020, the U.S. scientific community has become more attentive 
to the urgency of addressing racism and the lack of diversity in science as 
well as the admission that little progress has been made in making science 
accessible and relevant to a more diverse citizenry (Yudell et al., 2020). 
Research universities embarked on efforts to address diversity, equity, and 
inclusion in their scientific and educational programs. The social construct 
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of race, the role of intersectionality, and the fundamental effect of racism 
on all aspects of science and medicine have become parts of faculty train-
ings at many institutions (Dupree and Boykin, 2021; Holdren et al., 2022; 
Kossek et al., 2022). 

Journal editors recognized the problems of using racial labels in re-
search studies, with growing calls for eliminating the use of high-risk proxy 
measures (Flanagin et al., 2021; Nature Human Behaviour, 2022). The call 
to remove race from clinical prediction models, like glomerular filtration 
rate, spread rapidly because of the attention to the danger of false assump-
tions about innate racial differences and resulting harms to patients (Vyas 
et al., 2020). Recognition by the U.S. biomedical research community of the 
need to address the complex and important issue of population descriptors 
in genetics research has never been greater.

This Report’s Audience

Given the charge, the committee notes that the primary audience for 
the report is researchers who use genomic data. However, the committee 
recognizes that many of the recommendations and concepts presented in 
the report will be beneficial to the broader biomedical and social science re-
search communities. One of the foundational tenets of the report is the need 
for all researchers to be intentional about which population descriptors they 
choose and how they use and describe descriptors in their research. Further-
more, research is increasingly multidisciplinary; thus, the recommendations 
in this report could be useful for investigators interested in using biological 
data that may not necessarily have a genetic component. The chapters of 
the report reflect the complexity of the task the committee was charged with 
and the report’s diverse audience. Chapter 5 includes a somewhat technical 
discussion on how to select appropriate population descriptors for genetics 
research, and there, the primary audience is genetics and genomics research-
ers. Chapters 3 and 4 focus on guiding principles to support trustworthy 
research and requisites for change that could facilitate implementation of 
the recommendations in the report. The committee notes that these two 
chapters are intended for a more general audience. Finally, to achieve last-
ing change, the recommended actions in the report will need support from 
a broad and multidisciplinary group of relevant parties. Chapter 6 includes 
recommendations for implementation and highlights the roles that study 
participants; funders of genetics and genomics research; professional societ-
ies and research journals; journalists, media, and researchers; and research 
institutions can play in conjunction with researchers to operationalize the 
report’s recommendations.
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WHAT IS THE GOAL OF THIS REPORT?

Given this background, the committee was asked by NIH to review and 
assess the existing methodologies, benefits, and challenges in using race, 
ethnicity, and other population descriptors in genomics research (see Box 
1-2 for the full statement of task). Fourteen different institutes, program, 
and offices within the NIH sponsored and funded the study. The statement 
of task focuses on understanding the current use of population descriptors 
in genomics research; examining best practices in the use of race, ethnicity, 
and genetic ancestry as population descriptors; and identifying how best 
practices in the use of population descriptors could be widely adopted 
within the biomedical and scientific communities to strengthen genetics 
and genomics research. The statement of task identifies four areas that 
are beyond the scope of this consensus study: examining the use of race 
and ethnicity in clinical care; examining racism in science and genomics; 
examining the use of race and ethnicity in biomedical research generally 
(e.g., beyond nongenetic and genomics research); and providing policy 
recommendations to NIH and government agencies. To accomplish the 
task, the National Academies convened a committee of 17 members repre-
senting diverse expertise areas including human genetics; clinical genetics; 
population genetics; statistical and computational genetics and genomics; 
historical, ethical, legal, and social implications research; sociology and 
anthropology; and demography and population statistics (see Appendix E 
for the committee biographical sketches). 

During the committee’s first open meeting, NIH delivered the charge 
to the committee and clarified information related to the statement of task 
and the project scope (see Appendix A for the public session agendas). NIH 
specified that while it would be outside the scope of the committee’s work to 
develop recommendations for the four areas listed in the statement of task 
as being beyond the scope of this study, discussion and awareness around 
these topics are necessary to formulate thoughtful recommendations. NIH 
also clarified that while examining the use of race and ethnicity in clinical 
care is outside the scope of the committee’s work, clinical research using 
genomic data would be within the scope of the report. Furthermore, repre-
sentatives said that discussing issues such as the effects of systemic racism in 
the field of genomics could be a useful context for addressing study design 
recommendations. NIH also reiterated that the recommendations and best 
practices identified by the committee over the course of the study would 
be beneficial for the broader scientific and genomics research communities 
(as opposed to government agencies) and that the committee should have 
this audience in mind. NIH acknowledged that the consideration and use of 
population descriptors is quickly evolving in the scientific community and 
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indicated that it would be useful to identify a framework and principles for 
considering race, ethnicity, and other population descriptors in genomics 
research.

The statement of task emphasizes the use of appropriate and valid 
population descriptors in genomics research. Understanding the potential 
benefits and harms of past and current population descriptors used in ge-
nomics research is discussed at length (see Box 2-1 for key definitions). The 
committee is mindful that the use of population descriptors including race, 
ethnicity, and genetic ancestry in genomics research is currently nonstan-
dardized and is influenced by factors such as government categories and 
journal reporting guidelines. Categories of race and ethnicity, as constructs 
of social identity and culture, have had long-standing historical implications 
for individuals in the United States and globally, to the marginalization of 
some and benefit of others. Genomics research takes place within this con-
text, and social identity from one research participant to the next may vary. 
The committee is also mindful that additional variation in use of population 
descriptors is occurring in research studies outside of the United States, and 
best practices for genomics research might need to be applied differently. 
See Appendix A for details of the study methods.
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BOX 1-2 
Statement of Task

An ad hoc committee under the auspices of the National Academies of Sci-
ences, 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. Document and evaluate the variety of population descriptors currently 
used in genomics research and the potential benefits and challenges 
of changing these descriptors.

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

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

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

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

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

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

 8. Assess the scientific knowledge of the relationships among race, ethnic-
ity, and population genetic variation.

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

10. Discuss potential implementation strategies to help enhance the adop-
tion of best practices by the research community.

11. 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.

The following elements are beyond the scope of this consensus study:
• Examining the use of race and ethnicity in clinical care
• Examining racism in science and genomics
• Examining the use of race and ethnicity in biomedical research generally 

(nongenetic and genomics research)
• Providing policy recommendations to NIH and government agencies
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2

A Multiplicity of Descriptors in 
Genetics and Genomics Research

INTRODUCTION

Human populations can be described according to countless charac-
teristics: urban versus rural, for example, or smokers versus nonsmokers. 
With the use of descriptors such as ethnicity, ancestry, or race, however, the 
focus is on what can be called descent-based or descent-associated group-
ings: populations whose members are thought to share some characteristic 
that derives from their common origin.1 Many kinds of classifications fit 
this bill; clan, caste, and tribe are other examples. In short, human beings 
across the globe have devised a family of descent-associated categorization 
systems (Wimmer, 2013).

As a result, genetics researchers who deem it necessary to incorporate 
some kind of population descriptor in their work face a choice about which 
descriptor(s) to use and why. The word choice is crucial here because the in-
clusion of population descriptors in genomics must be a deliberate decision, 
not a reflex or an afterthought. Groupings of human beings are ultimately 
cultural constructs that are closely tied to historical and prevailing political, 
economic, and other conditions, and their use has the potential to have a 
deep, direct effect on the user’s ways of seeing and understanding the social 
world, specifically as it relates to research participants. 

Just as importantly, the many—at times conflicting—social meanings 
that have been attached to descent-associated groups (for example, prior 
use of inferior or superior, pure or polluted) have added erroneous con-

1 See Hollinger (1998) on “communities of descent,” Chandra (2012) on “descent-based 
attributes,” and Morning and Maneri (2022) on “concepts of descent-based difference.”
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notations to them that impede scientific understandings of human biologi-
cal variation. Certainly, the parsing of over 8 billion human beings into 
four color-coded racial categories rooted in ancient Greek humoral theory 
amounts to an exceedingly blunt tool for describing the human species 
(Hannaford, 1996). Moreover, the cultural sensitivity of human classifica-
tion schemes has led to the use of some population descriptors—such as 
ethnicity and ancestry—as euphemisms for others, notably race, which 
in turn blurs the conceptual boundaries between them and makes it hard 
to know exactly what any given descent-associated term is intended to 
represent.

Accordingly, this chapter presents multiple descent-associated popula-
tion descriptors and offers a definition of each that delineates it from the 
others (see Box 2-1 for brief definitions of relevant terms). As members of 
the broad family of descent-associated concepts, each descriptor has simi-
larities to one or more of the others, yet each also revolves around a some-
what distinct understanding of human difference and thus offers researchers 
a specific tool that is more tailored for some uses than for others. The 
committee’s objective is, then, to briefly describe the population descriptors 
that emerged from the study as most relevant to its charge and define them 
in such a way that scientists and others clearly understand what they can 
capture—or not—in genetic analyses. Note that these descent-associated 
measures have a long history of use in genetics, but the rationale for using 
them has rarely been explicit.

This chapter begins by discussing the concept of ancestry, as it is cen-
tral to all descent-associated classification and is closely tied to notions of 
inheritance. Geography is considered next, as it is an equally integral—if 
less often explicitly recognized—element in the conceptualization of de-
scent-associated groupings. After these two fundamental building blocks, 
the chapter delves into three population descriptors that are prominent in 
the United States and which all build on ideas of ancestry and geography: 
ethnicity, indigeneity, and race. Of note, some of these descriptors have 
multiple dimensions themselves: geography can refer to place of birth, 
residence, or ancestral origin; ethnicity might be measured by language, 
dialect, or religion, for example. Hence it is important to think clearly about 
the myriad possibilities for population descriptors and make a reasoned, 
deliberate choice when conducting genomics research. 

In addition, this chapter considers the conceptualization and inclusion 
of environmental variables in human genetics and genomics research. As 
noted in Chapter 1, most phenotypes are the result of interplay between 
genetic and environmental factors. Human beings might be categorized, for 
example, according to their exposure to environmental pollutants and thus 
their risk for asthma. In other words, environmental factors may lead to the 
identification of different populations, such as high risk and low risk, that 
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BOX 2-1 
Key Terminology and Definitions

Ancestral recombination graph: for a set of individuals, the graph depicting the 
genetic ancestry lines (or paths) that trace back to their common genetic ances-
tors at every position in the genome.

Ancestry: a person’s origin or descent, lineage, “roots,” or heritage, including 
kinship. Examples of ancestry group labels include clan names or patronyms, 
but geographic, ethnicity, or racial labels are often used to denote groups whose 
members are presumed to share common ancestry.

Environment: the complex of physical, social, cultural, chemical, and biotic fac-
tors that act upon a person.

Ethnicity: a sociopolitically constructed system for classifying human beings ac-
cording to claims of shared heritage often based on perceived cultural similarities 
(e.g., language, religion, beliefs); the system varies globally.

Genealogical ancestors: the set of biological ancestors in an individual’s family 
tree or pedigree, including parents, grandparents, great-grandparents, etc. Not all 
of an individual’s genealogical ancestors are their genetic ancestors, that is, have 
contributed DNA to that focus individual; in fact, most did not.

Genetic ancestry: the paths through an individual’s family tree by which they 
have inherited DNA from specific ancestors. Genetic ancestry can be thought of in 
terms of lines extending upwards in a family tree from an individual through their 
genetic ancestors (see Figure 2-1). Shared genetic ancestry arises from having 
genetic ancestors in common (that is, overlapping lines of ancestry). For a set of 
individuals, a fundamental representation of genetic ancestry is a structure called 
an ancestral recombination graph. In practice, shared genetic ancestry is typically 
inferred by some measure(s) of genetic similarity.

Genetic ancestry group: a set of individuals who share more similar genetic 
ancestries. In practice a genetic ancestry group is constituted based on some 
measure(s) of genetic similarity. Once a set is designated as a genetic ancestry 
group, its members are often assigned a geographic, ethnic, or other nongenetic 
label that is common among its members.

Genetic similarity: quantitative measure of the genetic resemblance between 
individuals that reflects the extent of shared genetic ancestry. 

Population: a group of humans that is identified by a selected dimension or 
characteristic (or set of dimensions or characteristics) for the purposes of analy-
sis; this definition does not assume that all the group’s members are identical or 
homogenous.

Population descriptor: a concept or classification scheme that categorizes 
people into groups (or “populations”) according to a perceived characteristic or 
dimension of interest. A few examples are race, ethnicity, and geographic location, 
although this is a non-exhaustive list.

Continued
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researchers consider meaningful for their analyses. Although environmental 
factors are distinct from genetic ones, their joint and interactive effects on 
phenotypes compel us to consider them simultaneously. The final section of 
this chapter explores the inclusion of environmental variables in genetics re-
search, which could be used independently or along with other descriptors. 

A RANGE OF DESCENT-ASSOCIATED  
POPULATION DESCRIPTORS 

Ancestry 

Each person has a family tree, a set of biological ancestors consisting 
of their parents, grandparents, great-grandparents, and so forth. These re-
cent genealogical ancestors are often of interest for their sociocultural and 
biological heritage. Going back in time, their number rapidly balloons and, 
because there have been only so many people on the planet, the genealogi-
cal ancestors of one person quickly begin to overlap with those of another 
(Figure 2-1). By several thousands of years ago, all modern humans likely 
share all their genealogical ancestors (Rohde et al., 2004). In other words, 
modern humans are all embedded within the same enormous family tree, 
with some members more closely related than others (Figure 2-1).

For a given individual, most of their remote genealogical ancestors did 
not transmit DNA to them. In fact, only a tiny subset of a person’s genea-
logical ancestors many generations back are also their genetic ancestors 
contributing DNA. At a given position in the genome, a person carries two 
copies of DNA, inherited from only two of their many genealogical ances-
tors: for example, they might carry their paternal grandfather and their 
maternal grandmother’s DNA. Which genealogical ancestors contributed 
DNA changes along the genome. These changes result from two processes: 
the fact that only half of the genetic material of a parent is transmitted 
to an offspring and because the transmitted material is itself the result of 
recombining the parental DNA. Each person’s genome is thus a mosaic 

BOX 2-1 Continued

Race: a sociopolitically constructed system for classifying and ranking human 
beings according to subjective beliefs about shared ancestry based on perceived 
innate biological similarities; the system varies globally.

See Appendix B for further comments, definitions, and citations.
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of DNA segments inherited from a small subset of genealogical ancestors 
(Donnelly, 1983).

As a result, a person’s genetic ancestry can be thought of in terms of 
lines extending upwards from one ancestor to another in the family tree 
(see Figure 2-1). From one position in the genome to another, these lines 
through the family tree will differ, owing to recombination, traversing a 
distinct succession of genealogical ancestors. When comparing the genetic 
ancestry of two individuals, the lines of inheritance will coalesce quickly 
at some positions and remain distinct for longer times at others (Hudson, 
1990; Wohns et al., 2022). Segments of the genome inherited by two or 
more people from the same relatively recent ancestor are referred to as 
“identical-by-descent” (Thompson, 2013). 

Individuals in greater geographic proximity will tend to share more 
lines of ancestry through their family tree (Coop Lab, 2017b). Eventually, 
all modern humans will share a genetic common ancestor at any given 
position in the genome. For a set of individuals, the genetic ancestry lines 
that trace to the common ancestor at every position in the genome comprise 
the ancestral recombination graph (Hudson, 1990; Schaefer et al., 2021), 
which can also be understood as a sequence of inheritance paths, called 
gene “trees” for each segment of the genome (Kelleher et al., 2016; Wiuf 
and Hein, 1999) (see Figure 2-1 inset). The genetic ancestries of all humans 
today, no matter how or where they are identified, are embedded within 
this giant graph. 

As this brief summary clarifies, any description of the genetic ancestry 
of an individual entails a decision about the relevant time depth at which to 
describe it. For example, given the repeated mixing and long-range migra-
tions that have characterized all human evolution (Reich, 2018), individuals 
living in close proximity in Europe today, who might be characterized as 
of some particular regional ancestry or of “European ancestry,” trace much 
of their genetic ancestry also to both central Asia and the Middle East only 
8,000 years ago (Haak et al., 2015), and farther back in the past their ge-
netic ancestors lived in Africa (Wohns et al., 2022). Therefore, referring to 
people with recent genealogical or genetic ancestors in Europe as “white” 
or of “European ancestry” and people with recent genealogical ancestors 
in Africa and often Europe as “black” or of “African ancestry” is incom-
plete, incorrect, and misleading. Similarly, any geographic or ethnic labeling 
requires that decisions be made about the appropriate level of resolution 
necessary for a study. In many current studies, individuals have been defined 
in terms of continental ancestry on a timeframe before the past 600 years, 
e.g., before the onset of European global colonialism and its associated 
voluntary and forced population movements, admixture, and the large-scale 
institution of enslavement.
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FIGURE 2-1 Visualization of genealogical vs. genetic ancestry. Genealogical (pedi-
gree) ancestors over time are shown as family tree structures extending into the past 
(upward) for three present-day individuals sampled from different places around the 
world. Only a subset of genealogical ancestors contributes genetic material to the 
living individuals; these genetic ancestors and the lines of genetic transmission con-
necting them are indicated with bolded lines (yellow, green, red) for three exemplar 
genetic loci (see also inset). Moving back in time, all three individuals eventually 
share their genealogical ancestors and their genetic ancestors. As indicated, the 
overlap between family trees that indicate genealogical ancestors happens much 
more recently than the common ancestor events in the “gene trees” that describe the 
relationship of genetic ancestors. Who is most closely related genetically to whom 
varies along a genome, as shown in the inset panel. The inset also demonstrates 
how mutations that occurred in the past, during the transmission of DNA from 
one generation to the next, lead to observable changes in DNA today and result in 
greater or less observed genetic similarity between individuals.
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These difficulties are compounded when ascribing population descrip-
tors to groups, as boundaries need to be imposed to divide into bins people 
who share both genealogical and genetic ancestors. A common approach 
is to define genetic ancestry groups by first forming clusters of individuals 
of sufficient genetic similarity based on some genetic measure (e.g., using 
ancestry proportion inference, see Rosenberg et al., 2002, or principal com-
ponent analysis, see Reich et al., 2008). These genetic groupings are often 
then labeled by reference to a nongenetic property that is common in the 
group, such as a particular geographical origin or ethnicity. Much of the 
challenge of population descriptors arises from this practice of associating 
nongenetic terms to clusters of genetically similar individuals and doing so 
inconsistently within and between studies.
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The population descriptors by which individuals are grouped some-
times derive from conceptual constructs used in statistical models. For 
instance, many statistical methods to infer clusters or groups posit the 
existence of discrete populations with distinct patterns of genetic varia-
tion from which individuals derive their genetic ancestry (Pritchard et al., 
2000). For analytic convenience, these populations are often assumed to 
be unstructured, randomly mating groups of individuals, even when such 
conditions are rarely met in reality. When assuming discrete populations, it 
may be difficult to model an individual’s ancestry as arising from a single 
population; individuals that are modeled as having ancestry from more 
than one population are often labeled as “admixed” (Falush et al., 2003; 
Pritchard et al., 2000). Similarly, when a set of individuals is inferred as 
deriving ancestry from more than one population, that group is sometimes 
described as an “admixed population,” although individuals within that 
group may and often do have different degrees of admixture (Lipson et al., 
2013; Patterson et al., 2012; Pickrell and Pritchard, 2012).

The concept of admixture carries with it a number of conceptual and 
interpretive challenges. On one hand, it may be useful for reflecting when 
an individual or population has lines of ancestry that trace back to multiple 
distant geographic origins on a recent timescale: for example, in describ-
ing individuals from Central and South America whose ancestry 600 years 
ago traces to individuals mostly living in western Europe, west Africa, and 
Central/South America. A difficulty, however, is the often-implicit assump-
tion of timescale. All humans are admixed, in the sense of having genetic 
ancestors that lived in different geographic regions at different times. But 
not everyone is recently admixed: for some, ancestry lines will trace back 
to geographically distant ancestors within a few generations whereas for 
others, the same process occurs on a longer timescale. A further challenge 
is that admixture is almost always framed in terms of modeling constructs 
of “source populations,” which may erroneously imply the existence of 
homogeneous populations in the past. An example of the problem is when 
describing individuals as admixed between African and European ances-
tries, when neither label refers to a genetically homogeneous grouping or 
one that is well defined or even stable over evolutionary time. Thus, an 
unexamined discussion of admixture can lend itself to racialized thinking. 
The persistence of such thinking in genetics owes in part to the fact that ad-
mixture models have been useful in genetic disease mapping (Chakraborty 
and Weiss, 1986; Freedman et al., 2006; Pritchard et al., 2000): the models 
are approximately correct for gene mapping despite the assumptions being 
precisely wrong.

While genetic ancestry is often the descriptive framing used by research-
ers to describe individuals or groups in their samples, “most statements 
about ancestry are really statements about genetic similarity” (Coop, 2022; 
Mathieson and Scally, 2020). Individuals that share more paths through 
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the family tree will have accumulated fewer genetic differences between 
them, and thus on average will have more similar genotypes. This genetic 
similarity is observable using genotyping and sequencing technologies, and 
so direct observations of genetic similarity provide an indirect reflection 
of the ancestral recombination graph and the family trees in which it is 
embedded (see Figure 2-1 inset). Genetic similarity is thus informative 
about genetic ancestry and, to a much lesser extent, genealogical ancestry, 
but the relationship among the three concepts is complicated (Coop, 2022; 
Coop Lab, 2017a) (see Figure 2-1). Moreover, in practice, researchers are 
often interested only in genetic similarity—such as when assembling study 
participants for a genome-wide association study—rather than in ancestry 
over different time periods, and use ancestry labels only as shorthand, at 
the risk of considerable confusion. 

Geography

In surveys of human genetic diversity, a broad correlation is typically 
observed between genome-wide genetic similarity and geographic proxim-
ity (Rosenberg, 2021). It is no surprise then that ancestry, whether genetic 
or genealogical, is often expressed in terms of geography. The “origins” or 
“roots” ascribed to people are routinely denoted by geographic labels, using 
for example, continents or continental regions, such as European or North 
African, or political territorial labels at the resolution of a participant’s 
country of origin, such as Brazilian or Japanese. Geographic proximity is 
also a crude surrogate for shared environment in studies of ongoing and/
or past exposures to environmental factors, whether biotic (such as patho-
gens) or abiotic (such as solar incidence). Geographic labels thus frequently 
attribute shared environmental experiences to groups, even when it is the 
individual exposures that are relevant to understanding traits. In sum, 
geography is a widely used population descriptor that stands in for more 
than one concept of human difference. Indeed, part of its methodological 
appeal may lie in its seeming to obviate making difficult choices, such as if 
and how to ascribe ethnic labels to individuals. 

Yet geography as a population descriptor presents challenges, many 
of which are similar to those related to genetic ancestry, such as questions 
of spatial and temporal resolution. For one, geography is a broad concept 
that can variously be measured by breaking it down into more precise 
indicators, such as an individual’s birthplace, their current place of resi-
dence, or the full trajectory of the locations they have lived. Alternatively, 
and especially in genetics, the interest may be in the descent-associated 
notion of geographical ancestry, that is, where an individual’s genealogical 
ancestors lived at some time point in the past. Geographical ancestry, like 
genetic ancestry, thus requires having to specify a timescale. A common ap-
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proach is to use data from parental or grandparental birthplaces to indicate 
geographical ancestry one or two generations into the past (Fujimura and 
Rajagopalan, 2011). 

Regardless of the precise geographic location of interest, one common 
challenge when using geographic population descriptors is how to describe 
locations. While latitude and longitude can be used in plots and maps, 
often in a genetics or genomics study, a researcher may wish to find place 
names to describe a set of geographical locations concisely. This raises the 
question of how to bin geographic locations together into labels. Various 
approaches are taken, from using contemporary or past borders of political 
entities, to referring to features of physical geography. This decision process 
also raises the issue of spatial resolution. Should the inhabitants of Palermo, 
for example, be referred to as Sicilian, Italian, Mediterranean, or European?

Of the many options for describing the geography of a sample using 
population labels, continental-scale summaries of geographic locations are 
among the most commonly used. Continental-scale population descriptors 
are problematic for two main reasons: the heterogeneity that exists within 
continents along nearly any dimension of interest, and the important fact 
that continent boundaries have no relevance for genetics studies. As exam-
ples, neither the classical divide of Asia and Europe in the Bosporus Strait 
nor separating Asia and Africa at the Suez Canal are meaningful indicators 
of genetic ancestry. The use of continents as a unit of analysis is arguably 
part of a larger intellectual tradition of mistakenly viewing continents as 
homogenous units (Lewis and Wigen, 1997). 

Researchers may also face logistical challenges when trying to apply 
geographic population descriptors. They often have access to only a single 
self-reported location or one sampling location (like place of residence), 
but it may not be the location that is most relevant to address the study 
question (for example, birthplace). Or sometimes a geographic location is 
imputed from a group label, which inevitably misrepresents geographic 
origins. For example, for the purposes of carrying out a geographic analysis, 
a researcher might use the geographic center of France for all individuals 
labeled as French. In other cases, a geographic location will be intentionally 
coarse-grained to preserve privacy and hinder de-anonymizing individual-
level data (e.g., the use of postal codes to represent geographic locations 
versus providing precise latitude and longitude). Whether such practices 
are problematic will depend on the type of analysis and the sensitivity it 
has to errors. 

Finally, the fact that geography is often understood through the filter 
of geographical ancestry in many areas of genetics may lead to conceptual 
slippages. For example, in representations of the geography of human 
genetic variation, samples are often projected on maps according to the 
location of inferred ancestors rather than on the sampling location, such 
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as placing the CEPH sample of Utah individuals (CEU) in the category of 
Central European ancestry, or the Gujaratis sampled in Houston (GIH) in 
South Asia in figures showing 1000 Genomes data (1000 Genomes Project 
Consortium, 2015). This slippage may be unimportant for questions related 
to understanding the genetic history of particular sets of peoples, but it is 
problematic in research in which geography is a proxy for environmental 
exposures. As another example, the People of the British Isles project de-
scribes the population genetic history of those people of the British Isles 
with recent ancestors from the British Isles,2 leaving aside for future work 
understanding the histories of all individuals on the British Isles with recent 
ancestors from other parts of the world, such as immigrants from South 
Asia. Such approaches have implications for equity—by focusing on one 
geographic ancestry, a subset of participants is excluded from analyses. 
Another related limitation of geography as a population descriptor is its 
incompleteness. Individuals living within the same geographic area may be 
highly heterogeneous socially, ethnically, environmentally, and in terms of 
genetic ancestry. As with the use of genetic ancestry as a population descrip-
tor, careful consideration of the intended uses of a geographic descriptor is 
essential in every genomics study.

Ethnicity

Ethnicity is often mentioned alongside race without clarifying the re-
lationship between the two. Although the frequent expression race and 
ethnicity suggests they are separate concepts, it is not unusual for them to 
be treated as synonyms (or combined in the adjective ethnoracial) (Ma-
linowska and Żuradzki, 2022). Their shared association with descent fa-
cilitates this elision, as does the not uncommon desire to find a substitute 
term for race.

Despite certain resemblances, the terms ethnicity and race have distinct 
conceptual histories and connotations. While the race notion was formed 
prior to the twentieth century, the idea of ethnicity was popularized in the 
early 1900s to capture differences between European-origin groups in the 
United States (Hattam, 2004). In this context, ethnicity was intended ex-
pressly to mean something other than race: linguistic, religious, and other 
cultural group markers as opposed to the physical traits that supposedly 
demarcated races. 

Ethnicity then can be defined as a sociopolitical system for classifying 
human beings according to claims of shared heritage that are largely based 
on perceived cultural similarities (e.g., of language, dress, foodways, reli-

2 University of Oxford. n.d. People of the British Isles: Population genetics and facial genet-
ics. https://peopleofthebritishisles.web.ox.ac.uk/home (accessed October 19, 2022).
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gion) (Cornell and Hartmann, 2007). Its similarity to race stems from the 
common claims to delineate descent-associated groups, but where racial 
boundaries have historically been closely tied to supposed biological traits, 
ethnic groupings are more tightly linked to perceived cultural practices, 
norms, values, and beliefs (Cornell and Hartmann, 2007).

The frequent conflation of race and ethnicity, however—in the United 
States and elsewhere (Wimmer, 2013)—means that ethnic groups may be 
racialized (e.g., ascribed ostensibly racial characteristics, for example in the 
case of Hispanics/Latinos in the United States), and racial groups can be 
ethnicized (e.g., Asians being ascribed broad cultural similarities). 

The tendency for race and ethnicity—broadly understood as physical 
and cultural difference—to be intertwined when thinking about the groups 
that are seen as descending from shared roots means that they are perhaps 
more distinct in their abstract definitions than they are in everyday language 
and practice. It is useful, then, to draw a distinction between the separate 
logics at their core in order to clarify the concepts of difference that are in 
play when researchers design and assess genomics research.

The type of group that is recognized as an ethnicity varies widely. In 
the United States, descendants of voluntary immigrants are perhaps the 
most likely to be labeled as ethnic groups: hence Italian Americans, Ko-
rean Americans, and Cuban Americans, for example, are considered ethnic 
groups (Cornell and Hartmann, 2007). Although African Americans could 
also be said to constitute a culturally distinct ethnic group, their long and 
profound history of racialization3 as black has tended to preclude recogni-
tion as an ethnic community (Clergé, 2019; Waters, 1990). However, as 
the African-descent population of the United States becomes increasingly 
diverse in terms of its migration background (Clergé, 2019; Hamilton, 
2019), African Americans are likely to come to be better understood as an 
ethnic group distinct from, say, Haitian Americans or Nigerian Americans. 

Another form of ethnicity that tends not to be recognized as such in 
the United States is indigeneity; instead, the language of nations and tribes 
endures to describe the wide variety of native North American groups that 
are heirs to distinct languages and traditions. The next section explores 
indigeneity in greater detail, but here the committee wishes to contrast 
the U.S. tendency to distinguish ethnicity from indigeneity, when outside 
the United States, ethnicity may often denote groups that are considered 
indigenous to a given territory. Worldwide, then, ethnicity is not limited to 
a product of migration.

The United States is also unusual for its official system of ethnoracial 
classification (OMB Statistical Directive 15), which recognizes only one 

3 Racialization is the process through which groups defined by attributes or characteristics 
such as skin color, customs, etc. come to be understood as distinct biological entities and hu-
man lineages (Hochman, 2019).
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ethnicity today: Hispanic or Latino identification. Normally, official ques-
tions about ethnicity—notably, as they appear on national censuses—offer 
respondents a wide range of options from which to choose. The 2021 Cana-
dian census, for example, instructs respondents to indicate as many “ethnic 
or cultural origins” as applicable and provides a link to a list of more than 
500 examples.4 This report does not adopt the OMB’s equation of ethnic-
ity with Hispanicity, but rather it uses the term to denote inclusive and 
comprehensive classification schema that recognize multiple ethnic groups. 

One of the most common ways in which geneticists have incorporated 
ethnicity in their research is through the inclusion of linguistic information 
(Barbujani and Sokal, 1990; Cavalli-Sforza et al., 1988; Wang et al., 2007). 
As Cavalli-Sforza (1997) contended in his study of human genetic history:

Most patterns found in the analysis of human living populations are likely 
to be consequences of demographic expansions, determined by techno-
logical developments affecting food availability, transportation, or military 
power. During such expansions, both genes and languages are spread to 
potentially vast areas. In principle, this tends to create a correlation be-
tween the respective evolutionary trees. The correlation is usually positive 
and often remarkably high. (p. 7719)

Linguistics thus often marks the migration of populations across geo-
graphic space, as language is something they “carry” with them. As is 
demonstrated by Western-Hemisphere societies in which such European 
languages as English and Spanish predominate even though large swathes 
of their populations trace their roots outside Europe, mother tongues do not 
necessarily mirror ancestral origins. The reach of language as a reflection of 
descent is therefore time sensitive, a factor that must be taken into account 
by researchers who wish to use linguistic data as a measure of ethnicity. 

Linguistic patterns are also likely to deviate from other descent-as-
sociated population descriptors. But to the extent that a researcher may 
wish to capture an ethnic sense of belonging; gauge familiarity with the 
worldviews, norms, and values expressed through a particular language; or 
link exposure to particular ethnic practices or institutions, language may 
be of real use as a descent-associated population descriptor. In data collec-
tion from living individuals, information on language usage and fluency 
may be self-reported (or assessed by an external evaluation), whereas the 
genetic investigations of human evolutionary history that have effectively 

4 See Canada’s long-form 2021 questionnaire at https://www.statcan.gc.ca/en/statistical-
programs/instrument/3901_Q2_V6, and its Examples of Ethnic or Cultural Origins at https://
www12.statcan.gc.ca/census-recensement/2021/ref/questionnaire/ancestry.cfm (both accessed 
December 13, 2022).
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incorporated language data have tended to rely on classifications developed 
by linguistic experts (Tishkoff et al., 2009). 

In summary, using ethnicity as a population descriptor has the ad-
vantage of offering myriad ways to capture it—and thus the challenge of 
selecting and justifying the choice from among many options. As is true 
of other descriptors considered in this report, it requires the researcher to 
reflect carefully and precisely on the mechanism they wish to explore and 
to collect the data that best measure the variable(s) they have in mind.

Indigeneity

The term Indigenous is generally applied to peoples who retain a histor-
ical link to precolonial societies in a given place or region (Martínez Cobo, 
1987). Its definition is complex, however, and its use and meaning may dif-
fer between local contexts. Like ethnicity, indigeneity carries connotations 
of descent-associated cultural traditions, and in some places (including the 
United States), it has been translated into racial categories that emphasize 
physical traits and political status (Gartner et al., 2021). However, the con-
cept of indigeneity is distinguished from these other population descriptors 
by its emphasis on the continuity of geographic location over time as well 
as shared culture, traditions, and other connections (Bello-Bravo, 2019).

 The social salience of indigeneity varies a great deal across the globe. 
The recognition of indigeneity seems to be more common in regions and 
countries outside Europe that have been subjected to Europeans’ relatively 
recent colonial expansions. Accordingly, the label Indigenous is rarely ap-
plied to populations within Europe itself—that is, the Sámi are the only 
Indigenous people recognized within the European Union (The Swedish 
Development Forum, 2018). Consistent with this observation, a study of 
censuses conducted around the world between 1995 and 2004 found that 
no European nation fielded a question on Indigenous or tribal status, com-
pared to 67 percent of those in South America, where it was most frequent 
(Morning, 2008).

There are also striking differences in the terminology used to refer to 
Indigenous peoples around the world (Bartlett et al., 2007). Variants of the 
term “Indian” (e.g., American Indian, indio) continue to be widely used 
across the Americas to refer to Indigenous ancestries from the Western 
Hemisphere, in the biomedical literature as well as in popular parlance 
(Benedet et al., 2012; Egan et al., 2017; Goicoechea et al., 2001; Guardado-
Estrada et al., 2009; Marca-Ysabel et al., 2021; Spangenberg et al., 2021). 
Indigenous peoples in Australia are often referred to as “aboriginal” (Mala-
spinas et al., 2016; Nasir et al., 2022; Rasmussen et al., 2011), whereas 
New Zealand is more specific in recognizing the Māori as Indigenous and 
distinguishing them from other Polynesian populations in the West Pacific, 
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which are often referred to with geographic labels such as Tongan, Samoan, 
or Cook Islanders (Tätte et al., 2022; Umaefulam et al., 2022; Wang et al., 
2022). In short, the nomenclature associated with indigeneity goes from 
very broad and homogenizing groupings—such as native or Indian—that 
primarily serve to distinguish them from the non-Indigenous, to much nar-
rower, more geographically delimited ethnic identifiers such as Māori or 
Lenape (Peters, 2011). Depending on the granularity of these descriptors, 
genomics studies can have very different resolutions and interpretations, 
and, therefore, comparability to other studies.

In addition to its association with geographical rootedness over time, 
indigeneity often carries a connotation of “purity” or absence of admixture 
with non-Indigenous peoples. In such interpretations, indigeneity functions 
as a racial category, complete with the kind of references to blood quan-
tum (as in half-blood or full-blood) that played an important role in the 
development of the race concept (Gartner et al., 2021). Today, American 
Indian/Alaska Native peoples in the United States often have to prove and 
substantiate their tribal enrollment status through blood quantum in order 
to qualify for health and other governmental benefits specified by treaty 
obligations (Spruhan, 2017).

Many countries have adopted (or inherited) classification systems that 
aim to discern different degrees of mixing between European and Indig-
enous populations during and since colonial times; the castas taxonomies 
of Spanish colonies in the Americas offer a prime example (Katzew, 2004; 
Moreno Navarro, 1973). This is especially evident in areas where admixture 
was believed to lead to the “whitening”—and ultimate disappearance—of 
Indigenous peoples, releasing their lands for European occupation (Wolfe, 
2001). 

Such is the case of the term mestizo (Spanish for admixed), which is 
used across Spanish-speaking Latin America, including in the biomedical 
and genetics literature (Silva-Zolezzi et al., 2009; Wang et al., 2008). In 
colonial times, mestizo was used to refer to the offspring of Spaniards with 
Indigenous partners, and over time it has been generalized to distinguish 
almost everyone who is not Indigenous (Rodriguez Mega, 2021). Thus, as 
with other group labels, mestizo is inaccurate because it socially homog-
enizes a genetically heterogeneous group of people.

The U.S. terms American Indian and Alaska Native are broadly used to 
describe the more than 574 federally recognized tribal nations (excluding 
the state-recognized or unrecognized tribes), each of which exists as a sover-
eign entity with its own distinct culture and language (NCAI, 2020). Tribal 
nations have final determination of who they designate as tribal members, 
sometimes determined through direct familial ties, descent, or through a 
minimum blood quantum value (U.S. Department of the Interior, n.d.). The 
terms Hispanic and Latino also amount to broad single descriptors applied 
to a heterogeneous and diverse group of populations with varying degrees 
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of recent African, European, and Indigenous American genetic ancestries 
(Bryc et al., 2010, 2015). In Canada, the term Métis refers to individuals of 
mixed recent European (primarily French) and Indigenous genetic ances-
try, distinguishing them from First Nations and Inuit Indigenous peoples 
(Bartlett et al., 2007).

In other regions of the world, such as North Africa, the Middle East, 
and Central Asia, there is not a generalized term that aims to distinguish 
Indigenous from admixed peoples. Despite the high degree of admixture 
among North Africans, primarily involving Indigenous North African an-
cestry, near Eastern Arab ancestry, and European ancestry, or across Asia 
between Turkic and Mongolian groups and earlier inhabitants, Indigenous 
ancestries tend to be described in the literature by either specific geographic 
terms (e.g., Maghrebi, Qatari) or specific ethnicities (e.g., Berber, Saharawi, 
Bedouin, Hazara, Azeri) (Botigué et al., 2013; Henn et al., 2012; Koshy et 
al., 2017; Rodriguez-Flores et al., 2016). In these regions where the degree 
of European ancestry is not a focal point for describing admixture, indige-
neity is not perceived as distinct from or inconsistent with admixture. In 
self-identified Berber as well as Arab communities in North Africa, local 
populations are often described as mixtures of various Indigenous compo-
nents (Arauna et al., 2017; Lucas-Sánchez et al., 2021).

Despite the variety of conceptual and terminological approaches to 
indigeneity found around the world, a common theme is that of the sensi-
tivity of nomenclature and classification. This is not unique to indigeneity; 
other population descriptors raise similar issues. Yet labels of Indigenous 
clearly pose myriad difficulties. For one thing, the widely used term Indian 
for the original inhabitants of the Western Hemisphere is a well-known 
misnomer, even as it has been broadly used by both Indigenous and non-
Indigenous Americans (Snipp and National Committee for Research on the 
1980 Census, 1989; Snipp, 2002). In Australia, the term “aboriginal” has 
come under scrutiny for its association with a long and ongoing history 
of discrimination as well as controversial research practices (Kowal et al., 
2012). And the categories meant to distinguish admixed populations from 
supposedly “pure” Indigenous ones are, as shown previously, overly broad 
and homogenizing. 

These challenges and others make clear that researchers must employ 
population labels with great care, paying attention to their connotations 
(historical and contemporary), understanding the terms preferred by the 
groups in question, and whenever possible, engaging with the communities 
affected to arrive at descriptors that respect group self-understandings and 
self-identification. An example is the effort led by Māori researchers in bio-
banking and genetics research in New Zealand; they worked to incorporate 
Māori perspectives from the outset to provide a framework for global con-
sideration of Indigenous knowledge in describing and engaging with local 
communities (Beaton et al., 2017; Kathlene et al., 2022).
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Race

The concept of race has roots in the European project of settler-colo-
nialism and slavery and emerged gradually over the sixteenth to nineteenth 
centuries (Keel, 2018; Mahmud, 1999). Race as it is understood today de-
rives from historical and modern forms of racism and while racial thinking 
shares certain elements in common with other classification systems based 
on, say, religion or color, race differs in the specific configuration of assump-
tions made about the nature of human difference. Smedley and Smedley 
(2012) identify five ideological ingredients of the racial worldview as it 
developed in the United States:

1. All humans can be categorized into a universal set of self-evident, 
discrete, exclusive biological groups.

2. These groups are ranked hierarchically.
3. Surface-level traits used to demarcate races, such as skin color, 

reflect deeper, essential differences in cognitive, cultural, or moral 
attributes.

4. These attributes are heritable, such that essential differences remain 
stable over time.

5. These distinct groups exist in nature or are the product of divine 
creation. 

These assumptions are not unique to the United States; they also charac-
terize forms of racial classification that crystallized in other contexts of 
European settler-colonialism by the nineteenth century, such as in South 
America or Australia (Wolfe, 2016). Across these varied settings, race is 
fundamentally a sociopolitically constructed system for classifying and 
ranking human beings according to subjective beliefs about shared ancestry 
and innate biological similarities.

Race was integral to Enlightenment-era understandings of human na-
ture and helped to resolve a contradiction reflected in two competing 
elements of political and social discourse (Fredrickson, 2002; Keel, 2018; 
Roberts, 2011). On the one hand, Western political theorists and actors 
championed the principles of liberty, equality, rights, and happiness. On 
the other hand, however, their societies were deeply enmeshed in colonial-
ism and enslavement, which were enormously profitable for elites but the 
antithesis of democratic values. Theories of race resolved the contradiction 
between the discourse of liberty and the reality of slavery by inventing 
hierarchical taxonomies of fixed subdivisions, or types, of humankind, 
each with different capacities and natural stations in life. The supposedly 
superior and inferior races that Linnaeus and other early scientists described 
were not thought to possess the same rights, privileges, or even humanity—
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thus seemingly justifying the freedom of some and the subjugation of others 
(Guyatt, 2016; Morgan, 1975; Wolfe, 2016). 

The history of race, science, and society is important for contemporary 
genetics and genomics researchers to understand, because it illustrates that 
race emerged as a political project well before the development of popula-
tion genetics or the evolutionary theory that sustains it. However, including 
that history here in sufficient detail is beyond the scope of this report and 
outside the committee’s statement of task. For a deeper understanding of 
race and racism and their impacts on science and society, begin with the 
references in Box 1-1. 

The social nature of race is especially evident in the United States, 
where it was not only embedded in early governing structures like the 
Constitution or naturalization law, but where racial categories have con-
stantly evolved. The list of racial groups on the U.S. Census, for example, 
has changed nearly every decade since the first enumeration in 1790 (Figure 
2-2), with categories like “mulatto,” “Mexican,” and “Hindu” appearing 
and disappearing (Lee, 1993; Prewitt, 2005). In the early twentieth century, 
Italians, Jews, and the Irish were popularly considered to be racial groups, 
distinct from the white majority with Northern European ancestry (Jacob-
son, 1998). There have been profound disagreements in both the demarca-
tions between races and the meaning of race itself. These disagreements 
have never been only a battle of abstract ideas—or of scientific precision. 
Racial thinking emerges from historical and contemporary forms of racism 
and retains its force because of the way it buttresses political, economic, 
and social structures. 

In addition to the dynamic nature of how race is conceptualized, race 
is also a complex population descriptor because it can be interpreted and 
measured in many ways. As sociologist Wendy Roth (2016) puts it, race is 
“multidimensional,” and she identifies six broad dimensions of race:

1. “Racial identity” refers to an individual’s self-identification;
2. “Racial self-classification” describes how an individual reports 

their race in formal settings with a limited menu of options, like 
on a census form;

3. “Observed race” is the race that observers ascribe to an individual, 
based on appearance or behavior;

4. “Reflected race” is what an individual believes others take them to 
be;

5. “Phenotype” corresponds to visible physical traits that are thought 
to be indicators of racial membership; and

6. “Racial ancestry” captures the racial identities ascribed to one’s 
ancestors (as reported by family lore, for example, or inferred by 
genetic genealogy companies).
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FIGURE 2-2 U.S. Census race and ethnicity categories over time (1790–2020).
SOURCE: Pew Research Center, https://www.pewresearch.org/wp-content/up-
loads/2020/02/PH_15.06.11_MultiRacial-Timeline.pdf. Courtesy of Pew Research 
Center.
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As research on individuals’ “contested identities” shows, these 
dimensions are not necessarily aligned with each other (Vargas and 
Kingsbury, 2016). An individual who self-identifies as Asian and white 
might check off “white” alone on a survey yet be perceived as Asian by an 
observer. In the rare cases where race is used as a proxy for the experience of 
racism in health disparities studies and its genetic contributions, researchers 
should carefully consider which dimension of racial identity is best suited 
to their study objective, be mindful of which dimension of race their data 
actually measures, and be transparent in specifying it.

As these dimensions of race suggest, it is also important to indicate 
the source of racial data: are the data based on individuals’ self-reports of 
their racial identity? Or perhaps an external observers’ impressions of their 
phenotype? Equally important is acknowledging the fluidity of racial iden-
tity, making it crucial to indicate the point in time at which the data were 
collected. Liebler et al. (2017) determined that nearly 10 million individuals 
changed their racial self-classification on the U.S. census between 2000 and 
2010, making clear that race should not be presumed to be a stable per-
sonal characteristic over time. Andrew Penner and Aliya Saperstein show, 
moreover, that not only are such fluctuating racial categorizations true of 
observers’ reports as well, but that these changes in racial identification—
whether individually chosen or externally assessed—are associated with the 
social status of the individual whose race is being identified (Penner and 
Saperstein, 2018; Saperstein and Penner, 2012). 

For all these reasons (and more—see Box 1-1 and Chapter 1), race 
makes for a poor proxy of human biological variation. However, it may 
be a useful population descriptor for researchers who wish to measure a 
consequential form of social status and affiliation, in the absence of other 
data (notably, the case where race may be a proxy for the experience of rac-
ism in health disparities studies, see Chapter 5). As W.E.B. Du Bois (1923) 
famously put it, “the black man is a person who must ride ‘Jim Crow’ in 
Georgia.” This definition tells us that while race lacks the precision, rigor, 
stability, and objectivity one might hope for in a population descriptor, it 
is a social construct that speaks volumes about its time and place. Applied 
to any specific human being, however, it is a blunt instrument with which 
to infer individual social standing, economic status, or experiences of dis-
crimination (Monk, 2022). For this reason, the committee urges researchers 
to think deeply about the specific experiences, characteristics, or outcomes 
they wish to investigate, and then consider searching for or constructing 
measures that capture these more directly and precisely than race ever can.
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THE IMPORTANCE OF ENVIRONMENTAL FACTORS 
IN GENETICS AND GENOMICS RESEARCH 

This final section of the chapter touches on three topics. First, the ge-
nome does not operate in a physiological vacuum. An organism’s internal 
milieu and the external world it inhabits interact with the genome to af-
fect phenotypic expression and variability (Alon, 2006). Second, to better 
understand the interplay of genes and the environment in humans, descent-
associated population descriptors should frequently be accompanied by 
measures of the population’s relevant environment(s) in genetics studies. 
Finally, researchers are increasing the understanding of environment ef-
fects on phenotypes through studies of the epigenome—the sum total of all 
chemical modifications that occur on the DNA sequence of the genome to 
modulate the activity of genes (Felsenfeld, 2015). The epigenome can thus 
be viewed as one liaison between the environment and the genome. Hence, 
it will be increasingly valuable to incorporate epigenetic measurements into 
studies of human genetic variation.

Genes, Environments, and their Interactions

It has long been recognized that phenotypes are the result of interplay 
between an individual’s genome and their environment (Li et al., 2018; 
Seabrook and Avison, 2010; Strickberger, 1985). Breeders and farmers have 
used this knowledge for centuries to select for and breed crops and domestic 
animals with desirable traits. Genetics studies have shown us that this inter-
play is complex, dynamic, and often hard to untangle. A gene’s expression 
depends on a range of factors from an organism’s internal physiologic state 
to signals received about the immediate external milieu, as well as on the 
stage of the cell cycle and the state of the epigenome (Boyce et al., 2020). 
Importantly, the genome interacts with the environment throughout an 
individual’s lifetime to form an aggregate phenotype.

Some of the earliest genetics studies in the fruit fly Drosophila, corn, 
and the bread mold Neurospora examined the effects of the external envi-
ronment such as temperature, light, and nutrition, respectively, on the oc-
currence of mutations (genetic variants) (Strickberger, 1985). Other studies, 
including in humans, examined the effects of the internal environment as 
measured by age and sex (Strickberger, 1985). This body of literature sug-
gested two new insights: (1) some genotypes exhibit differential expression 
depending on the environment (a gene–environment interaction) (Gibson, 
2008; Smith and Kruglyak, 2008), and (2) relatives share not only genes but 
also an environment, called the shared environment, which leads to a cor-
relation of genetic backgrounds with environments (Mayhew and Meyre, 
2017). Thus, phenotypic similarity of two individuals depends on their ge-
netic variation profiles (genotypes), their shared and unique environments, 
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as well as the resulting interactions between each individual’s genome and 
their environment (see the effects on stature in Jelenkovic et al., 2016). 

So, what might be the consequence of ignoring the environment? When 
the environmental effects vary, then failing to take them into account is at 
best incomplete and more likely misleading. This might arise in two ways. 
First, the environment can vary independent of genes, as most genetics 
studies assume. Not studying the environment in this case means that the 
analysis is incomplete, and further, generalizing the effects of the genetics 
that were uncovered to new environmental settings is problematic and can 
be error prone. Second, the environment covaries with genetics so that 
interpreting the results of phenotypic similarity in terms of genetics alone 
would simply be misleading and can overemphasize its effects (Mayhew 
and Meyre, 2017).

Defining the Environment

Settling on a definition of the environment is tricky, because it is 
contextual, varies among scientific disciplines, and necessarily groups highly 
diverse concepts under one umbrella term. As Robette (2022) observes, 

One might wonder what effects the use of the term environment without 
epistemological scrutiny has on the construction of sociological objects. 
In the additive polygenic model, the environment is anything that is not 
genetic. In the context of epidemiology, the environment refers mainly to 
risk factors (diet, pollution, etc.). For sociogenomicists, the environment 
seems synonymous with the social. The use of the term without conceptual 
work thus leads to the grouping of highly diverse processes under the same 
term. (pp. 198-199)

For any given study, a researcher has to identify which environmental 
factors to examine and how to measure them accurately, as with any 
descent-associated population descriptors. 

For any given trait, only a limited number of environmental factors are 
likely at play, some of which can be gleaned from the epidemiologic literature. 
In the absence of directly measuring environmental factors, epidemiologic 
and genetics studies sometimes use race or ethnicity as a proxy for measures 
such as cultural beliefs or shared environment (Benmarhnia et al., 2021; 
Duello et al., 2021; Martinez et al., 2022). 

Social context, an attribute of the environment, influences behavior and 
interacts dynamically with biology, including genetics, throughout the life 
course to affect human health (Glass and McAtee, 2006). The social context 
or social environment can be defined as the society and physical surround-
ings and conditions in which a person lives, works, and interacts with oth-
ers. It can be measured in a variety of ways, capturing multiple dimensions 
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(Boardman et al., 2012; Duncan and Kawachi, 2018; Williams et al., 2019). 
It can be objective or perceived/self-reported and can vary in spatial scale 
depending on the boundaries set by geography and/or the researcher (Diez 
Roux and Mair, 2010; Duncan and Kawachi, 2018). Heuristically, the so-
cial environment can be classified into two broad categories, which are not 
necessarily mutually exclusive and may interact with each other:

1. Social conditions: examples include social support, social networks, 
income inequality, deprivation and poverty, education, social capi-
tal, segregation, discrimination, demographic composition, and 
violence.

2. Built or physical environment: examples include land use, green 
spaces, pollution, traffic noise, and population density.

Structural racism is a system of oppression that shapes the conditions 
and resources of the environment, such as those listed in the two categories 
above. Researchers are starting to measure structural racism using a 
combination of variables at the state and Metropolitan Statistical Area 
levels (Hardeman et al., 2022; Homan et al., 2021; Krieger, 2021). The 
concentration of racialized and ethnic groups in the United States is unevenly 
distributed owing to sociopolitical processes such as segregation and poverty 
(Williams et al., 2019); therefore, to avoid biologizing race and ethnicity, it is 
especially important to directly quantify the environment when conducting 
research aimed at understanding phenotypes that result from both genetic 
and environmental effects. This is necessary because genetic variation and 
environmental effects can be correlated or interact. Correlation occurs 
when genotypes or presumed ancestries are not randomly distributed across 
environments (e.g., ancestries of children exposed to lead-based paint in 
their homes), and interaction happens when genetic effects depend on 
the environment (e.g., phenylketonuria occurs only with phenylalanine in 
the diet). Thus, ancestry-specific or ancestry-enriched markers may show 
an excess with the developmental growth outcomes measured from lead 
exposure, but these are hardly the biological etiologic factors geneticists 
wish to discover. Some genetics studies can correct this effect in part using 
genetic markers, but the etiologic factor is lead. Yet in both examples, 
recognition of the environmental agent is central to understanding the 
outcomes and phenotypes that result from both genetic and environmental 
effects. Furthermore, for example, residential segregation and community 
demographic composition are considered in multilevel analysis to capture 
social exposures that may be embodied and affect an individual’s biology 
(e.g., psychosocial stress associated with living in a poor neighborhood 
may lead to hypertension) (Arcaya and Schnake-Mahl, 2017; Kramer and 
Hogue, 2009; Parks, 2016; Williams and Collins, 2001).
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Much of the evidence on the association between environmental factors 
and health draws on studies centered on spatially defined geographic areas. 
Some of the spatially defined areas are viewed as proxies for neighborhood. 
However, neighborhood boundaries are often inferred from administrative 
areas (e.g., census-defined geographic areas such as tracts, block groups, 
and zip codes) rather than neighborhoods defined more in terms of social 
boundaries or even ecological boundaries. Other spatially defined boundar-
ies are also possible based on proximity to the individual (e.g., the density 
of violence), and persons often cross boundaries in their daily lives, bringing 
into play multiple types of environmental influences. 

The preceding discussion emphasizes that although researchers can 
qualitatively and quantitatively measure some aspects of the environment 
related to individual research participants, this cannot, with today’s knowl-
edge, be complete. Unlike the genome, which is large yet finite and can be 
studied completely (at some level of resolution), an exhaustive character-
ization of environmental effects is not feasible. It is difficult to determine 
the critical period, the dose-response, or the specific environmental factor 
affecting the human genome. In addition, most environmental factors are 
correlated with each other as they may be determined by the same upstream 
cause, e.g., structural racism.  These limitations represent key challenges 
for the interpretation of genetics and genomics studies but compel us to 
begin to make meaningful strides toward defining the roles of selected and 
plausible common and unique environments in the traits studied, though 
admittedly, this is a much harder task for some phenotypes than for oth-
ers. Consequently, there may be merit to studies of the epigenome that can 
capture some of the cellular consequences of environmental effects even 
when the specific environment is unknown. 

Epigenetics as Environmental Sensors 

Environmental exposures can change gene expression and a consequent 
phenotype. For example, a remarkable study seeking the molecular causes 
of thalidomide embryopathy demonstrated that thalidomide phenocopies 
Mendelian genetic syndromes (Donovan et al., 2018). Starting with a previ-
ous observation that genetic mutations in the transcription factor SALL4 
led to Duane Radial Ray syndrome and Holt-Oram syndrome, the authors 
showed that thalidomide directly degrades the SALL4 protein. There are 
other compelling examples, such as induced nicotinamide adenine dinucleo-
tide (NAD) deficiency in the offspring of mice. Restricting the NAD precur-
sors tryptophan and vitamin B3 in the maternal diet during pregnancy led 
to an increased frequency of miscarriages and congenital abnormalities in 
their offspring (Cuny et al., 2020). Interestingly, recessive homozygous vari-
ants in HAAO or KYNU, two genes of the NAD synthesis pathway, cause 
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similar phenotypes in humans and mice, whereas a single copy of these 
variants that does not lead to an abnormal phenotype alone can be made 
to do so when combined with maternal diet-mediated NAD deficiency. The 
molecular basis and the developmental pathways involved are well defined, 
as they are for the etiology of congenital scoliosis (Sparrow et al., 2012). 
Taken together, these and other studies imply that (1) phenotype similar-
ity between two individuals can arise from genes only, environments only, 
genes in one and the environment in the other, or from the interactions 
between genes and the environment in the same individual, and (2) despite 
the different proximal causes, the distal molecular causes of the effects of 
environmental perturbations and those of genetic variants can converge on 
the same molecular process and the same molecules, at some rate-limiting 
step (Chakravarti and Turner, 2016).

The question is how genetic and environmental effects—two different 
proximal causes—can mediate the same outcome. The answer often involves 
the epigenome. There are two major paths to these changes. In the first, the 
genome sequence is chemically modified by DNA methylation, which alters 
the expression of genes (Allis et al., 2015). This process is both genetically 
programmed and affected by external environment factors, such as diet 
(Dolinoy, 2008). In the second, the expression of each gene is exquisitely 
controlled by RNA and protein molecules such that its transcription into 
RNA and translation into protein is monitored and that information is fed 
back to regulate the gene’s level and timing of expression (Davidson, 2010). 
This regulatory machinery, also epigenetic, involves chromatin, transcrip-
tion factors, and enhancer sequences that are bound by the transcription 
factors (Allis et al., 2015). Both types of epigenetic machinery are important 
determinants of phenotype expression (Chakravarti and Turner, 2016). This 
molecular machinery can today be defined for each human cell type and 
tissue, and its variation studied in differential traits (e.g., normotensives 
versus hypertensives). Consequently, a person’s epigenome appears to be 
functioning as a possible sensor of the environment in which they reside.

An important unanswered question that arises from the above discus-
sion is the time period over which the effects of an exposure can be detected 
in the epigenome. Some epigenetic modifications, such as parent-of-origin-
specific genomic imprinting, are genetically programmed and have lifelong 
effects on gene and organismal physiology. Others, such as the effects of 
dietary manipulations, particularly those that affect DNA methylation, are 
short term, though when they occur early in development can have long-
term phenotypic effects (Weyrich et al., 2018). In general, however, the 
timing, maintenance, or erasure of epigenetic effects on the human genome 
and phenotype is a largely unexplored area of study.
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Epigenetics holds some promise for understanding the consequences of 
the role of some environments over the life course, especially windows of 
vulnerability such as childhood that may have long-term consequences for 
traits decades later in life (Shanahan and Hofer, 2011). This has given rise 
to the evolving area of social epigenetics (Evans et al., 2021; Martin et al., 
2022). However, there needs to be further research on the causal relation-
ship between the external and internal pathways and how these lead to 
phenotypic change.

Quantifying Environments at the Individual Level 

Environmental variables used in research studies can be qualitative or 
quantitative. There is merit to variables that are quantitative or metrical 
and show a monotonic relationship with a phenotype of interest (e.g., blood 
pressure) or disease risk (e.g., hypertension-induced target organ damage). 
Whenever feasible, these should be measured at the individual research 
participant level similar to how genotypes are measured. However, this is a 
highly challenging endeavor. The exposures relevant to different phenotypes 
may be during development or in years past and, thus, almost impossible 
to measure, although there may be an epigenetic imprint of such exposures. 
Even when an exposure is proximal, such as in the survivors of the atomic 
bombings in Hiroshima and Nagasaki, individual-level radiation exposure 
was very challenging to quantify because it depended on distance from the 
blast site, whether the individual was inside or outside, and the type of 
dwelling in which they resided, among other factors (NRC, 1991). Thus, in 
many investigations, the only plausible contrast may be between cases and 
controls, rather than exposed versus unexposed, with no resolution at the 
level of the individual.

The interest on the part of such funding agencies as the National Institute 
of Environmental Health Sciences to further develop “exposome” science, 
preferably inclusive of the “socioexposome,” is laudatory.5 The interest in 
obtaining multiscale measures of the geospatial environment for large-scale 
population studies is of great benefit to genetics (Cui et al., 2022). Like 
the Human Genome Project, which had a staged approach to developing 
higher resolution and more accurate maps of the human genome, similar 
efforts in developing individual-level and dynamic exposome measures are 
necessary to understand the full spectrum of genes, environments, and their 
interactions, both in individuals and in populations.

5 https://www.niehs.nih.gov/research/supported/exposure/bio/index.cfm (accessed January 
3, 2023).
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SECTION II OVERVIEW

Section I set the stage for an imperative to transform both the concep-
tualization and use of population descriptors and the design of genetics 
and genomics studies. To that end, the recommendations offered in Section 
II are embedded within a multidimensional framework that provides a ho-
listic approach to fostering and sustaining trustworthy (e.g., ethically and 
empirically sound) genetics and genomics research. For research findings 
to be trustworthy, they must be generated with validity and accuracy and 
under a commitment to using that research to advance the interests of the 
participants and provide benefits to broader society. In doing so, both the 
research and researcher become trustworthy. Therefore, the committee’s 
recommendations span the genetics and genomics research ecosystem, rec-
ognizing the importance of various parties in facilitating systemic change 
in the field.

Section II comprises four chapters that provide a road map for an 
evolution of this research ecosystem. Researchers will be the ones to lead 
transformation of the field, influenced and supported by a variety of rel-
evant parties. Thus, for the committee’s recommendations to be successful, 
they must be grounded in key ethical and empirical principles that drive the 
trustworthiness of the research and build trust among all interested parties.

Chapter 3 presents a set of guiding principles that undergird the com-
mittee’s recommendations. Chapter 4 provides recommendations on some 
overarching concerns that will have to be addressed to achieve sustained 
change in genetics and genomics practice and research. These items are 
dispelling typological thinking, engaging with communities of study partici-
pants, and integrating measurements of environmental factors in genomics 
research, whenever feasible. Chapter 5 offers detailed guidance and best 
practices to researchers concerning the use of population descriptors orga-
nized by type of genomics study. Chapter 6 focuses on implementation and 
accountability strategies for the relevant parties who support, influence, and 
communicate the work of the researchers (see Figure II-1 for a representa-
tion of the framework).

Researchers in human genetics and genomics have often struggled with 
a lack of clear, specific guidance. The recommendations and best practices 
offered in this section are, therefore, intended to operationalize the guiding 
principles with specific practices and procedures. 
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FIGURE II-1 A framework for change. Guiding principles (Chapter 3) undergird 
the subsequent recommendations, which fall into three categories: (1) requisites for 
transforming the use of population descriptors in human genomics research (Chapter 
4), guidance for researchers conducting different types of genomics studies (Chapter 
5), and implementation through various relevant parties to support researchers and 
promote change throughout the genomics research ecosystem (Chapter 6).
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3

Guiding Principles

INTRODUCTION

The committee identified guiding principles intended to foster the high-
est ethical and empirical practices and to support trustworthy research 
to inform its recommendations. For scientific research to be trustworthy, 
it must be both ethically conducted and empirically valid (Beskow et al., 
2021; Emanuel et al., 2000; Goering et al., 2008; NASEM, 2019); both 
aspects of trustworthiness reinforce each other. Indeed, as discussed in 
Chapters 1 and 2, the history of racialization and typological thinking 
about differences between human groups in genetics research produced un-
ethical and invalid findings, which hindered the advancement of the science. 
The guiding principles discussed here aim to achieve these requirements of 
trustworthy research. Each recommendation in this report is motivated by 
at least one guiding principle and reflects commitments necessary from the 
scientific enterprise. In creating its recommendations and best practices, the 
committee has identified a range of studies and research contexts in which 
each would be applied. However, the research enterprise is dynamic, and it 
is impractical for this report to fully capture the range of possible use cases 
in future genetics and genomics research as technologies and perspectives 
change. Thus, the guiding principles provide a foundation and common 
vocabulary for interested parties to engage in future decision making for 
contexts that may not be addressed directly in this report.

The guiding principles outlined here address the ethical responsibilities 
of respect, beneficence, equity, and justice, as well as scientific standards of 
validity, reproducibility, transparency, and replicability. These principles to-
gether operate to build trust among researchers and the many relevant par-
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ties in the genomics research ecosystem. It is especially important to foster 
trust between researchers and study participants and with the general public 
(Beskow et al., 2021; Faure et al., 2021). By identifying these principles, 
the committee emphasizes ethical integrity and scientific best practices as 
foundational to the selection of population descriptors in human genetics 
and genomics research. 

PRINCIPLES

Respect

Respect for individual and community preferences, norms, and values 
should inform approaches when determining population descriptors. Re-
spect begins with the recognition that a person has the right to make deci-
sions as an autonomous individual and is deserving of dignity (Lee, 2021). 
Acknowledging the important role of communities, the committee extends 
this principle to groups who have a stake in how they are characterized in 
genetics research. This principle of respect requires protecting the autonomy 
of individuals and communities in determining what data are collected 
and how data are characterized (Lee, 2021). For example, individuals and 
groups may prefer descriptors that reflect multiple and/or situationally 
specific identities. Respectful research requires engaging, understanding, 
and acting upon the perspectives, preferences, and lived experiences of indi-
viduals and communities (Goering et al., 2008; Lee, 2021). Respect should 
also address the desire among participants for nondisclosure of data and/
or the possibility of an exit from studies (Beskow et al., 2021; Emanuel, 
et al., 2000). Trustworthiness of research depends on investigators demon-
strating respect toward participants throughout the life course of a study, 
including study design, informed consent, managing samples, protecting 
private information, data safety monitoring, and dissemination (Beskow et 
al., 2021). Researchers and research institutions should explore strategies 
that can promote trustworthiness through collaboration and accountability 
mechanisms (see the section “Community Engagement” in Chapter 4).

Beneficence

Trustworthy and equitable science requires that research produces ben-
efit for individuals, communities, and the public as well as promotes human 
dignity, although such benefits may not be immediate nor be tangible to the 
participant (Beskow et al., 2021; Emanuel et al., 2000). The principle of 
beneficence calls on researchers to assess how the selection of population 
descriptors may generate not only potential good but also potential harm. 
Fulfilling goals of beneficence requires consideration of the needs and inter-
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ests of all relevant parties, including researchers, participants, communities, 
and the public at large (Claw et al., 2018; Lee, 2021). When considering 
the use of population descriptors, researchers have an obligation to use 
labels and methods that benefit individual participants and communities. 
Researchers must also avoid potential negative effects on groups, such as 
stigma, discrimination and exacerbation of racial and ethnic inequities, 
reinforcement of hierarchical and typological thinking, and inequitable 
distribution of benefits (Beskow et al., 2021; de Vries et al., 2012; Emanuel 
et al., 2000; Martin et al., 2022).

Equity and Justice1 

Decisions about population descriptors should recognize the structural 
inequities in society, the histories of exploitation and abuse of politically 
marginalized groups participating in genetics research, and the effect and 
potential harm that research and the labels used will have on these groups. 
A commitment to justice and the goal of equity requires that researchers 
avoid reproducing hierarchical thinking embedded in the historical use of 
classification systems such as race in science. This commitment requires ad-
dressing whom researchers choose to study (sampling biases) and confront-
ing the power imbalances in science, which have contributed to the lack of 
participation of historically marginalized groups (Martin et al., 2022; Mills 
and Rahal, 2020) and the disrespect of those who participate. Embedded 
within these commitments is a responsibility to ensure representative sam-
pling wherever possible to answer specific research questions or achieve 
particular research goals. 

A commitment to equity and justice, though, should be more than as-
sessing representation in research participation; it should include address-
ing inequities in the scientific workforce and who is conducting research 
on whom, and their effects on the use of population descriptors in genetics 
research. Researchers should strive toward engaging communities early in 
the research process and to consider historical, political, and societal biases 
that may inform their descriptions. Researchers should avoid procedures 
that privilege particular viewpoints at the exclusion of those who have 
been historically marginalized and disempowered (Goering et al., 2012). 
In addition, a commitment to equity and justice requires an assessment 
of whether and how the selection and use of population descriptors will 

1 Equity “recognizes that each person has different circumstances and allocates the exact 
resources and opportunities needed to reach an equal outcome. Equity is a solution for ad-
dressing imbalanced social systems” (GWU, 2020). “Justice, or social justice, is the view that 
everyone deserves to enjoy the same economic, political, and social rights, regardless of race, 
socioeconomic status, gender, and other characteristics” (Begg, 2021).
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produce equitable benefits and avoid reinforcing existing inequities or in-
troducing new ones. 

Validity and Reproducibility

Fulfilling the principle of validity requires judicious evaluation of re-
search objectives, the use of resources, and potential risks and benefits of re-
search. A study is valid if it is designed to yield reproducible data (NASEM, 
2019), whereas studies that are poorly designed to answer research ques-
tions are scientifically invalid and unethical (Emanuel et al., 2000; NASEM, 
2019). Researchers should be intentional in selecting population descriptors 
that will answer specific research questions. This will require assessing the 
appropriateness and purpose of including population descriptors for the 
type of study being conducted. Assessment of the validity of the use of 
population descriptors as well as the risks and benefits associated with the 
research should include the expertise of the communities involved (Claw et 
al., 2018). In addition, the principle of validity requires that study design 
and decision making on population descriptors enable reproducibility by 
independent researchers. For example, providing detailed definitions and 
descriptions of methodologies for selecting and applying population de-
scriptors will support reproducibility of study findings across studies and 
the potential for accurately understanding study results.

Transparency and Replicability2

The principle of transparency includes the obligation to provide clear 
rationale for the selection and use of population descriptors and to explain 
decision-making processes in an open and accessible manner. This includes 
articulation of the conceptual assumptions and operational considerations 
that lead to the adoption of population descriptors. For example, proce-
dures for achieving relative “homogeneity” in a data set or procedures 
of “binning” that combine data should be clearly described, including a 
rationale of why they are necessary. Such transparency is critical for rigor 
and replicability (NASEM, 2019). Articulation of methodological logic in 
a comprehensible manner can further empirical validation. In addition, 
participants in research should reasonably expect that researchers will com-
municate research goals and processes (Claw et al., 2018) and explain the 
selection of population descriptors used to describe them. Thus, adhering to 
the principle of transparency supports the principle of respect of individuals 

2 Replicability refers to obtaining consistent results across studies, as compared to reproduc-
ibility, which refers to obtaining consistent results from the same data set (NASEM, 2019). 
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and communities and their ability to assert autonomy and informed deci-
sion making about participation in research. 

SYNERGY AMONG AND TENSION 
BETWEEN GUIDING PRINCIPLES

These principles reflect values and goals that are overlapping, inter-
twined, and mutually reinforcing. All of the principles aim at a unified goal 
of engaging in scientifically valid and trustworthy research. Researchers 
should aim to achieve affinity among the principles. Nevertheless, tension 
between principles may arise when researchers prioritize competing inter-
ests. For example, group preferences for population descriptors may be in 
conflict with goals of reproducibility in which researchers use alternative 
descriptors to maximize data aggregation or harmonization (Lee et al., 
2019). In such cases, researchers should make explicit their rationale for se-
lecting specific population descriptors and assess how these decisions affect 
principles of responsible research and their potential effect on trustworthi-
ness and equity. Ultimate decisions about the use of population descriptors 
may vary depending on the specific context of the research, responsiveness 
to community preferences, and evolving best practices over time. This con-
cept will be explored further in Chapter 5.

The committee encourages all relevant parties, including researchers, 
institutions, funders, professional organizations, journals, media, and com-
munities, to assess and engage in the discussion of how practices contribute 
to synergies among, and tensions between, guiding principles. The commit-
tee underscores the importance of collaboration when resolving competing 
interests. Power imbalances inherent in research, and research institutions, 
and the potential vulnerability of individuals and groups enrolled in re-
search create challenges for equitable partnership and can undermine the 
trustworthiness of science (Faure et al., 2021; Parker and Kingori, 2016; 
Powers and Faden, 2019). Researchers should employ these guiding prin-
ciples and explore strategies, such as community engagement, to support 
shared decision making about population descriptors.
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4

Requisites for Sustained Change

INTRODUCTION

The work of the committee has highlighted the need to attend to some 
overarching and long-standing issues that, if not more deliberately and 
fully addressed, will continue to impede progress in genetics and genomics 
research. The three topics of focus in this chapter—typological thinking, 
environmental factors, and community engagement—are not an exhaustive 
list and are not new, but the committee believes addressing them will be 
paramount to the long-term success of the best practices and implementa-
tion of recommendations in Chapters 5 and 6. In recent years, there has 
been increasing attention to environmental factors and community engage-
ment in genetics research broadly (Green et al., 2020). Researchers in the 
field, as well as many others, however, have largely overlooked typological 
thinking, arguably the crux of the matter with regard to the use of descent-
associated population descriptors. The consequences of failing to inten-
tionally confront these topics are grave. Recognizing this, the committee 
has prioritized addressing typological thinking, environmental factors, and 
community engagement in its proposed framework for transforming the use 
of population descriptors in genetics and genomics research. The commit-
tee trusts that this will accelerate the expansion of current efforts in these 
critical areas and stimulate the development of new ones. 

For each of the topics in this chapter, the committee indicates the 
guiding principles pertaining to the respective recommendations. These 
recommendations complement those in Chapter 5, and together they posi-
tion researchers to lead the transformation of not only how population de-

http://nap.nationalacademies.org/26902


Using Population Descriptors in Genetics and Genomics Research: A New Framework for an Evolving Field

Copyright National Academy of Sciences. All rights reserved.

102 POPULATION DESCRIPTORS IN GENETICS AND GENOMICS RESEARCH

scriptors are conceptualized and used, but also how genetics and genomics 
research is implemented and interpreted. The recommendations in Chapter 
6 are intended to provide the support system that researchers will need to 
facilitate this outcome.

TYPOLOGICAL THINKING

Erroneous categorical assumptions are scientifically and ethically det-
rimental, particularly when applied to studies of human history, identity, 
variation, and traits and diseases (Lee et al., 2008; Shim et al., 2014; Weiss 
and Lambert, 2014). There is a pervasive misconception and belief that 
humans can be grouped into discrete innate categories (Jorde and Wooding, 
2004). The illusion of discontinuity between racialized groups has sup-
ported a history of typological and hierarchical thinking, which both clas-
sify individuals by type—ignoring variation—and rank people by status (for 
full definitions see Appendix B). These modes of thinking often spill over to 
other descent-associated population descriptors such as ethnicity and ances-
try (Byeon et al., 2021; Fang et al., 2019). The structure of human genetic 
variation, though, is the result of human population movement and mixing 
and so is more related to geography than to any racial or ethnic classifica-
tion (see the section “Features of Human Genome Variation” in Chapter 1) 
(Jorde and Wooding, 2004; Lewontin, 1972; Manica et al., 2005).

In particular, describing geography with continental-scale labels, such 
as continental ancestry, can reinforce typological thinking. These labels can 
bolster the disproven view that the human species can naturally be divided 
into a small number of groups, akin to races, that are genetically homoge-
neous within each (Romualdi et al., 2002). Assumptions of homogeneity 
at the continental level reinforce the myth of original “pure” populations 
and buttress the belief in a racial hierarchy. A common and long-standing 
example of typological categories is Blumenbach’s hierarchical taxonomy 
(Marks, 1995; Painter, 2010), including the term Caucasian, a problematic 
term which is still frequently used in science and society (Popejoy, 2021). 
Moreover, the influence of Linnaeus’ system of human classification can still 
be seen today in the categories used in the U.S. Census (Harawa and Ford, 
2009). In providing the following conclusions and three recommendations, 
the committee intends to draw attention to pervasive aspects of typological 
thinking and especially problematic terminology. Terms that imply a bio-
logical classification of race should not be used. This is not simply a matter 
of replacing some terms with other, more palatable terms. The objective of 
the committee was not to provide an improved nomenclature or vocabulary 
but to challenge misconceptions and push the dialogue forward. Anyone 
working in this area must think carefully and make judgments with clear 
rationale as to which population descriptors (or classification schemes) to 
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use, which labels to use, and why. The question of which descriptors to use 
is nuanced and addressed in subsequent recommendations in this report. 
Guidance and tools for making these selections are provided in Chapter 5.

Conclusions and Recommendations

Conclusion 4-1. Race is neither useful nor scientifically valid as a mea-
sure of the structure of human genetic variation.

Conclusion 4-2. Using socially constructed groupings indiscriminately 
in human genetics research can be harmful. Their use reinforces the 
misconception that differences in social inequities or other factors are 
caused by innate biological differences and diverts attention from ad-
dressing the root causes of those social differences, which compromises 
the rigor and potential positive effect of the research. 

Conclusion 4-3. Current practices in genetics studies often seem to 
reinforce typological views of human genetic ancestry (e.g., use of con-
tinental ancestry groups). Therefore, new models that reflect a more 
complex and realistic portrait of genetic ancestry are needed (e.g., 
genetic similarity).

Conclusion 4-4. The requirement to report participant demographics 
using OMB categories has perpetuated misconceptions or exacerbated 
typological thinking and can undermine the selection of variables that 
are most appropriate for a given genomics study.

Conclusion 4-5. Although perhaps useful for some analyses, the concept 
of genetically differentiated, discrete populations that are static in place 
and time does not apply to humans. For example, the racial and ethnic 
categories established by the OMB presume stable, fixed populations 
(even though the OMB categories themselves have changed over time), 
which makes them both inadequate and inaccurate for the purpose of 
representing human genetic variation.

Recommendation 1. Researchers should not use race as a proxy for 
human genetic variation. In particular, researchers should not assign 
genetic ancestry group labels to individuals or sets of individuals based 
on their race, whether self-identified or not. 

Recommendation 2. When grouping people in studies of human genetic 
variation, researchers should avoid typological thinking, including the 
assumption and implication of hierarchy, homogeneity, distinct catego-
ries, or stability over time of the groups. 
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Recommendation 3. Researchers, as well as those who draw on their 
findings, should be attentive to the connotations and impacts of the 
terminology they use to label groups. 

• As an example, the term Caucasian should not be used because 
it was originally coined to convey white supremacy,1 and is 
often mistakenly interpreted today as a “scientific” term, thus 
erroneously conferring empirical legitimacy to the notion of a 
biological white race. 

• Another example of a term that should not be used is black 
race because it wrongly implies the existence of a discrete 
group of human beings, or race, who could be objectively 
identified as “black.” 

These recommendations invoke the guiding principles of respect, be-
neficence, equity and justice, and validity and reproducibility. To promote 
validity through the use of accurate descriptors, the committee does not 
advocate the use of typological categories, such as the racial and ethnic 
categories established by the OMB in its Statistical Directive 15, for most 
purposes in human genomics research (see Chapter 5 for more specific guid-
ance on the use of population descriptors). While the committee recognizes 
that the use of these categories, such as white or Hispanic, may be required 
of researchers under certain circumstances (for example, in describing par-
ticipants in studies receiving U.S. federal funding), the fundamentally so-
ciopolitical origins of these categories make them a poor fit for capturing 
human biological diversity (OMB, 1997). Even so, the required uses of 
OMB and other typological categories for certain reporting purposes need 
not dictate their use as analytical tools in human genomics research.2 If 
nothing else, the OMB categories are impractical because they change over 
time in the wake of administrative decisions and cultural shifts.3 Instead, the 
committee recommends that to evoke respect and beneficence, researchers 
who identify race as a valid population descriptor in a given study should 
reflect carefully on (1) the information that racial labels ostensibly provide, 
(2) whether such information—for example, on exposure to racial discrimi-
nation—might be better captured by other data (e.g., self-reports of such 
experiences), and (3) which labels or groupings would be most useful and 

1 Johann Friedrich Blumenbach (1752-1840) named Europeans “Caucasian” because he felt 
the most beautiful skull in his collection came from the Caucasus region and was thus a fitting 
symbol for a superior race (Marks, 1995; Painter, 2010).

2 For a comprehensive study of such “categorical alignment”—e.g., “the merging of social 
categories from the worlds of medicine, social movements, and state administration”—see 
Epstein, Steven. Inclusion: The Politics of Difference in Medical Research, University of Chi-
cago Press, 2007.

3 For a longer history of changing U.S. Census racial categories, see Lee (1993) and Liebler 
et al. (2017).
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informative for the study at hand. For example, the “black” racial label 
would not be useful in a study within the United States, because people 
who self-identify as “black” have a wide variety of national origins, class, 
and even linguistic backgrounds (Hamilton, 2019). In addition, this recom-
mendation addresses problems inherent to the use of continental ancestry 
groupings. To adhere to equity and justice, alternative procedures that do 
not assume discrete continental ancestries are more valid and conceptually 
coherent; such alternatives are preferable and have the benefit of not reify-
ing race. In Chapter 5, recommended use for specific population descriptors 
will be explored in greater detail.

ENVIRONMENTAL FACTORS

Nongenetic factors and contexts must be considered when examining 
genetic effects. Nongenetic factors—that is, anything that is not captured 
by inherited DNA variation—include environmental factors. Environmental 
factors are variable across individuals and include physical, chemical, and 
biological exposures; behavioral patterns; social context; and “life events,” 
among others (Glass and McAtee, 2006; Ottman, 1996). Such environmen-
tal exposures can act on a phenotype on their own or do so by interplay 
with genetic effects (Seabrook and Avison, 2010) (see Chapter 2). These 
environmental effects, whether genome independent or dependent, may be 
themselves additive or multiplicative to a postulated genetic effect (Hunter, 
2005). The critical importance of identifying environmental effects is that 
they improve or even alter researchers’ understanding of the causal path-
ways to human genetic disease, thereby curtailing the common practice of 
assuming genetic causes for unexplained population differences in outcomes 
(Duello et al., 2021).

Environmental exposures are not always easy to identify or measure. 
As a shortcut, some epidemiologic and genetics studies have used race or 
ethnicity as a proxy for the environment without directly measuring specific 
factors (Benmarhnia et al., 2021; Duello et al., 2021; Evans et al., 2021).
This is unfortunate since any two groups vary with respect to both the 
frequency of genetic variants and pertinent environmental exposures, and 
just as there are genetic differences between any two humans so are there 
individual-specific exposures and other environmental differences (Board-
man et al., 2013; Johannesson et al., 2011). 

In recent times, there have been efforts to understand the “exposome,” 
representing the total suite of exposures and being the other major contrib-
utor to phenotypes besides the genome (Zhou and Lee, 2021). Additionally, 
the ability to quantify the epigenome, which can also be a measure of past 
environmental exposures, has improved (Cazaly et al., 2019). Considerable 
research is needed though to assess the usefulness of epigenetic markers as 
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specific exposure sentinels. The 2011 National Academies report on preci-
sion medicine incorporated the exposome in its integrative knowledge net-
work that provided the foundation for the U.S. Precision Medicine Initiative 
(NRC, 2011). Exposome studies are still rare and underused in genetics.

Conclusions and Recommendation

Conclusion 4-6. Genetic variation alone is not sufficient to describe or 
understand human phenotypes; environmental variation should also be 
examined when feasible.

Conclusion 4-7. Race, ethnicity, and other descent-associated popula-
tion descriptors are poor proxies for environmental variables in human 
genetics studies.

Conclusion 4-8. In the absence of measured environmental factors, 
researchers often wrongly attribute unexplained phenotypic variance 
between populations to unmeasured genetic differences. 

Recommendation 4. Researchers conducting human genetics studies 
should directly evaluate the environmental factors or exposures that are 
of potential relevance to their studies, rather than rely on population 
descriptors as proxies. If it is not possible to make these direct mea-
surements and it is necessary to use population descriptors as proxies, 
researchers should explicitly identify how the descriptors are employed 
and explain why they are used and are relevant. Genetics and genom-
ics researchers should collaborate with experts in the social sciences, 
epidemiology, environmental sciences, or other relevant disciplines to 
aid in these studies, whenever possible.

These recommendations are supported by the guiding principles of 
equity and justice, validity and reproducibility, and transparency and rep-
licability. To promote validity and reproducibility, genetics and genomics 
researchers should collaborate with experts in the social sciences, epide-
miology, environmental sciences, or other relevant disciplines if they are 
unsure about whether or how to include environmental variables in their 
studies. Transparency and replicability are key if descent-associated popu-
lation descriptors are deemed necessary as proxies for the environment. In 
these cases, investigators must be transparent about how the descriptors are 
being used and why environmental factors were not able to be measured by 
other means. Equity and justice are evoked when researchers are clear about 
how and why a descent-associated population descriptor is being used as 
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a proxy for environment. Such clarification will reduce the likelihood that 
the descriptor, rather than environment, will be viewed as the causal factor 
in any identified variance. 

If investigators are unable to collaborate with experts who measure 
environmental effects, they can use existing resources to facilitate incorpo-
ration of exposure assessment into their studies. Some examples of these 
resources include the Human Health Exposure Analysis Resource,4 Na-
tional Institute of Environmental Health Sciences (Cui et al., 2022), the 
Centers for Disease Control and Prevention and National Institute for Oc-
cupational Safety and Health’s resources on exposome and exposomics,5 
PhenX Toolkit,6 and the All of Us Research Program’s survey questions.7 
In future studies that collect new data, investigators should collect rich in-
formation on environmental exposures and social contexts. Some examples 
of information to collect may include geospatial data, socioeconomic posi-
tion, dietary practices, education, and frequency of medical care. Moreover, 
whenever possible, the spatial and temporal distributions of measured 
environmental variables should be accounted for in combination with in-
dividual characteristics.

COMMUNITY ENGAGEMENT

My primary care clinician refers to me as an African American woman, 
yet I’ve never had a discussion with her or been asked about my ethnicity. 
So when I think about the absence of this discussion, I also begin to feel 
unseen and question what has been missed in the exchanges that I have 
with my provider because of the lack of having this conversation.

—Julia Ortega, testimony to the committee  
in a public session on April 4, 2022

In a sense, it doesn’t really matter what you call it, it matters who is doing 
the naming and who is in charge of providing agency, who is in control 
of the data, and who is in governance of that data, and how does that 
work… So deferring to communities to self-identify their belongingness 
is…a great step forward.

—Keolu Fox, testimony to the committee  
in a public session on April 4, 2022

When we think about what’s really called for and why we cannot abandon 
this very important project, it’s because we need not only the contribution 

4 https://hhearprogram.org/ (accessed January 3, 2023).
5 https://www.cdc.gov/niosh/topics/exposome/default.html (accessed January 3, 2023). 
6 https://www.phenxtoolkit.org/ (accessed January 3, 2023).
7 https://databrowser.researchallofus.org/ (accessed January 3, 2023). 
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of genetic data information from people to research, but from research 
back to people who can use it.

—Donna Cryer, testimony to the committee  
in a public session on April 4, 2022

In this report, a community is considered a group of people who have 
a common characteristic or are living in the same place. The committee 
acknowledges that how a community defines itself is dynamic. How re-
searchers and community members define the community has implications 
for who is included in community engagement efforts. Community engage-
ment can be a challenging and labor-intensive process, requiring resources 
including time, dedicated funding, and people with the necessary knowledge 
and skills (CTSA Consortium, 2011). It should be noted that the increased 
demands of community-engaged research also fall on research participants, 
potentially increasing the burden on their time.

Community engagement goals will vary depending on the research 
question, the participating community, and the researchers. Community en-
gagement processes are diverse, and partners can include various organized 
groups such as agencies, institutions, or individuals (CTSA Consortium, 
2011). The process may also be seen as a continuum of community involve-
ment, stemming from study conception to translation and communication 
of findings, and the specific practices may also vary at different stages of 
the study, such as during research approval or guidance, sharing informa-
tion, or consent (CTSA Consortium, 2011). Communities not only vary in 
how individuals and groups self-identify but also in their preferences for 
involvement (CTSA Consortium, 2011). Collaboration with individuals or 
groups begins by working with relevant parties from the community to 
identify their preferences on how, when, and to what extent they would 
like to be involved (CTSA Consortium, 2011). From there, researchers and 
community members can develop an engagement plan for the duration of 
the research, drawing on existing models and best practices to support 
community-engaged research (Beaton et al., 2017; Lemke et al., 2022; 
Minkler and Wallerstein, 2011; Wallerstein and Duran, 2010). Other re-
sources include the National Institutes of Health (NIH) and Centers for Dis-
ease Control and Prevention Principles of Community Engagement8 (NIH, 
2015), the NIH Tribal Health Research Office,9 and the Patient-Centered 
Outcomes Research Institute’s engagement assessment tools10 for ways to 
evaluate engagement at key stages of research (Sheridan et al., 2017). When 
community engagement is difficult or impossible (as with legacy samples), 

 8 https://www.atsdr.cdc.gov/communityengagement/pdf/PCE_Report_508_FINAL.pdf (ac-
cessed January 3, 2023).

 9 https://dpcpsi.nih.gov/thro (accessed January 3, 2023).
10 See https://www.pcori.org/engagement/engagement-resources/Engagement-Tool-Resource-

Repository/engagement-assessment-tool (accessed January 3, 2023).
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then proxy groups, who could be potential interested parties, could be used. 
Before legacy samples are used or relabeled, it is the researcher’s responsibil-
ity to ensure that the samples were collected ethically and that the current 
related or proxy community groups agree to the use of these descriptors 
within the research design. 

Frequently, descent-associated population descriptors (such as race) are 
assigned to samples by a researcher or clinician, leaving individuals and 
communities out of the conversations about what labels are applied to or 
preferred for their data (Lemke et al., 2022). Community engagement can 
improve communication, study coordination, and long-term collaborations 
between researchers and communities for enhancing that research (CTSA 
Consortium, 2011). Falling short of engaging and understanding communi-
ties and the relevant parties can undermine trust and the trustworthiness of 
research and, importantly, hamper delivery of the research outcomes to the 
communities whom researchers are trying to serve (Lemke et al., 2022). Ef-
fectively engaging communities requires multidisciplinary approaches that 
draw on expertise in history, sociology, anthropology, communication, and 
other fields working alongside the study’s primary investigators in genetics 
and genomics (CTSA Consortium, 2011).

Conclusions and Recommendation

Conclusion 4-9. Community engagement recognizes the expertise of 
communities and relies on collaboration between researchers and the 
communities they are trying to serve.

Conclusion 4-10. Engaging participants in genomics research design 
increases the likelihood that population labels will respectfully describe 
participants, reduce potential harms, and lead to more beneficial science 
and translation to health and health care.

Conclusion 4-11. Lack of transparency by researchers threatens the 
trustworthiness of the entire research enterprise and may undermine 
goals of equity and justice by disenfranchising minoritized groups from 
participating.

Conclusion 4-12. Communities are dynamic and changing entities; 
therefore, with each new study, it is important to consider how the 
community being asked to participate in research could share in the 
selection of population descriptors. 

Recommendation 5. Researchers, especially those who collect new data 
or propose new courses of study for a data set, should work in ongo-
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ing partnerships with study participants and community experts to 
integrate the perspectives of the relevant communities and to inform 
the selection and use of population descriptors. 

This recommendation supports the guiding principles of respect, be-
neficence, equity and justice, validity and reproducibility, and transparency 
and replicability. Equity and justice are invoked by engaging communities 
in the research process to avoid reproducing hierarchical thinking and to 
consider biases that may produce inequities. Through partnerships with 
participants and communities, researchers will gain a better understanding 
of their perspectives, needs, and expectations, which can foster or enhance 
a commitment to beneficence, not only pertaining to the research, but also 
in other meaningful ways. Validity and reproducibility are instituted by 
including the expertise of communities in determining the valid use of popu-
lation descriptors and the risks and benefits associated with the research. 
Researchers should also partner with experts on engagement approaches to 
ensure community engagement occurs in a culturally sensitive way. Integrat-
ing team members who have knowledge and understanding of community 
perspectives early in study conception and throughout the research process 
is critical for achieving the goals of trustworthy science.

Respect is demonstrated through the inclusion of the community in the 
decision-making and study design processes when either collecting new data 
or using legacy data and by seeking information directly from the commu-
nity. Although consulting communities about population descriptors is eas-
ier in studies collecting new data, it is important to also engage communities 
when using legacy data. This engagement might look different since the 
participants cannot be identified; however, proxy groups can be formed to 
discuss appropriate and preferred terms and usage of descriptors. Using the 
population descriptor preferences of individual and community participants 
reflects the principle of respect. However, if deviations from these preferred 
descriptors occur, respect and transparency must go hand in hand. In this 
case, transparency and replicability with communities mean communicat-
ing and explaining why the selected population descriptors differ from the 
participants’ preferences, which helps preserve research relationships and 
allows individuals to make an informed decision about continued partici-
pation. Best practices for communicating technical and cultural concepts 
should be incorporated to increase transparent collaboration. Transparency 
and clear communication regarding the choices, rationale, and implications 
about decisions on descent-associated population descriptors promote trust 
and trustworthiness of the research and researchers. Individuals and com-
munities called upon to participate in research must feel confident that 
researchers are committed to communicating their process.
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5

Guidance for Selection and 
Use of Population Descriptors 

in Genomics Research

INTRODUCTION

This chapter’s primary audience are researchers who work with ge-
netic data. The committee’s intent is to provide practical guidance for 
using descent-associated population descriptors in human genetics and 
genomics research. As emphasized throughout the report, the appropriate 
population descriptor depends on the scientific question being asked. In 
some cases, none of these descriptors may be needed. In other situations, 
when descent-associated population descriptors are advisable or needed for 
methodological reasons, this chapter gives guidance on which approaches 
to consider and why. 

In formulating these recommendations, the committee recognizes that 
there exists a large amount of legacy data in which study participants have 
already been classified on the basis of population descriptors (Khan et al., 
2022; Wallace et al., 2020). When using such data, researchers may be con-
strained in their options, but their choices need to be described in ensuing 
publications. Furthermore, the committee appreciates the dynamic nature 
of research and the changing landscape of descent-associated population 
descriptors; there is no single solution to this challenge of appropriate use 
of descriptors, and applying a uniform approach across different types of 
studies is not possible. Rather, responsive approaches are needed to accom-
modate the specific research question being asked, develop best practices 
for grouping individuals and naming those groups, and take community 
preferences into account.

This chapter builds on the foundation established by the previous four 
chapters. Therefore, the committee encourages a careful reading of Chapters 
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1 through 4 in order to understand the context of these recommendations. 
Notably, Chapter 3 provides a set of guiding principles for conducting hu-
man genetics research (and all research involving humans) that support the 
report’s recommendations and can help guide researchers when none of the 
specific best practices apply.

THE IMPORTANCE OF TRANSPARENCY AND  
SPECIFICITY WHEN SELECTING AND 

REPORTING POPULATION DESCRIPTORS 

Transparency in methodology is a scientific norm for replication of 
research findings (NASEM, 2019), yet the challenge of transparency is not 
only in scientific description but also in communicating specifically how 
and why particular decisions were made. Although imperfect, categories 
and labels are needed to conduct and communicate science. Transparency, 
therefore, requires stating the rationale behind the classification scheme and 
group labels applied when using population descriptors. Beyond describ-
ing the exact nature of the study conducted and ensuring reproducibility, 
comparability and meta-analysis with other studies, transparency about 
methods, assumptions, and decision making promotes trustworthiness of 
the research (Claw et al., 2018; NASEM, 2019). Moreover, understanding 
the factors that inform decision making supports reproducibility.

When communicating their research methods, findings, and conclu-
sions, researchers should be as transparent as possible about the specific 
procedures used to identify and name groups within their data sets. Trans-
parency can take three major forms: 

1. Clear identification of the concept of human difference underpin-
ning the population descriptor(s) chosen for analysis, and the ra-
tionale for that choice, 

2. Verbal descriptions of how samples were collected and labeled, as 
well as the rationale for the decisions made; and 

3. Sharing analysis scripts and decision rules used to transform per-
individual metadata (e.g., responses to surveys) to the labels used 
in an analysis. 

The primary focus of this chapter is on the first two, namely the concep-
tual approaches and specific language that enable appropriate and accurate 
use of population descriptors in genomics research. Furthermore, the guid-
ance that follows is intended to provide researchers with best practices and 
the rationale for decision making, in alignment with the guiding principles 
outlined in Chapter 3 and in an effort to support the goal of promoting 
trustworthy research.
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In delimiting their study participants, researchers inevitably make 
choices about which classification schemes or descriptors to use, which 
scale of resolution to consider, which specific group labels to apply, how 
to treat individuals with missing data, and so forth. Researchers may also 
be constrained to using group categories and labels adopted by others in 
order to allow for data aggregation or harmonization (Doiron et al., 2013; 
Khan et al., 2022; Wallace et al., 2020). A further challenge arises when 
such categories have been applied inconsistently, with a mixture of some 
individuals in a study labeled based on race, others based on ethnicity, 
and yet others based on geography. For instance, some researchers merge 
genomic data sets from different sources and assign individuals to clusters 
on the basis of genetic similarity to each other or to reference panels. Then 
they assign labels to individuals based on a characteristic that is frequent 
in the cluster or by using the labels from the reference panels. The number 
and size of the clusters that are detected in any given study depend on the 
sample composition. Moreover, the group labeling assigned to these clusters 
is often highly heterogeneous, borrowing terms from distinct classification 
schemes, at vastly different scales of resolution, such as African (a conti-
nental geographical location)/African American (an ethnicity), East Asian (a 
geographic location), and Finnish (a nationality). In that regard, it is worth 
noting that even when the labels are carried over from previous data col-
lection, choices have to be made about what ancillary information to use 
and which subsets of individuals to combine and split in the new analysis.  

CONCLUSION AND RECOMMENDATIONS

Conclusion 5-1. In employing population descriptors and assigning 
group labels in genetics studies, researchers tend to rely on existing and 
commonly used population classifications, often with unclear justifica-
tion for their choices.

Recommendation 6. Researchers should tailor their use of population 
descriptors to the type and purpose of the study, in alignment with the 
guiding principles, and explain how and why they used those descrip-
tors. Where appropriate for the study objectives, researchers should 
consider using multiple descriptors for each study participant to im-
prove clarity. 

Recommendation 7. For each descriptor selected, labels should be ap-
plied consistently to all participants. For example, if ethnicity is the 
descriptor, all participants should be assigned an ethnicity label, rather 
than labeling some by race, others by geography, and yet others by eth-
nicity or nationality. If researchers choose to use multiple descriptors, 
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each descriptor should be applied consistently across all individuals in 
that study.

Recommendation 8. Researchers should disclose the process by which 
they selected and assigned group labels and the rationale for any group-
ing of samples. Where new labels are developed for legacy samples, 
researchers should provide descriptions of new labels relative to old 
labels.

To equip researchers with the information to follow these recommen-
dations, the committee developed the following decision-making tools and 
best practices. These tools will be particularly helpful to reviewers of ge-
netics and genomics research proposals to try to ensure consistent usage of 
terms and appropriate study designs.

TOOLS FOR SELECTING AND USING POPULATION 
DESCRIPTORS IN GENETICS AND GENOMICS RESEARCH

The table below and decision tree in Appendix D suggest which de-
scent-associated population descriptors are most appropriate as analytical 
tools for each of the seven genetics study types outlined in this report. Note 
that each descriptor represents a particular concept of difference across 
populations. In other words, the recommendations in the decision tree and 
table focus on the conceptual building blocks that researchers should use 
in study design, data analysis, and reporting their results. While the con-
ceptual structure of research naturally has implications for the language 
that scientists adopt, the tree and table are not intended to be a linguistic 
straitjacket or a checklist of acceptable words. Instead, the objective of 
the committee’s guidelines is to encourage genetics researchers to consider, 
define, and delineate very carefully the concepts of human difference with 
which they are working, and to choose wording that transparently reflects 
the analytical steps taken. 

These considerations are particularly salient with respect to genetic 
ancestry, which is not directly observable and is instead inferred from 
measures of genetic similarity. Therefore, the committee recommends that 
researchers relying on such measures explicitly refer to genetic similarity 
when describing their results, rather than the shorthand of genetic ancestry. 
An exception is for human evolutionary genetics studies explicitly aiming 
to learn about genetic ancestries over time or space. The committee recom-
mends that when researchers borrow labels from ethnic, racial, political, 
or geographic classification schemes, they be explicit about their choice of 
descriptor. For all these reasons, the columns in Table 5-1 distinguish the 

http://nap.nationalacademies.org/26902


Using Population Descriptors in Genetics and Genomics Research: A New Framework for an Evolving Field

Copyright National Academy of Sciences. All rights reserved.

GUIDANCE FOR SELECTION AND USE  119

concept of genetic ancestry from other population descriptors like ethnicity 
or geography.

Key Terminology for the Selection Guide 

Throughout the rest of this chapter, a nuanced understanding of key 
terms and concepts introduced earlier in this report is necessary (summa-
rized in Box 5-1). In the table and decision tree below, population descrip-

BOX 5-1 
Key Terminology for This Chapter

Population descriptor: a concept or classification scheme that categorizes 
people into groups (or “populations”) according to a perceived characteristic or 
dimension of interest. A few examples include race, ethnicity, and geographic 
location, although this is a non-exhaustive list.

Group label: name given to a population that describes or classifies it according 
to the dimension along which it was identified. An example is French as the label 
for a group identified by its members’ possession of French nationality, where 
nationality is the population descriptor.

Ancestral recombination graph: for a set of individuals, the graph depicting the 
genetic ancestry lines (or paths) that trace back to their common genetic ances-
tors at every position in the genome. 

Ancestry: a person’s origin or descent, lineage, “roots,” or heritage, including 
kinship. Examples of ancestry group labels include clan names or patronyms, 
but geographic, ethnicity, or racial labels are often used to denote groups whose 
members are presumed to share common ancestry.

Genetic ancestry: the paths through an individual’s family tree by which they 
have inherited DNA from specific ancestors. Genetic ancestry can be thought of in 
terms of lines extending upwards in a family tree from an individual through their 
genetic ancestors (see Figure 2-1). Shared genetic ancestry arises from having 
genetic ancestors in common (that is, overlapping lines of ancestry). For a set of 
individuals, a fundamental representation of genetic ancestry is a structure called 
an ancestral recombination graph. In practice, shared genetic ancestry is typically 
inferred by some measure(s) of genetic similarity.

Genetic ancestry group: a set of individuals who share more similar genetic 
ancestries. In practice a genetic ancestry group is constituted based on some 
measure(s) of genetic similarity; Once a set is designated as a genetic ancestry 
group, its members are often assigned a geographic, ethnic, or other nongenetic 
label that is common among its members.

Genetic similarity: quantitative measure of the genetic resemblance between 
individuals that reflects the extent of shared genetic ancestry. 

See Appendix B for further comments, definitions, and citations.
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tors refer to conceptual classification schemes used to group people based 
on specific characteristics. The appropriate application of these concepts in 
particular study contexts is the primary focus of the recommendations to 
follow. Group labels are names given to groupings of individuals. 

Many of the best practices recommended by the committee rely on 
understanding the distinctions between genealogical ancestry, genetic an-
cestry, genetic ancestry group, and genetic similarity. For a full background 
of these concepts, see the subsection “Ancestry” in Chapter 2. Briefly, ge-
nealogical ancestors refer to the collection of ancestors for an individual as 
found in a family tree, such as parents, grandparents, and so on (Mathieson 
and Scally, 2020; Rohde et al., 2004). Genetic ancestry refers to the paths 
through an individual’s family tree by which they have inherited DNA from 
specific ancestors (Mathieson and Scally, 2020); it is inferred from measures 
of genetic similarity rather than directly observed (Mathieson and Scally, 
2020). Genetic ancestry groups are usually defined by demarcating sets of 
people based on various measures of genetic similarity. Then these groups 
are often given a label derived from nongenetic characteristics, such as 
ethnicity, geography, or race. This mapping of nongenetic descriptors in-
troduces additional assumptions (see Chapters 2 and 4). Moreover, it may 
suggest homogeneity of genetic and environmental effects within social 
categories where none exists. 

In a number of contexts, reliance on, and reference to, ancestry group-
ings may be unnecessary for the goals of the study. For example, when 
matching the background allele frequencies of cases to controls, there is a 
need to identify a set of individuals who are genetically similar, but not to 
rely on inferences about their genetic ancestry. Likewise, identifying indi-
viduals who are genetically similar to each other or to a reference panel is 
usually sufficient to delimit a subset of participants for genome-wide asso-
ciation studies (GWAS). Although the distinction between genetic ancestry 
and genetic similarity may be subtle, it is nonetheless important to enable 
moving beyond fundamental misconceptions about population descriptors, 
particularly race and typological thinking. 

Conclusion 5-2. Assigning ancestry group labels based on such descrip-
tors as geography, ethnicity, or race is often scientifically unnecessary 
and may contribute to typological thinking (Coop, 2022). In particular, 
genetic ancestry group is commonly conflated with continental geogra-
phy, which in turn often stands in for—and thereby reifies—race (Lewis 
et al., 2022).
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Orientation to the Selection Guide

We must aspire to research scholarship and assessments and treatments 
based on actual and not assumed genetic variation, and the social, his-
torical, structural context in which the bodies and lives of the people that 
we’re interested exist. That means assessing the patterns of diversity that 
reflect the distribution of human genetic variation across the globe, not 
proxies thereof.

—Agustín Fuentes, testimony to the committee  
in a public session on April 4, 2022

As shown in Table 5-1, best practices in the use of population descrip-
tors vary by study type for any non-disease or disease trait. The committee 
considered seven major study types: (1) gene discovery for Mendelian traits; 
(2) prediction for Mendelian traits; (3) gene discovery for complex and 
polygenic traits; (4) prediction for complex and polygenic traits; (5) elu-
cidation of molecular, cellular, or physiological mechanisms; (6) studies of 
health disparities with genomic data; and (7) studies of human evolutionary 
history. For descriptions and examples of each type, see the section “Clas-
sification of Genomics Study Types” in Chapter 1. Population descriptors 
refer to conceptual frameworks for describing descent-associated differ-
ences across groups of people. First, careful consideration should be given 
to whether descent-associated population descriptors are needed at all. If 
needed, and once researchers identify the appropriate population descriptor 
or descriptors for the context of their study, they should apply group labels 
consistent with each concept to all study participants. For a given study, 
more than one concept may be appropriate, and studies may benefit from 
using multiple descriptors. For example, a project may incorporate both 
geography and ethnicity simultaneously to distinguish, say, Kurds in Iraq 
from Kurds in Turkey. 

In some contexts, descent-associated population descriptors are used 
not as indicators of shared genetic ancestry but as proxies for shared en-
vironmental exposures (see “The Importance of Environmental Factors in 
Genetics and Genomics Research” in Chapter 2). This practice should be 
avoided where possible in favor of measuring the environmental variable 
directly. Nevertheless, when direct measurements are not possible, Table 5-1 
indicates which population descriptors might be most appropriate. While 
race (or racialized group) may capture some shared exposure to racism and 
therefore may be suitable for some health disparities studies, it is a poor 
proxy for other environmental exposures and carries the risk of contrib-
uting to typological thinking. Therefore, the committee recommends race 
not be used outside of a subset of health disparities studies. Even in that 
context, the combination of information from other classification schemes 
(e.g., ethnicity and geography) may be more accurate. Moreover, should 
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descent-associated population descriptors be used as proxies for environ-
ments, that research-design decision should be explicitly noted and its 
rationale explained.

Finally, readers should bear in mind that the recommendations in Table 
5-1 apply to the analytical use of population descriptors—that is, as vari-
ables or other tools in analysis. The committee recognizes, however, that 
researchers may wish—or be obligated—to use population descriptors for 
other research-related activities, notably for constructing and/or describ-
ing samples of individuals whose genetic material is to be analyzed. In the 
interests of equity, justice, or the diversification of human genetic data and 
knowledge about it, researchers may choose to use race and/or ethnicity in 
order to identify individuals to be included in their studies (Oni-Orisan et 
al., 2021), and Table 5-1 is not meant to govern such sampling decisions 
or procedures. Even outside the realm of analysis, however, the committee 
encourages scientists to carefully consider whether race and/or ethnicity are 
the most conceptually appropriate and useful descriptors for the informa-
tion they wish to capture, or the best guides to seeking a heterogeneous 
sample.

Population Descriptor Selection Guide

Table 5-1 is a highly condensed summary of the best practices described 
in this chapter. It should not be inferred to indicate in absolute terms what 
to use and not use in every circumstance. To use Table 5-1 effectively, the 
reader is advised to review the subsection “Key Terminology for the Selec-
tion Guide” above and consult the text describing the best practices for 
each specific study type in conjunction with viewing the table. In addition, 
the reader should note that Table 5-1 provides only a broad overview and 
summary of the best practices; additional considerations for decision mak-
ing are outlined in the decision tree (Figure D-1 in Appendix D) and in the 
body of this report.

The text that follows explains what is summarized in the table and 
illustrated in the decision tree in Appendix D. Although the text does not 
cover every possible variation of the genetics study types, the intent is for 
the discussion and examples to allow researchers to understand why certain 
population descriptors are recommended or discouraged depending on the 
type of study and the goals of the research.
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TABLE 5-1 Recommended Approaches for the Use of Population 
Descriptors by Genomics Study Type

LEGEND

 Preferred population descriptor(s)

In some cases; refer to Ch. 5 text and the 
decision tree in Appendix D 

� Should not be used

Descriptors could be used if appropriate 
proxies for environmental, not genetic, 
effects

E?

This table should be read and interpreted in conjunction with the report text. Consult the decision tree in 
Appendix D for more information and Chapter 5 text for best practices for each study type. See also the 
terminology box preceding the table and descriptions of each study type in Chapter 1 section “Classification 
of Genomics Study Types.” For any given study, the use of multiple descriptors may be preferable.
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Notes

1:  Gene Discovery - 
Mendelian Traits � 

Similarity suffices as a genetic 
measure; at fine-scale, other 
variables may be useful

2:  Trait Prediction - 
Mendelian Traits � 

No population descriptors may be 
necessary for analysis

3:  Gene Discovery -  
Complex Traits � 

Similarity suffices as a genetic 
measure

4:  Trait Prediction -  
Complex Traits � 

Similarity suffices as a genetic 
measure

5:  Cellular and 
Physiological 
Mechanisms

� �
No population descriptors may be 
necessary for analysis

6:  Health Disparities 
with Genomic 
Data


Not all health disparities studies 
rely on descent-associated 
population groupings, so none 
may be necessary for analysis

7:  Human 
Evolutionary 
History

�   
Reconstructing genetic ancestry 
may be of central interest

E

E E

E E

E E

E E

E E

? ? ?

?

?

?

?

?

?
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Study Type 1: Gene Discovery for Mendelian Traits

Sequence variants that underlie Mendelian diseases fall into two cat-
egories: de novo mutations and inherited ones. When the goal is identifying 
de novo mutations, as through family studies (e.g., Simons et al., 2013; 
Turner et al., 2017), no population descent-associated descriptors are nec-
essarily needed to identify variants. In some contexts, it may nonetheless 
be helpful to provide population descriptors (e.g., current geographic loca-
tion) for the families that were studied in order to enable identification of 
additional cases or study the geographical spread of new mutations (e.g., 
Wexler, 2004).

Conclusion 5-3. Where the goal is to describe families in which de novo 
mutations have been identified, the relevant information is likely much 
more finely scaled than broad categories like those labeled by conti-
nental ancestry (or other large-scale genetic ancestry) or by ethnicity. 

Best Practice 1: To enable identification of additional cases, rather than 
using genetic ancestry or ethnicity, researchers should use categories 
based on kinship (e.g., recent genealogical ancestors), identity-by-de-
scent information, or fine-scaled geographical or genetic similarity data.

Studies aimed at identifying Mendelian disease variants use not only 
pedigrees, but also collections of unrelated affected persons (loosely called 
cohorts). A small number of variants found in these affected persons will 
be de novo, but most will be inherited and of unknown functional signifi-
cance and pathogenicity. To annotate such variants, researchers commonly 
rely on a reference database comprised of data from individuals who are 
not diagnosed with the disease, in order to exclude those variants that are 
likely unrelated to the condition. In doing so, the goal is to exclude variants 
that are not rare (e.g., common variants) found in groups of individuals or 
populations with genetic backgrounds similar to one another. Alternatively, 
researchers may rely on a global reference panel to evaluate whether the 
variant of interest is at high frequency anywhere in the world, and if so, 
exclude it as a likely causal mutation.

Best Practice 2: Where researchers aim to match the genomes of fo-
cal individuals to people that are genetically similar, they should not 
rely on matching solely by racial (e.g., black), ethnic (e.g., Hispanic), 
geographic (e.g., West African), or national (e.g., Nigerian) categoriza-
tions, which are poor proxies for allele frequencies. Since in this context 
researchers are not interested in genetic ancestry per se, the committee 
further recommends that, when possible, they avoid ancestry category 
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labels (e.g., “Admixed-American” in the 1000 Genomes), as such label-
ing brings in additional, unnecessary assumptions (see Chapters 2 and 
4). The committee recommends instead that they rely on genetic simi-
larity measures to delimit the reference set to which to compare focal 
individuals and to describe study participants (Coop, 2022). 

Study Type 2: Prediction for Mendelian Traits

Examples of phenotypic prediction for Mendelian traits include pre-
natal or newborn screening (e.g., for Tay Sachs or phenylketonuria—PKU, 
respectively) or clinical testing for highly penetrant germline mutations 
that increase disease risk (e.g., Tan et al., 2017). Once the genetic basis for 
a disease has been elucidated, group labels may no longer be needed as a 
stand-in for allele frequencies. Instead, people can readily be genotyped for 
the variants themselves. Furthermore, making screening for specific alleles 
available only in people with particular descriptors (e.g., Tay Sachs only 
in children of Ashkenazi Jewish parents) will miss some disease-variant 
carriers (Dolitsky et al., 2020; Nazareth et al., 2015). In clinical scenarios, 
there may be exceptions where allele frequencies are necessary to estimate 
the genotype of missing parents. Here again, genetic similarity is more ap-
propriate than reference to genetic ancestry.

For some traits considered Mendelian (e.g., Huntington’s disease), prog-
nosis, for instance regarding the age of onset, depends on modifier alleles in 
the genome (GeM-HD Consortium, 2015). Where the modifier alleles are 
unknown, which they usually are today, information about genetic similar-
ity may be helpful in providing some information about allele frequencies 
at other loci in the genome. When the modifier alleles are known, however, 
sequencing the individual will provide much more accurate individual in-
formation than will population descriptors. 

Best Practice 3: Where the genetic basis of a trait is known, research-
ers should focus on characterizing the individual’s alleles rather than 
use population descriptors as an unreliable proxy for the genomic 
background. 

Phenotypic trait prediction of Mendelian disorders may also depend on 
environmental factors, such as air pollution or secondhand smoke exposure 
for children with cystic fibrosis (O’Neal and Knowles, 2018). In such cases, 
researchers may be tempted to include such population descriptors as race, 
ethnicity, or geography to capture shared exposures (Martinez et al., 2022). 
However, where the aim is explicitly to measure environmental effects, the 
committee recommends that descent-associated population descriptors not 
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be used in place of individual-level data, as the use of such descriptors runs 
the risk of erroneously suggesting that the effects of interest are genetic. 

Best Practice 4: Given that any descent-associated population descrip-
tor will be a poor proxy for environmental effects (Benmarhnia et al., 
2021; Martinez et al., 2022), researchers should aim to directly collect 
information about as many potentially relevant environmental factors 
as possible.

Best Practice 5: When including population descriptors for phenotype 
prediction of Mendelian traits, researchers should be explicit about 
whether the aim is to study genetic or environmental effects or both, 
and whether these can be disentangled given the study design. 

Study Types 3 and 4: Gene Discovery and  
Prediction for Complex and Polygenic Traits 

Complex traits, such as height or the risk of a disease such as type 2 
diabetes, depend on the effects of not only many loci across the genome 
but also the environment (Falconer and Mackay, 1996). In the past two 
decades, the main method to map the genetic basis of such traits has been 
genome-wide association studies of unrelated individuals (Hirschhorn and 
Daly, 2005). Such efforts have been motivated by two distinct goals: to 
identify loci that affect a particular phenotype, and to predict trait values 
in currently asymptomatic individuals (Visscher et al., 2017). Association 
studies are conducted in sets of individuals that have some degree of genetic 
similarity in order to better control for effects of alleles in the genomic 
background as well as potential environmental effects that correlate with 
the genomic background. How much of a problem environmental con-
founding presents depends on the trait (e.g., Okbay et al., 2022).

Study Type 3: Gene Discovery for Complex and Polygenic Traits

For researchers who are mapping variants that influence complex trait 
values, common practice is to describe their study participants as members 
of genetic ancestry groups that are labeled with geographic, ethnic, or racial 
terms. Such labels for inferred ancestry groups are defined at very different 
levels of resolution depending on the data at hand, such as the Southern 
European versus the white British subsample of the UK Biobank. Moreover, 
to increase their sample sizes when they lack access to the original data, 
researchers often combine summary statistics provided by different studies 
(Lesko et al., 2018). In that case, current practice usually consists of group-
ing them under a general label, such as European, without spelling out the 
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often-implicit assumptions about genetic and environmental effects in the 
combined samples or considering the genetic or environmental diversity 
within any such group (Coop, 2022). In this context, researchers are not 
interested in ancestry or race per se, and instead are aiming to identify study 
participants who are more genetically similar to one another, to better con-
trol for effects of the genomic background and correlated environmental 
effects. 

Similar considerations arise when conducting mapping studies in re-
cently admixed individuals (Shriner, 2013; Thornton and Bermejo, 2014). 
In this context, the mapping is conducted by considering local ancestry 
estimates, that is, inferences based on genetic similarity for different seg-
ments of the genome (Atkinson et al., 2021). Included in the statistical 
model also are sometimes genome-wide ancestry proportions, estimates 
that capture genomic background effects beyond the scale of local ancestry 
estimates, and, sometimes, ethnic or racial labels as a proxy for environ-
mental exposures.

Best Practice 6: When mapping variants that contribute to complex 
traits, the goal is to conduct the study in a set of individuals that are 
genetically more similar, rather than to infer ancestry per se. Therefore, 
researchers should characterize their study participants in terms of their 
genetic similarity to one another or to a reference panel, with a specified 
similarity measure (Coop, 2022). 

As an example, researchers would describe samples as “carrying geno-
types most genetically similar by measure X to the GBR panel of the 1000 
Genomes data set, as compared to individuals sampled elsewhere in the 
world” (GBR being the acronym for British in England and Scotland) 
(Coop, 2022) or by using coordinates in a low-dimensional representation 
of the data, like principal component analysis (PCA) or uniform manifold 
approximation and projection (UMAP) (e.g., “individuals projecting to the 
region [-0.1,-0.05] in PC1 and [0.3,0.5] in PC2 of a PCA generated from the 
1000 Genomes data set”). For recently admixed individuals, this description 
would then naturally lend itself to statements such as, “Seventy-three per-
cent of the genome is most genetically similar to genotypes of individuals in 
the GBR panel, and 27 percent of the genome is most similar to genotypes 
of individuals in the YRI panel” (YRI being the acronym for Yoruba in 
Ibadan, Nigeria). (Or alternatively, “73% of the genome is most similar to 
genomes from region 1 and 27% from region 2 in a 1000 Genomes PCA.”) 
This approach avoids descriptions of recently admixed people as either Af-
rican or European when they derive recent ancestry from diverse locations 
in both continents. Importantly, this descriptive change does not alter or 
compromise the underlying science. For comparability across studies, there 
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is still work to be done to assess which similarity method to use and how 
these may change with the composition of the reference panel and different 
choices of genotype measures.

Study Type 4: Prediction for Complex and Polygenic Traits

GWAS results can be useful for trait prediction, even where the mecha-
nism linking genotypic variation to phenotypic variation is not understood 
(Torkamani et al., 2018). In particular, the hope is to use polygenic scores 
(PGS) to identify individuals at high risk for specific diseases (e.g., Khera et 
al., 2018; Mavaddat et al., 2019). PGS are calculated by summing alleles 
carried by an individual, weighted by effect sizes of alleles that are estimated 
in association studies (often GWAS); PGS provide a predictor of a deviation 
from a mean value in a given study population (often adjusted for relevant 
covariates, such as sex and age) (Sirugo et al., 2019). 

Polygenic scores (also called polygenic risk scores) are based on GWAS 
that pick up not only causal loci but also genetic variants correlated with 
causal variants, to an extent that depends on allelic association (called link-
age disequilibrium or LD) patterns among sites (Choi et al., 2020). Since at 
present causal variants can rarely be pinpointed, the construction of a PGS 
requires weighting all these associations. In practice, therefore, phenotypic 
prediction of complex traits relies on LD patterns characterized in a set of 
individuals that are genetically similar, by some operational definition.

When the goal is to predict trait values—as distinct from identifying 
causal loci—it may not be as important to entirely control for environmen-
tal effects on the trait that are correlated with genetic differences. In some 
contexts, uncontrolled environmental stratification can actually enhance 
predictive power (Mostafavi et al., 2020). For related reasons, the practice 
of performing genetic prediction after stratifying by a population descriptor 
can increase predictive power because it implicitly captures both genetic 
similarity and shared environmental exposures. A danger, though, is that 
by including a contribution of nongenetic effects into what is widely under-
stood to be a genomic predictor, this practice will end up over-emphasizing 
the role of genetics in trait etiology and reifying group differences. 

Another important aspect of genomic trait prediction is generalizability 
beyond the GWAS study population. Generalizability is particularly impor-
tant because, to date, the vast majority of GWAS have been conducted by 
sampling people in Europe or those who report recent European ancestry 
(Martin et al., 2019; Mills and Rahal, 2020). Given that LD patterns vary 
across the globe (Charles et al., 2014), as do the frequencies of causal loci, 
the prediction accuracy of PGS is expected to decrease with genetic diver-
gence from the GWAS set, even if nothing else were to differ (Wang et al., 
2020, 2022). That decrease is seen in practice: PGS have lower prediction 
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accuracy with increasing genetic distance from the GWAS set of individu-
als (Martin et al., 2019; Privé et al., 2022; Scutari et al., 2016; Wang et al., 
2020). Factors other than LD and shifts in causal allele frequencies may 
also decrease prediction power, such as differences in the degree of environ-
mental variance or gene–environment interactions; in other words, genetic 
effects may differ across environmental settings (Giannakopoulou et al., 
2021; Mills and Rahal, 2020; Mostafavi et al., 2020; Wang et al., 2022). 

Best Practice 7: When predicting complex traits, the goal is to study a 
set of individuals that vary in a trait but are relatively similar geneti-
cally, rather than to infer ancestry per se. Therefore (as with Best Prac-
tice 5 and 6), researchers should characterize their study participants 
in terms of their genetic similarity (to one another or with regards to 
a reference panel), with a specified similarity measure (Coop, 2022). 

Considerations Common to Gene Discovery and Prediction  
for Complex and Polygenic Traits

The committee recognizes that after delimiting study participants based 
on genetic similarity to a reference panel, researchers may want to refer to 
the set of study participants with a label based on ethnicity (e.g., Yoruba), 
nationality (e.g., Nigerian), or geography (e.g., residing in Nigeria)—or a 
combination of various labels—either as shorthand in communicating the 
results, or to underscore a particular characteristic of the group that dis-
tinguishes their ethnicity, geography, or demographic history from that of 
the closest other individuals in the reference panel. In so doing, care should 
be taken to avoid applying broad labels (e.g., African ancestry) to panels 
represented by narrower sampling (e.g., YRI). This consideration under-
scores the need for more widely available, geographically and ethnically 
diverse reference panels. In every case, researchers should be transparent 
about their reasons for using such ancestry labels and for the choice of the 
particular label(s) in question. Importantly, in many cases, it may be un-
necessary to refer to genetic ancestry at all, since terms such as the study 
population, alongside information about how and where individuals were 
sampled, may be sufficient and require fewer assumptions. 

The committee further appreciates that when researchers use summary 
statistics from a previous GWAS and have no access to the individual-level 
genotype and phenotype data (e.g., when conducting a meta-analysis), it is 
not always feasible to assess genetic similarity to a reference panel. In this 
case, researchers should be explicit about the reasons for the nomenclature 
they have adopted or borrowed (e.g., if grouping many sets of individuals 
under a common label) and the procedure by which individuals have been 
retained or excluded from the sample; where possible, they should adopt 
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labels based on the use of genetic similarity. In this regard, those sharing 
data should also attempt to provide indirect measures of genetic similarity 
(e.g., summary statistics for coordinate positions in a reference principal 
component analysis) that might enable genetic similarity to be assessed 
more precisely than is possible with group labels.

Where no reference panel is available, researchers often use a group 
label based on an attribute that is common to the study participants, such 
as a subset of people who self-identify as “white British” in the UK Biobank. 
Researchers should be explicit about their reasons for choosing the attribute 
used to delineate and describe the study participants.

Best Practice 8: Researchers should describe samples in as many dimen-
sions as possible, using population descriptors, individual-specific envi-
ronmental data, and their ascertainment scheme (e.g., were participants 
recruited from a research hospital, in an urban or rural area, and so on). 

Best Practice 9: When descent-associated descriptors such as ethnicity 
or geography are used, researchers should be explicit about what types 
of effects they intend to capture—genetic, nongenetic, or both—and 
whether the effects can be teased apart reliably given the study design. 

Best Practice 10: Where the goal is to control for environmental ef-
fects that are correlated with genomic background effects, researchers 
should, if possible, replace or, at least, augment the use of population 
descriptors with more reliable and precise measures of individual en-
vironmental effects. Whenever labels remain, researchers should be 
explicit about their reasons for using them.

Cataloging the data collection in these ways will enable samples to be 
assessed for their genetic similarity to reference panels as well as for their 
similarity along nongenetic dimensions such as employment status or geo-
graphic location. A richer description of the data will also help to identify 
obstacles to generalizability beyond genetic similarity. A further benefit may 
be that forms of study ascertainment or enrollment bias could potentially 
be taken into account (e.g., Van Alten et al., 2022).

Finally, a major goal of all of these genetics and genomics studies, par-
ticularly GWAS, is to dissect the genetic and environmental architecture of 
these traits, and to identify the underlying mechanisms (pathophysiology). 
Further progress along this front will almost surely require the collection 
of new samples with new data, particularly longitudinal data, rather than 
simply retrofitting legacy studies.
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Study Type 5: Elucidation of Molecular,  
Cellular, or Physiological Mechanisms

Many studies that include human genetic data ultimately aim to un-
derstand the molecular, cellular, tissue, and physiological underpinnings of 
traits, sometimes triggered by gene discovery. One example might be studies 
aimed at understanding the genetic and neuronal mechanisms by which a 
DNA repeat expansion causes Huntington’s disease (Jimenez-Sanchez et 
al., 2017). Another is the molecular mechanism underlying messenger RNA 
(mRNA) vaccines against SARS-CoV-2: their development relied on an un-
derstanding of antibody production and chemical modifications to mRNA 
that help evade the human innate immune response, much of which was 
learned in mice, human cells, and other model systems (Delorey et al., 2021; 
Sadarangani et al., 2021). In such cases, where underlying mechanisms are 
expected to be shared by all humans (and often by other species), there is 
no compelling reason to stratify study participants by descent-associated 
population descriptors at all. 

As noted by Pavličev and Wagner (2002), “A shared mechanistic basis 
of a trait does not mean that exactly the same loci will be detectable by 
association with variation in this trait.” Conversely, the observation that 
variation in a trait differs in its allelic basis among humans does not imply 
that the underlying mechanisms are different. Thus, despite the universality 
of the underlying mechanisms of vaccination (Delorey et al., 2021; Sada-
rangani et al., 2021), humans vary in their specific response (Randolph 
et al., 2021), likely because of both genetic variants and environmental 
exposures. As an example, in all humans, myopia is caused by deforma-
tions in the shapes of the eye or cornea and can be corrected by eyeglasses 
(Chakraborty et al., 2020). Nonetheless, the genetic and environmental 
factors that lead to myopia likely differ across the world, owing to changes 
in allele frequencies, average effect sizes, and environmental exposures 
(Chakraborty et al., 2020; Li and Zhang, 2017). Researchers may be inter-
ested in understanding such perturbations to the underlying mechanisms 
and how they are distributed geographically, but often the primary goal is 
to leverage these perturbations (e.g., loss-of-function mutations) as a tool 
to better understand underlying mechanisms.

When specific candidate loci or salient environmental factors are un-
known, a common approach has been to use population descriptors, and in 
particular ancestry group labels, as a proxy for differences in allele frequen-
cies across the genome and potentially environmental exposures. A danger 
of this approach is the implication, implicit or explicit, that the underlying 
mechanisms themselves somehow differ by population descriptors, when 
in fact, the observed differences are caused by alleles at specific loci in the 
genome or varying environmental exposures (or interactions of the two). 
Once the nature of the perturbations has been identified, any observed 
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differences between groups defined by population descriptors will resolve 
as differences between individuals carrying distinct alleles and the environ-
ments to which they are exposed. 

Conclusion 5-4. Given that underlying cellular and physiological mech-
anisms are expected to be universal among humans, the default practice 
in such studies should be to not use any descent-associated population 
descriptors.

Best Practice 11: When researchers are interested in studying perturba-
tions to underlying mechanisms that arise from genetic variation, and 
the genetic variants are known, population descriptors should not be 
used as a substitute for individual information. If, instead, the genetic 
variants are unknown, and researchers are interested in delimiting a set 
of individuals with similar allele frequencies, they should rely on genetic 
similarity rather than such descriptors as ethnicity or geography.

Best Practice 12: Where the goal is to study the effect of unknown 
environmental exposures or possible gene–environment interactions, 
researchers should aim to replace or supplement population descriptors 
with direct information about potentially salient environmental factors. 
Regardless, researchers should be explicit about their intent in using 
population descriptors, including whether the aim is to study genetic 
or environmental effects or both, and whether these can be teased apart 
given the study design.

Study Type 6: Studies of Health Disparities with Genomic Data

Health disparities studies often compare groups of individuals identified 
by different descent-associated population descriptors (e.g., by OMB racial 
and ethnic categories). Some of these studies include genetic information, 
such as genome-wide genotyping data (Batai et al., 2021), data for variants 
at a single locus (e.g., apolipoprotein E gene—APOE4) (Torres and Kittles, 
2007), or tumor genome sequencing (Daly and Olopade, 2015; Spratt et 
al., 2016). Other health disparities studies include only nongenetic data but 
may assign the unexplained variance to untested genetic differences (e.g., 
Kistka et al., 2007). 

Conclusion 5-5. It is invalid to assign unexplained trait variance to any 
type of effect without direct evidence; notably, racial or ethnic phe-
notypic differences cannot be ascribed to genetic differences without 
evidence. The unexplained variance could be caused by environmental 
factors that are not considered or were imprecisely or inaccurately 
measured, or by inadequacy of the statistical model used.
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Given the variety of goals and sources of input data for different health 
disparity studies, it is helpful to consider some of these categories separately. 
Below is a short but incomplete list of three types of health disparities study 
that include genetic and genomic data.

• Health Disparities Study Type 1: The sole goal is to study the role 
of one or multiple genetic variants on observed or possible health 
disparities between groups.

Best Practice 13: In this type of study, what is needed is to consider 
the effects of the focal variant of interest among individuals with 
similar allele frequencies, so genetic similarity is the relevant de-
scriptor to use, and racial and ethnic labels should not be used. The 
use of genetic similarity to a reference panel is both more accurate 
and more transparent than using descent-associated descriptors 
such as race or ethnicity (Coop, 2022).

In cases where ancestries are correlated with traits such as skin 
color (Parra et al., 2004), which may mediate the effect of racism 
on health (Kittles et al., 2007; Teteh et al., 2020), genetic ancestry 
may be considered if these traits are a key component of the re-
search question. 

• Health Disparities Study Type 2: The goal is to study the effect of 
environmental exposures or examine possible gene–environment 
interplay. 

Best Practice 14: Researchers should avoid racial or ethnic labels 
because they are poor proxies for differences in environmental 
exposures. Instead, the committee recommends that they replace 
or supplement descent-associated population descriptors with in-
formation about the relevant factors that mediate differences in 
environmental exposures, such as education, types of employment, 
housing quality, and access to health care, to name only a few. 

There is one exception to Best Practice 14. When the goal is explic-
itly to study the effect of structural racism and discrimination, then 
racial and ethnic labels may be appropriate but need to be carefully 
described (e.g., self-identified or not) and justified. Instruments and 
variables that measure discrimination (e.g., Williams’s Everyday 
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Discrimination Scale1) or mediators of discrimination directly may 
be more appropriate, although challenging to implement (Harde-
man et al., 2022).

• Health Disparities Study Type 3: Although the goal is to study the 
effect of environmental exposures or examine possible gene–en-
vironment interplay, information about environmental factors is 
limited.

Best Practice 15: If environmental information is unavailable and 
population descriptors such as race or ethnicity are used as proxies 
for it in such studies, for example in analyses of electronic health 
records, then their source should be described in detail (e.g., self-
reported or assigned by provider) and along multiple dimensions 
(e.g., Hispanic, Mexican-American, rural, sampled in Texas health 
clinic, born in Texas). Moreover, the researcher should explicitly 
state why each descent-associated population descriptor is being 
used, by identifying specifically what types of effects their inclusion 
is intended to capture and the accuracy of this capture. 

Study Type 7: Studies of Human Evolutionary History

Population genetics studies of human history and prehistory aim to 
use genetics to make inferences about the genetic evolution of humans and 
integrate such inferences with data from archeology, history, paleontology, 
and other disciplines (e.g., Nielsen et al., 2017). Many such studies analyze 
variation data using models and methods that employ the mathematical 
construct of discrete, unstructured populations (Gutenkunst et al., 2009; 
Patterson et al., 2012; Pritchard et al., 2000). It is common practice also to 
rely on samples collected by geographic or ethnic criteria (e.g., Scheinfeldt 
et al., 2019). 

Some studies of human evolutionary history embed all samples within 
the same analytic structure, notably when inferring an ancestral recombi-
nation graph (e.g., Schaefer et al., 2021). In that case, descent-associated 
population descriptors may not be necessary, such as when the goal is to 
estimate the time to the most recent common genetic ancestor of modern 
humans at a locus (Mallick et al., 2016). 

Nonetheless, population descriptors will often be needed to describe the 
sample collection scheme to other researchers and to capture characteristics 
of sampled individuals that help place them in a historical and geographic 
context. These descriptors might include the geographic provenance of the 

1 See https://scholar.harvard.edu/davidrwilliams/node/32397 (accessed January 20, 2023).
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sample, or some indicator of the geographic or ethnic affiliation of an indi-
vidual’s recent ancestors (e.g., via grandparental birthplace questionnaires, 
or by reference to ethnicity, such as “Houston residents who identify ethni-
cally as Gujarati”). In many circumstances, a sample will be labeled by the 
ethnicity, current geographic location, or commonly spoken language of 
present-day people to which its genome bears the greatest genetic similarity 
(e.g., Yoruba, Andamanese, Basque). 

Conclusion 5-6. In genetics studies of human evolutionary history, 
social or geographic population descriptors are often used to describe 
genetic ancestry groups inferred based on genetic similarity (e.g., labels 
may be based on shared characteristics of participants such as language 
spoken, self-identified ethnicity, or location sampled) in order to shed 
light on population history. 

In studying human evolution, researchers may also be interested in 
studying the genetic and phenotypic changes that occurred in response to 
localized selection pressures. To study such biological adaptations, which 
occur through systematic changes in allele frequencies over generations in 
groups of individuals, researchers will often delimit a set of people whose 
ancestry is thought to have been subject to similar selection pressures at 
some time point (e.g., to study the evolution of lactose tolerance in descen-
dants of Nilotic-speaking pastoralists from East Africa in the past several 
thousand years). A challenge is that the appropriate scale will often be un-
known a priori. For example, in studying human adaptation to Plasmodium 
vivax, continental groupings likely do not offer the necessary fine-scale 
resolution. Then one must address whether to try to enrich specifically for 
individuals whose recent genetic ancestors lived in environments where P. 
vivax was common, or focus on individuals currently living in such envi-
ronments, despite the fact that their ancestors may not have been subject 
to the same pressures. 

Best Practice 16: When gathering new data in genetics studies of hu-
man evolutionary history, after researchers engage local communities 
as described in Chapter 4, they should collect and include population 
descriptors along multiple dimensions, both to convey the myriad ways 
in which an individual could be described and to enable additional 
uses of these samples in the future. Notably, in addition to genetic 
data, researchers should also report their sampling location and when 
known, their birthplace, parental birthplaces, language(s) spoken, and 
self-described ethnicity. However, researchers should be consistent with 
population descriptors used for all samples in a study (for example, it is 
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not good practice to use self-identified ethnic group for some samples 
but geographic origin for others).

The committee appreciates that many researchers will use existing data 
and therefore inherit population descriptors that may not be of their design. 
In that case, researchers should be transparent about the specific criteria 
according to which they included or excluded individuals. Moreover, when 
using legacy data, researchers should be mindful to apply consistent popu-
lation descriptors across samples within the study. New labels may be ap-
propriate to define, and when doing so, the new labels and their relationship 
to previous ones should be communicated.

While not a focus of this report, the committee notes additional chal-
lenges can arise in assigning population descriptors in studies of ancient 
DNA, which often integrate genetic data with archeological, or even histori-
cal data, to make inferences about modern population origins. Individuals 
in such studies are often given population labels based on cultural practices 
inferred from material objects identified from archeological data (e.g., the 
Corded Ware and Yamnaya cultures) (Eisenmann et al., 2018). Assigning 
cultural population names to ancient individuals clustered together using 
genetic data can be problematic. As Eisenmann and colleagues note:

Giving groups that have been identified through a completely different 
line of evidence—in this case material culture and genomics—the same or 
related names results in their conflation and the archaeological designa-
tions risk becoming reified in genetic terms (and vice versa) (Eisenmann 
et al., 2018). 

Their recommendation is to either label genetically defined populations 
numerically (giving no cultural label) or use a mixed system where names 
are based on a combination of geographic and subsistence terms, and a 
relative time span, together with archeological culture when appropriate 
(Eisenmann et al., 2018). One example of such a label would be to describe 
individuals from present-day Spain and dating to the Early Neolithic pe-
riod as “Spain_EN” (Eisenmann et al., 2018). Such practices are in general 
alignment with the principles outlined in this report, though the committee 
reiterates that consideration of the questions of interest when choosing 
what labels to use, if any, is paramount.

Decision Tree for the Use of Population Descriptors

To aid a researcher contemplating a specific genetics or genomics study, 
the committee believes that a decision tree to systematically decide which 
descent-associated population descriptors to consider using and which to 
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avoid is a helpful addition to the table. The decision tree can be found in 
Appendix D. The process begins by asking the following questions:

1. What is the purpose of your study?
2. Are you collecting new data, working with existing individual-level 

data, or using summary-level legacy data?
3. Does your research question pertain to environmental sources of 

differences?
4. If the answer to question 3 is yes, then do you plan to study envi-

ronmental effects as a predictor or as a control variable?

CONSIDERATIONS FOR HARMONIZATION  
OF POPULATION DESCRIPTORS ACROSS STUDIES

In general, harmonization enhances comparability of data among dif-
ferent studies and enables the continued use of existing data to answer 
new research questions (Doiron et al., 2013; Khan et al., 2022; Wallace et 
al., 2020). Harmonization of population descriptors, specifically, would al-
low greater interoperability among data sets in human genomics research. 
Although the advantages of harmonization are clear, there are many chal-
lenges to the harmonization of population descriptors (see “Challenges of 
Harmonization and Legacy Data” in Chapter 1). Descriptors differ not only 
in scale or resolution but also in the concepts they represent. For example, 
is it possible to harmonize studies where one uses race or ethnicity, another 
uses geography, and yet another genetic similarity? Another consideration 
is the harmonization of descriptors to account for both unique preferences 
and the needs analytical groups may have within the consortia (Lee et al., 
2019). There is a fundamental tension between harmonization on one hand 
and flexibility or specificity on the other, and the solution is not straightfor-
ward. To cope with these challenges, informatics tools have been developed 
to harmonize data and metadata. Some examples include common data 
elements (see Box 5-2), machine learning algorithms, visualization tools, 
and data processing standards.

Over time, regularly employing the best practices and recommendations 
in this chapter will promote harmonization across studies. As illustrated 
through the best practices above, different descriptors may be warranted 
based on study design. Just as individual investigators should be mindful of 
the purpose of their study, harmonization efforts similarly need to consider 
research objectives since the context shapes the appropriate use of popula-
tion descriptors. The objective is less to offer a single definitive descriptor 
or set of labels but rather systems and approaches for harmonization—that 
is, clear ways to denote which population descriptors are used and why and 
how to merge data sets that may have used different descriptor schemes. 
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Upholding the principle of transparency and adhering to Recommenda-
tions 6, 7, and 8 inherently support harmonization through the application 
of consistent definitions of population descriptors and transparent com-
munication of methods. More specifically, for novel data collection, data 
should be collected per individual along multiple nongenetic dimensions 
and population descriptor types that may facilitate other studies. In addi-
tion, clear instructions should be provided on how downstream users can 
respect consent and any collaborative agreements with study participants 

BOX 5-2 
Common Data Elements for Researchers to Include as 

Metadata to Help Harmonize Across Studies

Systems for improving data sharing and harmonization are an important research 
need. When sharing data, researchers could explicitly share a set of accessory 
files that provide information to communicate their labeling schemes. An example 
of useful common data elements to include would be: 

Per population descriptor:
• Overall rationale for the population descriptor (e.g., classification scheme) 

and associated group labels
• Set of possible population descriptor values (e.g., group labels) and rec-

ommended abbreviations of label values used in study
• Per individual in the study:

•• Label value
•• Provenance of label value: Self-report, ascribed externally and by 

whom, other
• When using existing data, if a new set of population descriptor values (e.g., 

group labels) is being used instead of those used in the original data set, 
provide a mapping of how old labels map onto new labels.

For example, for geographic population descriptors:
• Identification of specific geographic labeling scheme (e.g., based on sam-

ple location, birthplace)
• If relevant, set of geographic entities with associated shape files defin-

ing boundary of the entity or latitude/longitude specifying representative 
locations

• Per individual either:
•• Point based:

█ Latitude
█ Longitude
█ Estimated mean square error in units of kilometers
█ Provenance: Self-reported, ascribed externally, other

•• Geographic entity based:
█ Entity value
█ Provenance: Self-report, ascribed externally, other
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regarding population descriptors. For existing individual-level data, the 
available metadata can be used while following existing agreements and 
consent structures to form the population descriptors (see the decision tree 
in Appendix D).

Harmonized population descriptors that are well understood would 
be highly valuable. In the context of genetics studies, genetic similarity to 
specific reference sets could have advantages for promoting harmonization. 
While a broader sampling of human genetic diversity is needed, current can-
didates for specific reference sets include, for example, data from the 1000 
Genomes Project, the Human Genome Diversity Project, and the Simons 
Genome Diversity Project (1000 Genomes Project Consortium et al., 2015; 
Bergström et al., 2020; Cann et al., 2002; Mallick et al., 2016). 

A specific challenge is harmonizing across studies so readers of a re-
search manuscript can understand a label quickly and in a technically pre-
cise way. For example, a possible methods description that adheres to the 
guidelines outlined in this report would be: “To minimize heterogeneity in 
genetic ancestry across our sample, we filtered our sample to only include 
individuals with a pairwise genotypic dissimilarity less than 10-3 to the cen-
troid of the Yoruba of Ibadan sample of the 1000 Genomes Project.” A pos-
sible critique of this language though is that this language may be perceived 
as bulky and difficult to apply throughout a study write-up. Researchers 
will be eager to find more concise language. In that regard, one possible 
approach is to favor using a sample abbreviation and the suffix -like. So, 
in a setting where conciseness is prioritized, instead of the above phrasing, 
one might say “1KG-YRI-like individuals” (see Box 5-3).

The overall approach of using an abbreviation and the -like suffix is 
compatible with other descriptors, such as geographic and ethnic descrip-
tors. So, one might for example, if scientifically justified, conduct a study 
on “self-described ethnically Italian individuals sampled in Houston, Texas, 
who are 1KG-TSI-like” to refer to self-described individuals sampled from 
Houston, Texas, who were further filtered based on genetic similarity to the 
1000 Genome Project sample of Tuscans of Italy (TSI) individuals.

The approach also offers researchers flexibility regarding the choice 
of reference panels and the scale at which they are analyzed. For example, 
while the committee generally recommends against continental-scale con-
ceptualizations of human genetic variation, in the “chromosome painting” 
(e.g., local ancestry calling) approaches that are common in human genet-
ics, continental-scale conceptualizations are prominent in many analysis 
pipelines. In such settings, it is still possible, and favorable, to use concise 
descriptors (e.g., “we partition the genome into tracts that are 1KG-EUR-
like and 1KG-AFR-like”) in place of using continental ancestry labels 
as is common practice (e.g., “we portioned the genome into European 
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“superpopulation”2 (EUR) ancestry tracts and African “superpopulation” 
(AFR) ancestry tracts”). The changed language is concise and more infor-
mation rich while avoiding the implication of clear continental boundaries 
in human genetic variation. For admixed individuals themselves, a harmoni-
ous approach using the language of genetic similarity would be to refer to 
the best approximating reference group; for example, “1KG-PEL-like,” and 
“1KG-PUR-like” are two among many possible genetic similarity descrip-
tors of Latino populations, with PEL = Peruvian in Lima, Peru, and PUR = 
Puerto Rican in Puerto Rico. 

While potentially difficult to read by novices, the use of abbreviations 
for precision and conciseness is in fact a key aspect of scientific language in 
many fields (e.g., chemistry and the abbreviations for the elements, though 
the committee notes the analogy is not exact as there are no fundamental 
elements with regards to genetic ancestry). Their use in many scientific 

2 For example, the 1000 Genomes Project uses a classification of five superpopulations: 
Africans (AFR), Admixed Americans (AMR), East Asians (EAS), Europeans (EUR), and South 
Asians (SAS). 

BOX 5-3 
Concise Language for Genetic Similarity:  

The Abbreviation + -Like System

Because the language used to fully describe population descriptors in terms 
of genetic similarity may be cumbersome, it may be useful to adopt an approach 
that uses a sample abbreviation and the suffix like.

For example, one might use the abbreviation “1KG-YRI-like individuals” for 
“individuals with a pairwise genotypic dissimilarity less than 10-3 to the Yoruba of 
Ibadan sample of the 1000 Genomes Project.” 

The use of -like as a suffix is a form of abbreviation for a procedure of 
defining similarity. Although there is an element of vagueness, it is concise, and 
for readers who need to understand the exact procedure used for ascribing this 
designation, they should be able to find in a well-written methods section what the 
precise procedures and thresholds used were to define the term. 

Abbreviations are often disfavored in science communication and writing, 
but in this setting, attempts to use more accessible wording such as European 
ancestry in place of precise language are so prone to misunderstanding and 
propagating misconceptions that use of such terms is often counterproductive. An 
abbreviation implicitly invites a reader to read deeper into the technical meaning 
of the abbreviation rather than proceed with preconceived notions. For example, if 
one does not immediately recognize “1KG-YRI” as indicating the 1000 Genomes 
Project Yoruba of Ibadan (YRI) reference panel, they need to read deeper in the 
methods and understand what is meant.
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fields is evidence that abbreviations are not an impediment to scientific 
communication and can foster a culture of concise reference to precisely 
defined entities. A potential caveat of this approach is that one study’s 
definition of XX-like may be different from another group’s because of 
varying definitions to define a threshold on similarity. Standardization for 
such genetic similarity procedures may be feasible, and would be fruitful 
to develop, especially as a fuller representation of human genetic variation 
is sampled by ongoing studies. Nonetheless, the abbreviation plus -like ap-
proach would have less vagueness than the current widespread use of such 
terms as European genetic ancestry and African genetic ancestry, where 
both the reference populations and the methods to ascribe an affiliation to 
European or African sources are unclear and make implicit assumptions 
about the time frame of interest.

As investigators grapple with these complex challenges, harmoniza-
tion efforts will continue to take many forms. Importantly, given the mul-
tiuse nature of modern data sets, any future harmonization efforts must be 
meaningful in how they aggregate populations or harmonize labels, while 
remaining flexible to uses and studies. Further alignment across the field to 
implement the recommendations and best practices described in this report 
can go a long way toward enhancing harmonization of the use of popula-
tion descriptors (see Chapter 6).
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6

Implementation and Accountability

[This] conversation has been going on for a long time without much reso-
lution—that suggests that perhaps we’re asking the wrong question or that 
there are some important structural barriers in the practices of science that 
have prevented us from making progress. Standardization of population 
descriptors is a misguided goal. It creates a false sense of comparability 
across data sets, and it might actually also be disrespectful to participants. 
Instead of standardization of population descriptors, I think we ought to 
spend much more time in our genome science collecting data about culture, 
social experience, social status, and environmental exposures. I think if 
we have good measures of those things, we’re much more likely to have 
replicable genome science. 

—Pilar Ossorio, testimony to the committee  
in a public session on April 4, 2022

INTRODUCTION

As was noted in Chapter 1, this is not the first report, publication, or 
conference proceedings to recommend ways to change how descent-associ-
ated population descriptors should be used in genetics and genomics. Nor 
should it be the final word in an evolving field. There are a few elements, 
though, that make this report distinct. One is the political climate in which 
it is proffered. In the time following the historic social events of 2020, there 
has arisen an urgency in research and health care institutions to examine, 
address, and change the structural racism that is embedded in many systems 
(Bailey et al., 2020; Churchwell et al., 2020). Another is the committee’s 
attempt to examine the entire research ecosystem, from funders, research-
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ers, and their institutions to study participants, journals, and professional 
societies. A third defining feature of the report is the subject of this chapter. 
The committee strongly believes that for this report to change both indi-
vidual and collective behavior, the recommendations need to be actionable, 
the implementation processes should contain incentives, and the people and 
institutions involved need to be held accountable on an ongoing basis and 
in meaningful ways to demonstrate progress toward specific goals.

IMPLEMENTATION ACROSS THE  
GENOMICS RESEARCH ECOSYSTEM 

There are many players in the genomics research ecosystem. To make 
the changes recommended in this report, there is a need for partnership 
among all of these interested parties to support the researchers during this 
process of implementation; working together across the research enter-
prise offers part of the solution. Moreover, there is a shared responsibility 
for making these changes across an interdisciplinary research community. 
Without support for these changes throughout the community, the burden 
of implementation will likely fall disproportionately on individual research-
ers, who typically lack the personnel and funding resources to adhere to 
noncompulsory guidelines in a sustainable fashion.

The recommendations and the strategies to implement them presented 
in Chapters 4 and 5 are directed primarily to researchers. In this chapter, the 
focus is on the other relevant parties who are equally responsible in effect-
ing lasting change in how population descriptors are used in genetics and 
genomics research. It will be evident that all of these recommendations and 
strategies also involve or affect research scientists. To fully implement these 
recommendations as well as create structures and systems that enable and 
incentivize researchers to collect and include environmental data and en-
gage communities, support from institutions and funding agencies is needed 
to facilitate collaborations between genetics researchers and researchers in 
other disciplines such as the social sciences.

Study Participants and their Communities

While study participants are essential to a research project probing hu-
man genetics or genomics, these individuals or communities typically have 
little say in how their data are used and reported, though that is changing 
with platforms such as LunaDNA1 and Genetic Alliance Registry2 that 
place people at the center of the decision making about when and how their 

1 https://www.lunadna.com/ (accessed January 3, 2023).
2 https://geneticalliance.org/registries/ga-registry (accessed January 3, 2023).
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health information is used. Traditionally, individual study participants often 
are given a limited list of population labels to choose from, and these often 
fail to capture how they identify themselves (Kaplan and Bennett, 2003), as 
evidenced by the increase in the checking of the “some other race” box or of 
multiple boxes in the current census categories (Roman, 2022). Moreover, 
research staff responsible for recruitment may guess or assume population 
labels for the study participants (Borrell et al., 2021) to avoid having miss-
ing data. And even if participants self-identify to their own satisfaction, re-
searchers may later combine them into categories with labels that no longer 
capture the identity that participants would have selected themselves (Hunt 
and Megyesi, 2008). These issues violate the guiding principles of respect, 
beneficence, and equity and justice (see Chapter 3).

To improve this misalignment of identities, researchers working in close 
partnership with individual study participants, and especially communities, 
can work to better understand how individuals identify themselves and, 
in some cases, why these are the descriptors or group labels they will use. 
When individuals are empowered to identify themselves on their terms, and 
have input into the research study design, they are more likely to have trust 
and investment in the study and its outcomes (CTSA Consortium, 2011). A 
more person-centered model is adopted in some community-based studies 
investigating population genetics, because in these studies, getting to know 
the community is already understood and accepted as a necessary prereq-
uisite to collecting data. Without this partnership, some communities may 
refuse to participate, as they have in the past. A person-centered model is 
not typically the case in larger studies (e.g., long-term studies of health 
and disease) and becomes especially problematic when data from multiple 
studies, often collected at different times, are merged for analysis. It should 
be noted that community engagement may add additional costs as well as 
burden to participants and the community, specifically of their time, which 
could reduce participation by diverse communities. 

In some situations, though, researchers may have to limit the number of 
population categories they can use for their study in order to have groups 
that are large enough to yield statistically robust answers, or to prop-
erly address a specific question within the study with adequate statistical 
power (IOM, 2009). In these cases, consent should be sought to aggregate 
individuals in particular ways, with a dialogue between researchers and 
participants as to why it may involve altering their population identities. 
Clear information should be provided to study participants about the study 
design, methods, objectives, and possible outcomes and impact. This infor-
mation should be supplied by the researchers or, perhaps in larger studies, 
by the funding agency. Respect for participants can also be evoked by rec-
ognizing and including mechanisms in a study for nondisclosure of data as 
well as the possibility for participants to exit the study or revoke consent. 
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Conclusion 6-1. Forging partnerships between researchers and study 
participants and their communities is critically important and has ben-
efits beyond building trust and mutual respect between relevant parties. 
By working collaboratively with study participants, researchers will 
better understand the identities, cultures, traditions, and practices of 
communities, thus improving the understanding of the types of infor-
mation that should and could be collected for a strong study where the 
outcomes could, in turn, have the ability to improve the health of the 
communities who participate.

Funders of Genetics and Genomics Research

Funding agencies and organizations can play a major role in changing 
how population descriptors are used. For example, they could establish 
requirements to follow the recommendations in this report for all fund-
ing requests, reviews, and decisions. When developing funding concepts, 
requests for information or proposals could promote the recommendations 
and encourage adherence to them. One tool to assist researchers as they pre-
pare their proposals would be a checklist, such as the Preferred Reporting 
Items for Systematic Review and Meta-Analyses (PRISMA),3 Consolidated 
criteria for Reporting Qualitative research (COREQ),4 and Consolidated 
Standards of Reporting Trials (CONSORT)5 checklists used for systematic 
reviews, qualitative research, and clinical trials, respectively. A simple and 
clear checklist can be a useful tool for changing behavior and being proac-
tive about avoiding commonly made errors (e.g., World Health Organiza-
tion (WHO) surgical safety checklist).6 A sample of what a checklist might 
contain for researchers using population descriptors in genetics research is 
in Box 6-1. As with other checklists, the intent is to make clear to research-
ers at the beginning of the study development or application process what 
they need to include. It promotes transparency and enables researchers to 
carefully evaluate the role and need for specific population descriptors in 
their proposal. A variation of the checklist is a decision tree, another tool 
for assisting the researcher in evaluating whether to use population descrip-
tors, and if so, which ones are appropriate to use based on the objectives 
of their research and the characteristics of their data, among other features 
(see Appendix D and Chapter 5 for more detail). A checklist or decision tree 

3 https://prisma-statement.org/prismastatement/Checklist.aspx (accessed January 3, 2023).
4 https://cdn.elsevier.com/promis_misc/ISSM_COREQ_Checklist.pdf (accessed January 3, 

2023).
5 https://www.consort-statement.org/media/default/downloads/CONSORT%202010%20

Checklist.pdf (accessed January 3, 2023).
6 https://www.who.int/teams/integrated-health-services/patient-safety/research/safe-surgery/

tool-and-resources (accessed January 3, 2023). 
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supports the guiding principles of validity, reproducibility, and replicability 
(see Chapter 3).

Funding agencies can further support this report’s recommendations 
during the review of grant applications. For example, currently, researchers 
are not required to explain why a certain category of population descrip-
tors was chosen and how they will be treated in statistical analysis, nor is 
this systematically evaluated in the study section. Desirable change would 
be greatly motivated if a study section were to consider how researchers 
intend to use population descriptors during the procedural checks for hu-
man research protocols. To assist both researchers and reviewers, a table or 
form would permit a more objective determination as to whether a proposal 
has addressed the necessary issues around using and reporting population 
descriptors and can be equally applied across all proposals. A similar form 
could assist in the poststudy reporting process, since many times the antici-
pated labels may change depending on the sample composition and how 
individuals self-identify.

One of the challenges for researchers in adopting the report’s recom-
mendations is that the Office of Management and Budget (OMB) Directive 

BOX 6-1 
Example Checklist that Funders of  

Genetics and Genomics Research Can Implement for 
Researchers

• What is the source of the data for your study?
• Are these individual-level data or group-level summary data?
• Have you clearly defined the purpose of your study?
• Have you engaged with the community that you would like to study?
• Has the community that is offering the use of their data to you had opportuni-

ties to identify themselves and explain why these are the descriptors they use 
to identify themselves? (Alternatively, has the research group sharing data 
provided guidance for how to develop population descriptors for the communi-
ties they have sampled?)

• Has consent been given for broad reuse of the data in research?
• Have you completed any required training on population descriptors?
• Have you determined which population descriptors are most appropriate for 

your study and understand why?
• Is interdisciplinary expertise needed to design and conduct the study and 

evaluate the data?
• Do you have a plan to clearly communicate the results of your study with the 

research community, including research participants?
• Do you plan to collect multiple descriptors, including specific measures of 

relevant environmental factors?
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15 has confounded the way that population descriptors are used and re-
ported in genetics and genomics research (see the section “Population Clas-
sification Schemes in Genetics and Genomics Research” in Chapter 1).

Conclusion 6-2. It would be a helpful step in implementing this report’s 
recommendations if funding agencies instructed researchers that they 
do not have to use the OMB categories to group individuals in their sci-
entific work. Researchers need to know that, in general, they only have 
to use these categories when reporting study participant demographics 
of those they recruited. That is, the need and rationale for reporting to 
funding agencies is distinct from how researchers design their study and 
analyze their data. In the latter cases, researchers should use the most 
appropriate population descriptors for the questions they are probing 
instead of using the OMB categories reflexively.

Professional Societies and Research Journals

Over the past several decades, a number of professional societies have 
developed statements or guidelines on race, ethnicity, human diversity, and 
multicultural practices. Statements, such as the one on race published by 
the American Association of Physical Anthropologists (AAPA, 1996), were 
intended for their members and colleagues and not specifically focused on 
genetics. During the Office of Management and Budget’s review of Direc-
tive 15, the American Anthropological Association (AAA) submitted a set 
of recommendations in response to the OMB–requested comment period 
for the recommendations from the Interagency Committee (AAA, 1997) 
based on the similar scientific thinking espoused by the AAPA the previous 
year. The next year, the AAA prepared a statement on race for its members 
(AAA, 1998). Twenty years ago, the American Psychological Association 
(APA) prepared an extensive set of guidelines intended to assist their mem-
bers and fellow psychologists in improving their cross-cultural interactions 
(APA, 2003). Recognizing that the concepts of race, ethnicity, and culture 
are dynamic, several of these societies have updated their guidelines recently 
(APA, 2017, 2019; Fuentes et al., 2019). Other organizations, like the 
American Medical Association (AMA), have followed suit (AMA, 2020a,b).

In every case, the guidelines have been aspirational and intended to 
encourage their professional colleagues to become educated and informed 
about how they view race, ethnicity, ancestry, and other descriptors, and to 
be aware of how they use these descriptors and associated language in their 
research, practice, writing, and conversation. For example, the AMA recom-
mends “that clinicians and researchers focus on genetics and biology, the 
experience of racism, and social determinants of health when describing risk 
factors for disease” (AMA, 2020b). However, these factors are conflated.
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In some cases, the guidelines of a professional society inform the guide-
lines or standards of their journals. For example, American Psychologist, the 
APA’s flagship journal, requires authors to use “bias-free and community-
driven language” (APA, 2022), which is explained in the APA Publication 
Manual. Genetics in Medicine, which is an official journal of the American 
College of Medical Genetics and Genomics, provides author guidelines for 
reporting on diversity, race, ethnicity, sex, and gender.7 Likewise, the Jour-
nal of the American Medical Association (JAMA) has detailed guidance on 
reporting on race and ethnicity (Flanagin et al., 2021). JAMA’s guidelines 
have been adopted by other publications, such as the American Journal of 
Human Genetics (B. Korf, AJHG, personal communication, September 16, 
2022). 

The difficulty these societies and their journals face is how to get mem-
bers and authors to abide by these guidelines. Journals can require that cer-
tain types of language be used or avoided, and they can memorialize that in 
their style guides and have their editors enforce the standards (e.g., Nature 
Human Behavior)8 (Flanagin et al., 2021). But this is insufficient. What is 
necessary is an understanding of the underlying issues during study design 
and long before data analyses: the moment of publication is far too late.

As was suggested to funding agencies to facilitate the submission of 
grant applications, journals could create a checklist focused on population 
descriptors and how researchers should present them in the methods and 
results sections, in tables and figures, and what explanatory information is 
needed concerning why certain descriptors were chosen for or left out of an 
analysis (for example, see Box 6-2). Journals could come together to adopt 
the principles and recommendations in this report through organizations 
that are set up to change the publishing culture such as the Committee on 
Publication Ethics. This committee provides both best practices and educa-
tion modules to set a new standard for adopting ethical publishing practices 
across a variety of disciplines internationally.

Among their other uses, publications are an essential measure of a 
researcher’s productivity. As such, “getting published” can be a powerful 
incentive, so journal editors have leverage that could encourage researchers, 
and perhaps other entities within the research ecosystem such as research 
institutions, to change how they understand and use descent-associated 
population descriptors. For example, a journal could adopt the recom-
mendations in this report by creating editorial review checks to ensure that 
authors whose papers are sent out for peer review have adhered to these 
recommendations.

7 https://www.elsevier.com/journals/genetics-in-medicine/1098-3600/guide-for-authors (ac-
cessed January 3, 2023). 

8 https://www.nature.com/nathumbehav/editorial-policies/ethics-and-biosecurity#race-eth-
nicity-racism (accessed January 3, 2023). 
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Research Institutions

The climate and infrastructure of research institutions greatly influence 
the ways in which research is carried out within their organizations. Thus, 
universities, private research centers, and government agencies are key 
partners in assisting researchers as they strive to implement this report’s 
recommendations and adhere to its guiding principles.

This report was created by an interdisciplinary team of geneticists 
and social scientists. This combination of expertise and points of view has 
been essential in developing the recommendations, guiding principles, and 
strategies for implementation. The committee feels strongly that research in 
human genetics and genomics would benefit from collaborations between 
social scientists (such as anthropologists, sociologists, and demographers), 
historians, ethicists, epidemiologists, and biologists. Institutions can facili-
tate these interactions through the development of infrastructure that makes 
collaborations easy to start, supporting them financially, and encouraging 
researchers to form and sustain collaborations. There are several examples 
that could serve as models: Northwestern University’s Institute for Policy 

BOX 6-2 
Example Checklist that Journals Can Implement for Genomics 

Researchers

• Is there a description in the methods section of population descriptors (e.g., 
race and/or ethnicity, geography) that were collected?

• Are the source data of each population descriptor reported (e.g., database, 
electronic health record, survey)?

• Is there a description of how participant population descriptors were selected 
and how group labels were assigned?

• Is a scientific justification provided for collection of population descriptor data?
• Are population descriptors being used as proxies for environmental variables? 

If so, is this noted and explained? 
• Are appropriate reference categories for the populations of interest being used 

as reference categories in analysis? Is there a scientific justification for these 
approaches?

• In studies of genetic contributions to health disparities, are social influences, 
environmental exposures, and other likely relevant variables included? If not, 
is the lack of assessment of the possible roles of these nongenetic factors 
discussed as a limitation?

SOURCE: Adapted from Genetics in Medicine’s Guide for Authors, https://www.elsevier.com/
journals/genetics-in-medicine/1098-3600/guide-for-authors. 
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Research’s Cells to Society–The Center on Social Disparities and Health9; 
UCLA’s Institute for Society and Genetics10; Duke University’s Office of 
Interdisciplinary Studies11; and University of Wisconsin-Madison’s Center 
for Demography of Health and Aging,12 to name a few.

One of the confounding issues in studying trait variation is distinguish-
ing between genetic and environmental factors (see Chapter 2). Geneticists 
focus on understanding the causes and consequences of human genetic 
variation. Factors that interfere with accurately determining these effects 
create barriers to optimal genetics research that may be addressed through 
study design and analysis. Geneticists and researchers using genetic and 
genomic tools may lack the social and environmental data they need to 
analyze the most appropriate nongenetic variables. They may also lack the 
training and expertise to design and carry out a study that will collect those 
data. Collaborations among geneticists, epidemiologists, demographers, and 
other social scientists can therefore improve study design and statistical 
analysis of the data to better differentiate between genetic and nongenetic 
factors and their effects.

Researchers, from undergraduate students to principal investigators, 
could benefit from continuing education on the bias and misuse of popula-
tion descriptors in scientific and medical research. New York University 
(NYU), for example, developed a workshop in 2021 called Race and Rac-
ism in the Sciences, hosted by the departments of biology and psychology 
and the NYU Center for Neural Science.13 It is compulsory for some gradu-
ate students and strongly recommended for all other members of these three 
communities. Funding agencies could collaborate with research institutions 
on developing and holding training and continuing education about the 
proper use of population descriptors.

In addition, researchers could be required to complete training about 
the use of population descriptors before engaging in research with human 
participants and before being granted access to data sets. NIH’s All of Us 
Research Program requires training on “responsible and ethical research” 
prior to using the Researcher Workbench (All of Us, 2022). These trainings 
could contain information about the labels that are used within the data 
set, explaining how they can or cannot be used within research projects 
using the data set. 

9 https://www.ipr.northwestern.edu/what-we-study/social-disparities-and-health/ (accessed 
January 3, 2023).

10 https://socgen.ucla.edu/ (accessed January 3, 2023).
11 https://sites.duke.edu/interdisciplinary/ (accessed January 3, 2023).
12 https://cdha.wisc.edu/ (accessed January 3, 2023).
13 https://as.nyu.edu/departments/cns/events/EventDescriptions/WorkshopRace.html (accessed 

January 3, 2023).
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The committee encourages the development of computational tools 
able to compare studies and identify differences in the metadata related to 
population descriptors. The tools could then assist a researcher in decid-
ing whether merging the data sets would corrupt the metadata and enable 
them to use the merged data to address a question of interest. In addition, 
research on frameworks for the development and dissemination of genetic 
data resources, such as allele frequencies, should prioritize the use of genetic 
similarity, rather than other population descriptors (race, ethnicity, geog-
raphy), which may be poor proxies for genetic backgrounds that form the 
basis of these groupings. The committee hopes that educating investigators 
on the use of population descriptors will facilitate the development of these 
computational and other methodological tools.

Journalists, Media, and Researchers: An Important Partnership 
for Clearly Communicating Research Findings

Sometimes scientific findings create new knowledge that is relevant not 
only to specialized audiences but also to the general population. Conveying 
that information accurately and effectively to the lay public is the purview 
of science journalists and other science communication specialists. As the 
genomics research ecosystem evolves in how it uses descent-associated 
population descriptors, and as genetics and genomics research advances 
common understanding of human health and disease and becomes more 
popular, partnerships between science journalists and basic and clinical sci-
entists will be ever more important. One way to facilitate this partnership is 
for the press offices of research institutions to receive training on best prac-
tices for the use of population descriptors, since it is typically the people in 
these offices who interact directly with scientists to translate their research 
findings and technical terminology into language that is understandable by 
the general public while retaining the accuracy and nuances of the science. 
In addition, researchers should be trained to produce easily understandable 
summaries of their research findings that properly convey the subtleties of 
using population descriptors in genomics research. These summaries could 
be provided to newspaper and other popular media reporters when they 
write about relevant research findings (Takezawa et al., 2014).

For this report to reach full penetrance in society and for its recom-
mendations to have a lasting effect, what this committee has written will 
need to weave its way into the general consciousness alongside the many 
other conversations about diversity, inclusion, equity, and justice. It would 
thus be beneficial if journalists and reporters became familiar with both 
this report’s main messages and the committee’s rationale for its decisions. 
Broadly disseminating this report’s messages through their many different 
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media outlets will be a powerful way to effect change and drive implemen-
tation of the committee’s recommendations. 

RECOMMENDATIONS

The effectiveness of the following recommendations in advancing trust 
in and improving the quality of results from genomics research will depend 
upon how they are implemented. Many aspects of the current systems that 
fund, support, evaluate, and reward genomics research may impede rather 
than facilitate their implementation. Changing these systems will, over time, 
lead to more effective implementation of these recommendations.

Funding agencies, research institutions (including associated institu-
tional review boards and other activities with research participants), re-
search journals, professional societies, and lay media professionals should 
evaluate their processes and structures related to the use of population de-
scriptors in genomics research and report to their communities whether or 
not they are facilitating the recommendations in this report. A plan should 
be provided, along with a timeline, to change processes and structures that 
are not aligned with these recommendations. If processes and structures 
cannot be changed, this should be made transparent, along with a justifica-
tion as to why the changes cannot be made and how this misalignment will 
be mitigated in the context of this committee’s report recommendations. 

Recommendation 9. Funding agencies, research institutions, research 
journals, and professional societies should offer tools widely to their 
communities to facilitate the implementation of these recommenda-
tions; these tools should be publicly available, especially when they are 
supported by public funds. Such tools could include:

• educational modules for inclusion in human research protec-
tion training14; 

• manuscript submission and review guidelines;
• grant submission and review criteria;
• training and education of trainees at all levels; 
• opportunities for continuing education for researchers; and
• informatics tools, such as data structure standards for sharing 

labels and labeling procedures used within a study.

Recommendation 10. Research institutions and funding agencies should 
embed incentives for fostering interdisciplinary collaboration among 
researchers with different areas of expertise, including genetics and ge-

14 Often called “human subjects” research training. See also https://www.hhs.gov/ohrp/
education-and-outreach/human-research-protection-training/index.html (accessed January 3, 
2023).
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nomics, social sciences, epidemiology, and community-based research, 
to facilitate the inclusion of environmental measures and the engage-
ment of diverse communities in genomics research. Funding agencies 
and research institutions should develop strategies to encourage and 
reward such collaborations.

The recommendations in this report have been developed from the 
committee’s collective experience researching, writing about, and using 
population descriptors. But there is more that can be done to understand 
how population descriptors are used in genetics and genomics research and 
the effects that these descriptors have in medicine and in health disparities 
studies.

Recommendation 11. Given the persistent need to address this dynamic, 
high-stakes component of genomics research, funders and research 
institutions should create new initiatives to advance the study and 
methods development of best practices for population descriptor usage 
in genetics and genomics research, including the public availability of 
resources. 

Recommendation 12. Key partners, including funding agencies, re-
search institutions, and scientific journals, should ensure that policies 
and procedures are aligned with these recommendations and invest in 
developing new strategies to support implementation when needed.

MECHANISMS OF ACCOUNTABILITY

The ability of this report to effect durable change rests on three prin-
ciples: actionable recommendations, implementation procedures applied 
effectively across the genomics ecosystem, and, importantly, accountability 
mechanisms. Accountability serves multiple purposes. First, the committee 
recognizes that the usefulness of today’s population descriptors in research 
will not necessarily be valid in the future. Thus, there will be a need for a 
body to periodically evaluate current population descriptors and recom-
mend changes based on both sociological and scientific data and ethical and 
empirical principles. In addition, this or a second oversight body needs suf-
ficient powers to monitor and facilitate the implementation of the report’s 
recommendations. For example, this group could monitor what journals are 
doing; convene journal editors and publishers to formulate consistent, rea-
sonable guidelines; and help them standardize their instructions to authors, 
so researchers recognize that all of the journals are following identical stan-
dards. This body could perform similar facilitative functions for funding 
agencies, and assist agencies, research institutions, and professional societies 
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in developing training as well as ways to measure the effectiveness of the 
training over time. To be respected, trusted, and effective, it would be best 
for this body (or these bodies) to comprise people from all of the relevant 
parties within the genetics and genomics ecosystem. Perhaps the National 
Institutes of Health’s Advisory Committee on Research on Women’s Health 
or the Novel and Exceptional Technology and Research Advisory Com-
mittee15 could serve as examples on which such a body could be modeled.

Recommendation 13. Because the understanding of population descrip-
tors in genomics research is continuously evolving, responsibility for 
periodic reevaluation of these recommendations should be overseen 
by effective, multidisciplinary advisory groups. Such advisory groups 
could:

• periodically reevaluate established best practices on the use of 
descent-associated population descriptors to ensure they reflect 
the current state of the science and ongoing commitment to 
ethical and empirical principles;

• advise funders and other relevant parties on the use of popula-
tion descriptors and their implementation;

• facilitate the coordination of international best practice sharing;
• provide a venue for input from the broader community, includ-

ing research participants; and
• monitor and measure changes adopted by funders, research-

ers, journals, societies, and other relevant parties based on the 
uptake of best practices identified.

PARTING THOUGHTS

Despite the many recommendations, guidelines, and strategies promot-
ing the ethically and empirically sound use of descent-associated population 
descriptors, there has been relatively little change in how any entities within 
the genetics and genomics research ecosystem use these descriptors or re-
quire them to be used. It will take a concerted and interdisciplinary effort by 
all interested parties, patience, and a good bit of time to reach a place where 
the proper use and reporting of population descriptors is routine. Individual 
researchers will bear the brunt of these changes, so it will be essential for 
their institutions and funders, along with journal editors and professional 
societies, to form a supportive and adequately resourced network that 
makes this transition feasible. The recommendations in this report will need 
to be implemented broadly and consistently, by all of the relevant parties, 

15 https://orwh.od.nih.gov/about/advisory-committees/advisory-committee-on-research-on-
womens-health (accessed January 3, 2023).
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to generate lasting change. The committee hopes that by having identified 
the roles that each party plays and by developing mechanisms that facilitate 
transparency and good communication among all interested parties, the 
scale of the tasks will be manageable to meet the needs of this evolving field. 
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A 

Study Approach and Methods

The committee was asked to produce a report that identifies best prac-
tices on the use of race, ethnicity, genetic ancestry, and other population 
descriptors in genetics and genomics research. To respond to this charge, 
the committee drew upon the expertise of its members and reviewed data 
from many sources using targeted outreach to relevant parties, the existing 
literature, and public input gathered via a series of public meetings and 
workshops.

EXPERTISE

The committee was composed of 17 members with expertise in diverse 
areas including human genetics, population genetics, clinical genetics, ge-
netic epidemiology, statistical and computational genetics and genomics, 
anthropology, sociology, social epidemiology, demography and population 
statistics, and historical, ethical, legal, and social implications research. 
Committee biographies can be found in Appendix E.

OUTREACH

The committee was especially interested in obtaining input from re-
searchers, advocates, publishers, and other interested public parties on the 
effectiveness of current population descriptors in genomics research and 
the future use of population descriptors. To that end, the committee issued 
a call for public comments on March 9, 2022, that was open until June 1, 
2022. The announcement was shared on the study webpage, shared as an 
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email sent to Health and Medicine Division (HMD) listservs, and posted on 
various social media platforms. The request focused on comments related 
to a series of questions:

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

• How are population descriptors such as race, ethnicity, and ances-
try being used or not used effectively in genomics research?

• What population descriptors, if any, should not be used in genom-
ics research?

• Do all genetics studies need specific population and/or individual 
descriptors of their study participants?

• What aspects of the current use of population descriptors in ge-
nomics research need to be changed or improved?

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

Comments received from the public were shared with the commit-
tee and included in the committee’s public access file. Several members 
of the public who submitted public comments were invited to share their 
remarks during public comment sessions at the committee’s virtual public 
workshops.

LITERATURE REVIEW

Literature relevant to the committee’s charge was identified from multi-
ple sources, including targeted staff searches and reviews of previous efforts 
to identify best practices for the use of population descriptors. National 
Academies staff conducted a literature search using the databases Embase, 
Medline, and Scopus. These databases index research in biomedicine, health 
sciences, and other fields; they were searched January 17–20, 2022. Search 
terms, including MeSH terms,1 comprised vocabulary related to categori-
zation and labeling, disparities, concepts of race, and genetics (see Table 
A-1). Publications in English were included across all demographics and 
global locations. The timeframe of publication was limited to 1990 to date. 
Committee members, speakers, and members of the public also submitted 
relevant articles and comments on the committee’s charge.

1 MeSH terms are from the Medical Subject Headings thesaurus used to index research in 
the life sciences and enable use of a hierarchical search structure.
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TABLE A-1 Literature Search Terms

Group A Group B Group C Group D

Categories
Categorization
Classification
Controlled vocabulary
Data collection/
Databases, genetic/
Databases as topic/
Datasets
Datasets as topic/
Descriptors
Forms as topic/
Keywords
Labeling
Medical records/
Metadata/
Nomenclature
OMB descriptors
Office of Management and 
Budget
Questionnaires
Race categories
Racial categories
Race variables
Racial variables
Race models
Registers
Registry
Reporting
Screening
Self-report/
Subject headings/
Surveys
Surveys and questionnaires/
Systematized Nomenclature of 
Medicine/
Terminology
Terminology as topic/
Vocabulary
Vocabulary, controlled/

Bias, implicit/
Bias/
Discrimination
Disparities
Diversity
Equity
Health inequities/
Health status 
disparities/
Implicit bias
Inequalities
Inequity
Nondiscrimination
Prejudice/
Racism/
Stereotyping/
Systemic racism/

Ancestry
Concepts of 
race
Constructs of 
race
Demography/
Ethnic groups/
Ethnicity/
Ethnogenetic
Ethnoracial
Heredity
Population 
demographics
Population 
groups/
Race
Racial groups/

Biotechnology/
Genetics, 
population/
Genetics/
Genetic testing/
Genome, human/
Genomics/
Genotype
Human genetics/
Human genome
Pharmacogenetics/
Pharmacogenomics
Population genetics

NOTE: / indicates MeSH terms. The search strategy consisted of Group A + Group B + Group 
C + Group D.
SOURCE: National Academies staff, January 20, 2022.

http://nap.nationalacademies.org/26902


Using Population Descriptors in Genetics and Genomics Research: A New Framework for an Evolving Field

Copyright National Academy of Sciences. All rights reserved.

168 POPULATION DESCRIPTORS IN GENETICS AND GENOMICS RESEARCH

PUBLIC MEETINGS

The committee convened three public meetings and gathered informa-
tion from invited expert speakers and members of the public. The com-
mittee’s first meeting was held virtually in February 2022, and the public 
session provided an opportunity for the committee to clarify questions 
related to the statement of task with the sponsoring organization. Subse-
quent public workshops were held virtually on April 4, 2022, and June 14, 
2022. The agendas for these meetings are included in chronological order. 

First Committee Meeting, Open Session

February 14, 2022

Session Objective: To hear from the sponsors of the study regarding their 
perspectives on the charge to the committee. 

12:30 p.m. ET Welcome and Goals for the Session
 Aravinda Chakravarti, New York University, 

Committee Co-Chair
 Charmaine Royal, Duke University, Committee 

Co-Chair

12:40 p.m. NIH Presents the Charge to the Committee
 Presenter: Eric Green, Director, National Human 

Genome Research Institute

 Panelists: 
• Vence Bonham, Acting Deputy Director, National 

Human Genome Research Institute 
• Stephen Chanock, Director, Division of Can-

cer Epidemiology & Genetics, National Cancer 
Institute 

• Eliseo J. Pérez-Stable, Director, National Insti-
tute on Minority Health and Health Disparities

• Sheri Schully, Deputy Chief Medical and Scien-
tific Officer, All of Us Research Program

 
1:10 p.m. Discussion and Q&A with Committee

2:00 p.m.  Adjourn Day 1
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Public Workshop

April 4, 2022

11:00 a.m. ET Welcome and Goals for the Workshop
 Aravinda Chakravarti, Committee Cochair
 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 Cochair
 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: 
• To explore historical use of population descriptors to better under-

stand current use
• To examine whom researchers study in genomics investigations
• To explore why researchers identify individuals and populations in 

genomics studies
• To examine and identify the criticisms and challenges in current use 

of population descriptors in genomics research

11:10 a.m. Brief Introduction to the Session by the Moderator

11:15 a.m. Speakers’ Talks (15 minutes each)
 Pilar Ossorio
 Professor of Law and Bioethics
 University of Wisconsin-Madison, Law School
 University of Wisconsin-Madison, Medical School

http://nap.nationalacademies.org/26902


Using Population Descriptors in Genetics and Genomics Research: A New Framework for an Evolving Field

Copyright National Academy of Sciences. All rights reserved.

170 POPULATION DESCRIPTORS IN GENETICS AND GENOMICS RESEARCH

 Joseph Graves, Jr.
 Professor of Biological Sciences
 PI: 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 p.m. Q&A with Speakers

1:00 p.m.  Break

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

Session Objectives: 
• To consider the diverse types of population and individual de-

scriptors (e.g., origins, definitions, and usage in the United States, 
implications for non-U.S. participants)

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

1:30 p.m. Brief Introduction to the Session by the Moderator

1:35 p.m. 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
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 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 p.m. Q&A with Speakers

3:50 p.m.  Break

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

• To hear from a variety of interested parties on the following topics:
•• What works and does not work about the current population 

descriptors used in genomics research?
•• What could be improved in current use of population descrip-

tors in genomics research?

4:00 p.m. Brief Introduction to the Session by the Moderator
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4:05 p.m. Speakers’ Comments (5 minutes each)

 Catherine Potenski
 Chief Editor
 Nature Genetics

 Donna Cryer
 President and CEO
 Global Liver Institute

 Agustín 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

 Keolu Fox
 Assistant Professor
 Department of Anthropology
 University of California, San Diego

4:55 p.m. Concluding Remarks

5:00 p.m. Adjourn
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Public Workshop

June 14, 2022

12:30–12:40 p.m. ET Welcome and Goals for the Workshop
 Charmaine Royal, Committee Cochair
 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 

 Aravinda Chakravarti, Committee Cochair
 Director, Center for Human Genetics and  

 Genomics 
 Muriel G. & George W. Singer Professor of  

 Neuroscience & Physiology
 New York University Grossman School  

 of Medicine

Session I: Examining Use of Population Descriptors in Genomics 
Research
Moderator: John Novembre, University of Chicago

Session Objectives: 
• To explore what types of population descriptors are needed for 

genetics and genomics studies
• What is a genetics study trying to accomplish?
• Who is sampled? Why are they sampled? What are participants 

called, and why? 
• To examine how and why genetics studies should or should not 

incorporate social categories and environmental factors

12:40–12:45 p.m. Brief Introduction to the Session

 John Novembre
 Professor, Department of Human Genetics,  

 Department of Ecology & Evolution
 University of Chicago
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12:45–1:45 p.m. Speakers’ Talks

 Gil McVean
 Professor of Statistical Genetics
 Director, Big Data Institute
 Fellow of Linacre College
 University of Oxford 

 Akinyemi Oni-Orisan
 Assistant Professor, Department of Clinical  

 Pharmacy
 University of California, San Francisco School of  

 Pharmacy

 Nancy Cox
 Director, Vanderbilt Genetics Institute
 Director, Division of Genetic Medicine
 Mary Phillips Edmonds Gray Professor of  

 Genetics
 Vanderbilt University

 Graham Coop
 Professor, Department of Evolution and Ecology  

 and Center for Population Biology
 University of California, Davis

1:45–2:25 p.m. Q&A with Speakers

2:25–2:40 p.m. Break

Session II: Use of Population Descriptors by Biobanks and Other 
Research Consortia
Moderator: Ann Morning, New York University

Session Objectives:
• To examine how and why biobanks use taxonomies currently, es-

pecially in areas of large diversity
• To explore how legacy data might be managed and merged with 

future data
• To learn how large-scale data collection projects are designed
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2:40–2:45 p.m. Brief Introduction to the Session
 Ann Morning
 Associate Professor, Department of Sociology
 Academic Director, 19 Washington Square North 

(NYU Abu Dhabi in NY)
 New York University

2:45–3:30 p.m. Speakers’ Talks

 Phil Tsao
 Professor (Research), Medicine – Cardiovascular  

 Medicine
 Stanford University

 Alice Popejoy
 Assistant Professor, Department of Public Health  

 Sciences
 University of California, Davis

 Mashaal Sohail
 Associate Professor, Center for Genomic Sciences
 National Autonomous University of Mexico

3:30–4:00 p.m. Q&A with Speakers

4:00–4:10 p.m. Break

Session III: Community Input on Population Descriptors in Genomics 
Research
Moderator: Charmaine Royal, Duke University

Session Objective:
• To hear from a variety of interested parties on the following topics:

•• What works and does not work about the current population 
descriptors used in genomics research?

•• What could be improved in the current use of population de-
scriptors in genomics research?
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4:10–4:15 p.m. Introduction to the Session
 Charmaine Royal
 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

4:15–4:55 p.m. Speakers’ Comments

 Jennifer Webster
 Senior Director, Precision Medicine RWE Lead
 Pfizer 

 Santiago Molina
 Postdoctoral Fellow, Sociology/Science in Human  

 Culture
 Department of Sociology
 Weinberg College of Arts & Sciences
 Northwestern University

 Norbert Tavares
 Program Manager, Cell Biology
 Chan-Zuckerberg Initiative

 King Jordan
 Professor, School of Biological Sciences 
 Director, Bioinformatics Graduate Program
 Georgia Institute of Technology

 Dianalee McKnight 
 Medical Affairs Director, Emerging Clinical  

 Omics
 Invitae

 Ramya M. Rajagopalan
 Associate Director, Training, Evaluation, and  

 Qualitative Research
 Center for Empathy and Technology, T. Denny  

 Sanford Institute for Empathy and  
 Compassion

 University of California, San Diego

http://nap.nationalacademies.org/26902


Using Population Descriptors in Genetics and Genomics Research: A New Framework for an Evolving Field

Copyright National Academy of Sciences. All rights reserved.

APPENDIX A 177

 Stacy Christiansen
 Managing Editor, JAMA
 Chair, AMA Manual of Styles

 Hannah Wand 
 Director, Preventive Genomics Program
 Genetics Counselor
 Stanford Health Care

4:55–5:00 p.m. Concluding Remarks

5:00 p.m. Adjourn
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Glossary

Admixture: An individual is described as admixed when they have lines 
of ancestry that trace back to multiple distant geographic origins on a 
recent timescale: as an example, individuals of Central and South America 
whose ancestry 600 years ago traces to individuals mostly living in western 
Europe, west Africa, and Central/South America (Winkler et al., 2010). A 
difficulty with the concept is the often-implicit timescale being considered. 
All humans are admixed, but not everyone is recently admixed: for some, 
ancestry lines will trace back to geographically distant ancestors within 
a few generations, whereas for others, the same process occurs on much 
longer timescales. A further challenge is the framing of admixture as the 
blending of “source populations,” which may erroneously imply the exis-
tence of homogeneous populations in the past.

Ancestral recombination graph: For a set of individuals, the graph depicting 
the genetic ancestry lines (or paths) that trace back to their common genetic 
ancestors at every position in the genome (Hudson, 1990). 

Ancestry: a person’s origin or descent, lineage, “roots,” or heritage, includ-
ing kinship (U.S. Census, 2021). Commonly associated with genealogical 
ancestry—that is, the collection of ancestors for an individual as found in a 
family tree, including parents, grandparents, great-grandparents, and so on 
(Mathieson and Scally, 2020). Examples of ancestry group labels include 
clan names or patronyms, but geographic, ethnicity, or racial labels are 
often used to denote groups whose members are presumed to share com-
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mon ancestry. See also Genealogical ancestors, Genetic ancestors, Genetic 
ancestry, Genetic ancestry group, and Genetic similarity.

Ancient DNA: DNA extracted from individuals who died anywhere from 
tens to many thousands of years ago (ISOGG, 2020). Studies using ancient 
DNA often integrate genetic data with archeological and historical data to 
make inferences about modern population origins.

Continental groupings: labels based on the continent of origin of an indi-
vidual. These groupings do not account for the substantial genetic, envi-
ronmental, and geographic diversity within continents (Lewis et al., 2022). 
For example, in the United States, both someone from Japan and someone 
from India are often labeled as Asian.

Culture: the dimension of human life including behavior, objects, and ideas 
that appear to express, or to stand for, something else. These include values, 
norms, beliefs, symbols, and symbolically meaningful practices like food-
ways or religious worship (Griswold, 2013).

Environment: the complex of physical, social, cultural, chemical, and biotic 
factors that act upon a person (Merriam-Webster, n.d.). Environment can 
also refer to a person’s exposure to chemicals and toxins, biological expo-
sures, diet, behavioral patterns, life events, or even to more macroenviron-
mental exposures such as neighborhood air pollution and violence (Glass 
and McAtee, 2006; Ottman, 1996). 

Epidemiology: the study of the distribution and determinants of risk fac-
tors of disease, how these factors determine the incidence and prevalence 
of disease in human populations, and the application of this research to 
control health problems (Aschengrau and Seage, 2020).

Epigenetics: the science that studies alterations in gene function through 
chromatin modifications and chemical changes to an individual’s DNA that 
do not involve alterations of the underlying nucleotide sequence (Cazaly et 
al., 2019; Hurle, 2022).

Ethnicity: a sociopolitically constructed system for classifying human beings 
according to claims of shared heritage often based on perceived cultural 
similarities (e.g., language, religion, beliefs); the system varies globally. In 
the United States, ethnic group labels often derive from the country of ori-
gin for voluntary immigrants (e.g., Italian Americans, Korean Americans). 
Outside the United States, ethnicity can denote groups that are considered 
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indigenous to a given territory; therefore, globally, ethnicity is not limited 
to a product of migration. 

Evolution: change in allele frequencies or heritable traits over successive 
generations, which arises from the interplay of mutation, recombination, 
migration, genetic drift, and natural selection (Emlen and Zimmer, 2020). 

Genealogical ancestors: the set of biological ancestors in an individual’s 
family tree or pedigree, including parents, grandparents, great-grandparents, 
etc. Not all of an individual’s genealogical ancestors are their genetic ances-
tors, that is, have contributed DNA to that focal individual (Mathieson and 
Scally, 2020); in fact, most did not (Coop, 2017). See also Ancestry, Genetic 
ancestors, Genetic ancestry, Genetic ancestry group, and Genetic similarity.

Genetic ancestors: the subset of genealogical ancestors who transmitted 
DNA to a focal individual (Donnelly, 1983). See also Ancestry, Genealogical 
ancestors, Genetic ancestry, Genetic ancestry group, and Genetic similarity.

Genetic ancestry: the paths through an individual’s family tree by which 
they have inherited DNA from specific ancestors (Mathieson and Scally, 
2020). Genetic ancestry can be thought of in terms of lines extending 
upwards in a family tree from an individual through their genetic ances-
tors (see Figure 2-1). Shared genetic ancestry arises from having genetic 
ancestors in common (that is, overlapping lines of ancestry). For a set of 
individuals, a fundamental representation of genetic ancestry is a structure 
called an ancestral recombination graph (Mathieson and Scally, 2020). In 
practice, shared genetic ancestry is typically inferred by some measure(s) 
of genetic similarity. See also Ancestral recombination graph, Ancestry, 
Genealogical ancestors, Genetic ancestors, Genetic ancestry group, and 
Genetic similarity.

Genetic ancestry group: a set of individuals who share more similar genetic 
ancestries. In practice, a genetic ancestry group is constituted based on some 
measure(s) of genetic similarity (Coop, 2022; Mathieson and Scally, 2020). 
Once a set is designated as a genetic ancestry group, its members are often 
assigned a geographic, ethnic, or other nongenetic label that is common 
among its members. See also Ancestry, Genealogical ancestors, Genetic 
ancestors, Genetic ancestry, and Genetic similarity.

Genetic epidemiology: the study of the role of genes and environmental 
factors, and their interactions, as risk factors in the occurrence of disease 
and traits in populations (Duggal et al., 2019; Seyerle and Avery, 2013).
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Genetic similarity: quantitative measure of the genetic resemblance between 
individuals that reflects the extent of shared genetic ancestry (e.g., the mean 
number of genotype differences between individuals) (Mathieson and Scally, 
2020). See also Ancestry, Genealogical ancestors, Genetic ancestors, Ge-
netic ancestry, and Genetic ancestry group.

Genetics: the science of heredity, specifically the mechanisms by which traits 
or characteristics (phenotypes) are transmitted from one generation to the 
next as well as how genes influence phenotypes (King et al., 2014).

Genome: the totality of an individual’s DNA in all chromosomes, includ-
ing the mitochondria, comprising all genes, their regulatory machinery, and 
genomic architectural elements (Green, 2022a).

Genome-wide association study (GWAS): a method to associate variation 
in trait values (e.g., disease risk or height) with specific genetic variants in 
the genome (Hutter, 2022). Only a subset of associated variants is expected 
to be causal for the trait, as many genetic variants will only be associated 
owing to their correlation with the causal variants (e.g., due to linkage 
disequilibrium) (Hirschhorn and Daly, 2005).

Genomics: the science and technologies of studying the structure and func-
tion of the entire genome (Green, 2022b).

Group label: name given to a population that describes or classifies it ac-
cording to the dimension along which it was identified. An example is 
French as the label for a group identified by its members’ possession of 
French nationality, where nationality is the population descriptor. See also 
Population descriptor.

Hierarchical thinking: a process of ranking people or things in regard to 
status; in the context of this study, this thinking assumes that one group of 
people is superior to another.

Human genetics: the science of genes, chromosomes, and the information 
they encode in human heredity. 

Identity-by-descent: segments of the genome inherited by two or more 
people from the same relatively recent ancestor are referred to as identical-
by-descent; such segments are often identified based on their high genetic 
similarity (or “identity-by-state”) (Thompson, 2013).

Indigeneity: a population classification or descriptor that, like ethnicity, 
carries connotations of descent-associated cultural traditions. Indigeneity is 
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distinguished from other population descriptors, however, by its emphasis 
on the continuity of geographic location over time. Indigenous people are 
the aboriginal inhabitants of a land in contrast to later migrant or colonizer 
populations; there are many histories of colonization resulting in disloca-
tion of Indigenous peoples from their lands and interruption of traditional 
lifestyles and culture (Mudd-Martin et al., 2021). 

Labeling scheme: a framework for assigning labels to human participants 
in a study. 

Natural selection: the process whereby some individuals, better adapted 
to their surroundings, are more likely to survive and leave descendants. If 
a trait under selection is heritable, natural selection can lead to change in 
trait values over generations through changes in causal allele frequencies 
(Emlen and Zimmer, 2020).

Phenotype: an observable trait of an individual, which arises from genetic 
and environmental effects and often their interaction (NHGRI, 2022; Shri-
ner, 2013).

Polygenic score (PGS): a score (also called polygenic risk score or polygenic 
index) for an individual based on a set of variants associated with a trait 
(Manolio, 2022). In practice, this is done by summing the alleles the person 
carries at these causal factors, weighted by the effect sizes on the trait (esti-
mated in a prior GWAS) (Sirugo et al., 2019). A PGS provides a predictor of 
the deviation from a mean value in a given study population. The hope is to 
use PGS to identify individuals at risk for specific diseases or to disentangle 
genetic and environmental effects on a trait (Kullo et al., 2022). 

Population: a group of humans that is identified by a selected dimension 
or characteristic (or set of dimensions or characteristics) for the purposes 
of analysis; this definition does not assume that all the group’s members 
are identical or homogenous. For example, college students in the United 
States represent an identifiable population. In statistics, the concept of a 
population is foundational and represents a set of individuals or objects 
with shared identifying characteristics that is studied indirectly through 
observations of random samples. In population genetic theory, the concept 
of a population is often defined as a group with a common gene pool from 
which individuals choose mates with whom they reproduce (King et al., 
2014), often assumed not to experience immigration or emigration (e.g., in 
some models, a population is characterized by a set of allele frequencies). 
In population genetic analysis, the concept is much like the definition in 
statistics.
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Population descriptor: a concept or classification scheme that categorizes 
people into groups (or “populations”) according to a perceived character-
istic or dimension of interest. A few examples include race, ethnicity, and 
geographic location, although this is a non-exhaustive list. The salience of 
a given population descriptor may vary from place to place, so descriptors 
(and/or their associated group labels) that are used in the United States may 
not be widespread in other countries. See also Group label and Labeling 
scheme.

Race: a sociopolitically constructed system for classifying and ranking hu-
man beings according to subjective beliefs about shared ancestry based on 
perceived innate biological similarities; the system varies globally. Race is 
founded on the belief that there are naturally and innately distinct groups 
that can be identified. This perspective has been used to justify the unequal 
distribution of resources from land and labor to power and status. In short, 
race is the product of racism rather than the other way around. As a so-
cial construct or a social invention with political, economic, and historical 
context (ASA, 2003; Morning, 2005), race is both an idea and a way of 
organizing society that varies over time and from place to place.

Taxonomy: a system of classification. The explicit or implicit schema used 
to define categories and labels for a set of individuals (or populations) 
constitutes a taxonomy. 

Typological thinking: a way of classifying individuals in terms of set types 
to which they belong while disregarding variation among individuals within 
the type; often reinforces long-standing prejudice about characteristics of 
groups (Lewens, 2009).
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C

Table of International Programs

TABLE C-1 International Programs

Name
Country/ 
Region Short Description Population Descriptors Used

BioBank Japan 
(BBJ)

Japan BBJ was started in 2003 as a 
disease biobank. Since 2018, 
the aim of the biobank is to 
use the registered samples and 
data for genomics and clinical 
research (BBJ, 2021).

None

Brazilian 
Initiative on 
Precision 
Medicine 
(BIPMed)

Brazil The aim is to offer public 
access to genomic and 
phenotypic data from Brazil 
to scientists and clinicians 
around the world. It is the 
Brazilian Country Node of 
the Human Variome Project 
(HVP) (BIPMed, n.d.).

Birth location in Brazil

China Kadoorie 
Biobank (CKB)

China The over half a million 
participants were recruited 
from 10 geographically 
defined and diverse regions of 
China (CKB, n.d.). 

None

continued
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Name
Country/ 
Region Short Description Population Descriptors Used

deCODE 
genetics

Iceland This database is made up 
of genotypic and medical 
information for more than 
160,000 participants which 
makes up over half of the 
adult population in Iceland. 
These data are used in gene 
discovery work (deCODE, 
2016).

Geographic location in 
Iceland

Estonian 
Biobank

Estonia Population-based biobank 
that has a cohort of over 
200,000 individuals which 
makes up about 20% of 
the adult population in 
Estonia. The current cohort is 
reflective of the age, sex, and 
geographical distribution of 
adults in Estonia: Estonians 
represent 83%, Russians 
14%, and other nationalities 
3% (UT, 2021).

Place of birth, place(s) of 
living, nationality 

Health and 
Aging in Africa: 
A Longitudinal 
Study of an 
INDEPTH 
Community in 
South Africa 
(HAALSI)

South 
Africa

Community-based cohort 
of 5,059 men and women 
who are 40 or older. The aim 
of the study is to identify 
characteristics of the aging 
process in rural South Africa 
(HAALSI, 2022).

Country of origin and 
languages spoken

Korea Biobank 
Project (KBP)

South 
Korea

The purpose of KBP is to 
collect and manage human 
bioresources for future use 
in research. In 2018, the 
biobank was made up of 
852,769 participants (KBP, 
n.d.). 

None

Malaysia Cohort 
Study

Malaysia Aims to recruit 100,000 
individuals aged 35–70 years 
to identify risk factors, gene–
environment interactions, and 
biomarkers for cancer and 
other diseases (Jamal et al., 
2015). 

Ethnicity—Malay, Chinese, 
Indian, Other; Locality—
urban or rural

TABLE C-1 Continued
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Name
Country/ 
Region Short Description Population Descriptors Used

Mexican 
Biobank (MXB)

Mexico To date, they have genotyped 
6,057 Mexican individuals 
who are linked with their 
demographic and medical 
data. The individuals were 
recruited from all 32 states 
with specific efforts made to 
include those who speak an 
Indigenous language (Sohail 
et al., 2022).

Geography and genetic 
ancestry

Prospective 
Epidemiological 
Research 
Studies in Iran 
(PERSIAN 
Cohort Study)

Iran Aims to recruit 180,000 
individuals aged 35–70 years 
from 18 regions in Iran. 
The study is designed to 
be ethnically representative 
and recruit across diverse 
geographies of the country 
(Poustchi et al., 2018). 

Ethnicity

Qatar Biobank 
(QBB)

Qatar The population cohort aims 
to recruit 60,000 participants. 
The goal of the biobank is to 
collect information to study 
how lifestyle, environment, 
and genes affect health locally 
in Qatar (Fthenou et al., 
2019).

Ethnicity—Qataris, long-
term residents who are 
members of Arab groups 
other than Qatari, and long-
term residents of non-Arab 
groups. Members of Arab 
group other than Qatari 
include Algerian, Bahraini, 
Egyptian, Emirian, Iraqi, 
Jordanian, Kuwaiti, Lebanese, 
Mauritanian, Moroccan, 
Omani, Palestinian, Saudi 
Arabian, Somali, Sudanese, 
Syrian, Tunisian, Emirati, and 
Yemeni. Non-Arab groups 
include: American, Armenian, 
Bangladeshi, Canadian, 
Cypriot, Ethiopian, 
Indian, Iranian, Japanese, 
Dutch, Pakistani, Filipino, 
Tajikistani, and British (Al 
Thani et al., 2019). 

TABLE C-1 Continued
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Name
Country/ 
Region Short Description Population Descriptors Used

Singapore 
National 
Precision 
Medicine 
Program

Singapore Three-phase program to 
implement precision health. 
Phase I collected 10,000 
genomes for a reference 
database, phase II aims to 
collect 100,000 genomes 
of healthy individuals and 
50,000 from people with 
specific diseases, and phase 
III will implement precision 
medicine (PRECISE, 2022). 

Self-reported ethnicity, 
inferred ethnicity, and 
inferred ancestry based on 
genotyping

Taiwan Biobank Taiwan The aim of the biobank is to 
improve medical care. The 
biobank was established in 
2012 and has recruited over 
176,000 individuals with a 
goal of 200,000 participants 
(Wei et al., 2021).

Ancestry—Han Chinese 
including Taiwanese Minnan, 
Taiwanese Hakka, and 
ancestries across China: 
East China, South Central 
China, North and Northeast 
China, and Southwest 
China and other East Asian 
groups

National 
Laboratory for 
the Genetics 
of Israeli 
Populations

Israel The laboratory is meant to 
be a national repository for 
DNA samples and human cell 
lines that are representative 
of the variation in Israel 
and several Middle Eastern 
populations (Mcgonigle, 
2021). 

Self-identified ethnicity—
Palestinian, Druze, Bedouin, 
and Jewish. Jewish is 
broken down further into 
the following subcategories: 
Ashkenazi (central European 
ancestry), Ethiopian, 
Georgian, Iranian, Iraqi, 
Kuchin (India), Libyan, 
Moroccan, Sephardi (Turkey 
and Bulgaria), Tunisian, 
Yemenite

UK Biobank United 
Kingdom

Genetic and health 
information of over half a 
million participants in the UK 
(Fry et al., 2017). 

Self-reported ethnicity 
which includes white (white 
British, white Irish, and other 
white background), black 
or black British (Caribbean, 
African, or other black 
background), Mixed (white 
and black Caribbean, white 
and black African, white 
and Asian, and other mixed 
ethnic background), Indian, 
Pakistani, Bangladeshi, 
Chinese, other Asian, other 
ethnic group (Fry et al., 
2017). 

TABLE C-1 Continued
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FIGURE D-1 Decision tree for the use of population descriptors in genomics re-
search. The decision tree follows on the next several pages.
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FIGURE D-1 Continued
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Use a genetic relatedness 
matrix (i.e. pedigree-
informed or based on 
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FIGURE D-1 Continued

Gene Discovery

 Genetic similarity
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� Geography

Genetic similarity could be useful 
proxy of similar modifier loci 
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Trait Prediction
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FIGURE D-1 Continued
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FIGURE D-1 Continued
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Committee and Staff Biosketches

COMMITTEE MEMBER BIOSKETCHES

Aravinda Chakravarti, Ph.D. (Cochair), is the director of the Center for 
Human Genetics & Genomics, and the Muriel G. & George W. Singer Pro-
fessor 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 Univer-
sity (1994–2000), and Johns Hopkins University (2000–2018). He is one of 
the founding Editors-in-Chief of Genome Research and Annual Review of 
Genomics and Human Genetics and has been or is on the advisory boards 
of numerous national and international institutes, charities, academic soci-
eties, the National Institutes of Health, 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 has been 
elected to the U.S. National Academy of Sciences, the U.S. National Acad-
emy 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. (Cochair), 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 
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Center on Genomics, Race, Identity, Difference and the Duke Center for 
Truth, Racial Healing & Transformation. She held previous faculty appoint-
ments 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.” She 
serves on numerous national and international advisory boards and com-
mittees for government agencies, professional organizations, not-for-profit 
entities, and corporations, including the Board of Directors for the Ameri-
can 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. In 2013 and 2015 Dr. Royal served as a 
chairperson of the planning committee for two consensus roundtable meet-
ings convened by the American Society of Human Genetics charged with 
developing guidelines for genetic ancestry inference. 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 post-
graduate 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.

Katrina Armstrong, M.D., leads Columbia University’s medical campus 
as the 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 an 
internationally 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 advi-
sory 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, Physician-in-Chief of Massachusetts General 
Hospital, and Professor of Epidemiology at the 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 Codirector of the Robert Wood Johnson Clinical Scholars Pro-
gram at the University of Pennsylvania. She is a graduate of Yale University 
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(B.A. degree in architecture), Johns Hopkins (M.D. degree), and the Univer-
sity of Pennsylvania (M.S. degree in clinical epidemiology). She completed 
her residency training in internal medicine at Johns Hopkins.

Michael 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 En-
dowed 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, and chair of the Scientific Advisory Board of 
GeneDx. His research focuses on understanding the effect of population 
structure and natural selection on human genetic variation; developing 
innovative ways to discover genetic variants underlying monogenic disor-
ders, modifiers of monogenic traits, and complex traits; and testing novel 
ways to translate genomic advances into the practice of 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 disor-
ders. 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 build-
ing 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 coauthors a popular 
textbook titled Medical Genetics. In 2013 and 2015 Dr. Bamshad served 
as a chairperson of the planning committee for two consensus roundtable 
meetings convened by the American Society of Human Genetics charged 
with developing guidelines for genetic ancestry inference. 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 De-
partment of Epidemiology and Biostatistics, City University of New York 
Graduate School of Public Health and Health Policy (CUNY SPH) in New 
York. She is a social epidemiologist with a research interest in the role of 
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 Hispan-
ics/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 data sets. Dr. Borrell is a Fellow 
of the New York Academy of Medicine. She has a doctor in dental surgery 
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and a master in public health from Columbia University, New York, as well 
as a doctorate in epidemiological science from the University of Michigan, 
Ann Arbor.

Katrina Claw, Ph.D., is an assistant professor in the Department of Bio-
medical Informatics in the School 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 cultural, 
ethical, legal, and social implications of genomic research with popula-
tions historically underrepresented in health research. Her current research 
includes studying cytochrome P450 genetic variation in Indigenous com-
munities (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 approaches and include cultural and Indigenous knowledge. She 
was awarded the Genomic Innovator Award from the National Human 
Genome Research Institute 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 an 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 Universität 
zu Köln (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 Com-
mission 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 bet-
ter understand how social exposures from childhood through adulthood 
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influence racial/ethnic disparities in dementia risk. Hayward is a recipient 
of the Matilda White Riley Award from the National Institutes of Health 
(NIH) for his contributions to behavioral and social scientific knowledge 
relevant to the mission of NIH. He has served on numerous major founda-
tions (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 National Academies of Sciences, Engineering, and Medicine includ-
ing 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 Senior Vice President for Research at Morehouse 
School of Medicine. Dr. Kittles was previously professor and founding di-
rector of the Division of Health Equities within the Department of Popula-
tion Sciences at the City of Hope (COH) and associate director of Health 
Equities of COH Comprehensive Cancer Center. Dr. Kittles is also Co-
founder and Scientific Director of African Ancestry, Inc., and is well known 
for his research of prostate cancer and health disparities among African 
Americans, having published more than 260 research articles. Dr. Kittles 
serves on many national and international steering committees and advisory 
boards. He served as a member of the Board of Scientific Counselors for 
the National Human Genome Research Institute (NIH) and is Past Council 
Chair of the Minorities in Cancer Research of the American Association 
for Cancer Research. Dr. Kittles’ research has focused on understanding the 
complex issues surrounding race, genetic ancestry, and health disparities. He 
has been at the forefront of the development of genetic markers for ancestry 
and how genetic ancestry can be used in genetics studies on disease risk and 
outcomes, showing the effect of genetic variation across populations. He 
received a Ph.D. in biological sciences from George Washington University 
in 1998.

Sandra Soo-Jin Lee, Ph.D., is a 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 hu-
man genetics for over two decades and coedited Revisiting Race in a Ge-
nomic Age (2008). Her current NIH-funded projects include the Ethics of 
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Inclusion: Diversity in Precision Medicine Research. Dr. Lee is codirector of 
the Center for ELSI Resources and Analysis and the ELSI Congress. She is 
president of the Association of Bioethics Program Directors and a Hastings 
Center Fellow. Dr. Lee serves on the U.S. Health and Human Services Sec-
retary’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 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 Ad-
vanced Genomics Unit (UGA-CINVESTAV), in Irapuato, Mexico. Previ-
ously, 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 popula-
tions, in particular from the Americas and the Pacific. He authored the 
most detailed work so far of the genetic structure of the Mexican popula-
tion, 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 Professor Carlos Bustamante at Cornell University and Stanford Uni-
versity School of Medicine.

Ann Morning, Ph.D., is the James Weldon Johnson Professor of Sociol-
ogy at New York University. 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 differ-
ence. She is the author of The Nature of Race: How Scientists Think and 
Teach about Human Difference (University of California Press 2011), and 
coauthor of An Ugly Word: Rethinking Race in Italy and the United States 
(with Marcello Maneri, Russell Sage Foundation, 2022). Morning was a 
2008–2009 Fulbright research fellow at the University of Milan-Bicocca 
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and a 2014–2015 Visiting Scholar at the Russell Sage Foundation. She was 
a member of the U.S. Census Bureau’s National Advisory Committee on Ra-
cial, Ethnic and Other Populations from 2013 to 2019 and has consulted on 
racial statistics for the European Commission, the United Nations, Elsevier, 
and the World Bank. Morning holds her B.A. in economics and political sci-
ence from Yale University, a master’s of international affairs from Columbia 
University, and her Ph.D. in sociology from Princeton University.

John P. 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 ques-
tions regarding genetic diversity. His work has especially had an impact on 
the 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-re-
viewed 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 mem-
ber 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 Fel-
lowship, and the Howard Hughes Medical Institute Early Career Scientist 
Award, and she 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 E. 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 Alex-
ander Professor of Civil Rights. She is also Founding Director of the Penn 
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Program on Race, Science & Society. Author of Fatal Invention: How Sci-
ence, Politics, and Big Business Re-create Race in the Twenty-First Century, 
Roberts is an expert on structural racism in U.S. 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 Sci-
ence 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 2022 
election to the American Academy of Arts and Sciences, 2019 election as a 
College of Physicians of Philadelphia Fellow, 2017 election to the National 
Academy of Medicine, 2016 Society of Family Planning Lifetime Achieve-
ment 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.

Sarah A. Tishkoff, Ph.D., is the David and Lyn Silfen University Professor 
in Genetics and Biology at the University of Pennsylvania, holding appoint-
ments 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 (NAS), 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 anthropol-
ogy and 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 understand-
ing the role of genetic ancestry and environment in genetic risk in admixed 
populations. Dr. Wojcik integrates epidemiology, sociology, and popula-
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tion 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 in 2022 
to better conduct research around polygenic risk scores in diverse popula-
tions. Dr. Wojcik previously served as a consultant with Illumina, 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 ge-
netics/genetic epidemiology from the Johns Hopkins Bloomberg School of 
Public Health and her B.A. in biology from Cornell University.

STAFF BIOSKETCHES

Sarah H. Beachy, Ph.D. (Study Director), is a senior program officer with 
the National Academies of Sciences, Engineering, and Medicine. In this 
capacity, Dr. Beachy serves as Director of the Roundtable on Genomics 
and Precision Health and the Forum on Regenerative Medicine, in addi-
tion to leading other projects. In these roles, she has facilitated impactful 
activities on topics such as Improving Diversity of the Genomics Workforce, 
Understanding Disparities in Access to Genomic Medicine, Changing the 
Culture of Data Sharing and Management, and An Examination of Emerg-
ing Bioethical Issues in Biomedical Research, among others. In 2022, Sarah 
was awarded a National Academy of Medicine Cecil Award for Individual 
Excellence for her contributions to the National Academies. Prior to her 
time at the National Academies, Dr. Beachy completed an AAAS Science 
and Technology Policy Fellowship in diplomacy at the U.S. Department of 
State, working closely with the Office of the Science and Technology Ad-
viser to the Secretary. She was selected as a Mirzayan Science and Technol-
ogy Policy Fellow at the National Academies in 2011. Prior to moving into 
science policy, Dr. Beachy was a postdoctoral fellow in the Genetics Branch 
at the National Cancer Institute, where she generated and characterized 
transgenic mouse models of leukemia and lymphoma. She earned her Ph.D. 
in biophysics from the Roswell Park Cancer Institute Graduate Division at 
the University at Buffalo. 

Samantha N. Schumm, Ph.D., is an associate program officer with the 
Board on Health Sciences Policy at the National Academies of Sciences, 
Engineering, and Medicine. Prior to joining the National Academies, she 
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studied mild traumatic brain injury at the University of Pennsylvania, using 
a variety of neuroscience techniques. Dr. Schumm developed a novel com-
putational network model of the hippocampus and analyzed emergent com-
plex behaviors of neuronal networks. Her other interests include writing 
and promoting effective, inclusive mentorship in the sciences. Dr. Schumm 
holds a Ph.D. in bioengineering from the University of Pennsylvania and a 
B.S. in biomedical engineering from Yale University.

Leah Cairns, Ph.D. (Study Codirector, until October 2022), is a program 
officer in the Board on Health Sciences Policy. Her primary interests 
include health policy and biomedical research. Prior to joining the National 
Academies, she served as an AAAS Science and Technology Policy Fellow 
working as legislative staff for a member of Congress focusing on health 
policy and appropriations. Dr. Cairns also previously served as a Christine 
Mirzayan Science & Technology Policy Fellow at the National Academies 
in the Policy and Global Affairs Division. Dr. Cairns received her Ph.D. in 
biophysics from the Johns Hopkins University School of Medicine and a 
B.A. in biochemistry and molecular biology from Hamilton College.

Kathryn Asalone, Ph.D., is an associate program officer in the Board on 
Health Sciences Policy at the National Academies of Sciences, Engineering, 
and Medicine. Her primary interests include genomics research, science 
communication, and diversity, equity, inclusion, and justice issues. Prior 
to her time at the National Academies, she studied the germline restricted 
chromosome in zebra finch using computational genomics methods. Dr. 
Asalone received her Ph.D. in behavior, cognition, and neuroscience and 
M.A. in psychology from American University and a B.S. in zoology from 
the University of Maine.

Meredith Hackmann is an associate program officer on the Board on 
Health Sciences Policy at the National Academies of Sciences, Engineering, 
and Medicine. She joined the National Academies in 2014 and has facili-
tated public workshops, action collaboratives, and working groups with the 
Roundtable on Genomics and Precision Health and the Forum on Regen-
erative Medicine. She recently supported a consensus study on A Fairer and 
More Equitable, Cost-Effective, and Transparent System of Donor Organ 
Procurement, Allocation, and Distribution. She has provided background 
research and writing support for proceedings and consensus studies within 
the Board on Health Sciences Policy on topics such as bioethics, implement-
ing genomic screening programs, digital health, and consumer genomics. 
Prior to joining the Academies, she was an intern with the U.S. House of 
Representatives. She earned a bachelor’s degree in international studies 
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from the University of Missouri and is currently pursuing a master’s degree 
in public affairs.

Lydia Teferra is a research assistant with the Board on Health Sciences at 
the National Academies of Sciences, Engineering, and Medicine, serving as 
a staff member with the Roundtable on Genomics and Precision Health and 
the Forum on Regenerative Medicine. She graduated from Northwestern 
University in 2020 with a B.A. in psychology and global health and has 
been working at the National Academies for more than a year. Prior to her 
time at the National Academies, Ms. Teferra interned and volunteered for 
local nonprofit organizations addressing a number of public health issues. 
She hopes to pursue a master’s degree in public health in the near future.

Aparna Cheran is a senior program assistant with the Board on Health Sci-
ences Policy at the National Academies of Sciences, Engineering, and Medi-
cine. She graduated from Virginia Polytechnic Institute and State University 
in 2020 with a B.S. in microbiology, and a B.A. in religion and culture. She 
is currently pursuing a master’s in health administration from George Ma-
son University, and hopes to establish a career in global health in the future.

Michael Zierler, Ph.D., is the founder and co-owner of RedOx Scientific 
Editing, a small shop that provides developmental editing and related 
editorial and writing services. He has an undergraduate degree in biology 
from Brown University and a Ph.D. in biology from Johns Hopkins Univer-
sity, where he worked on the regulation of gene expression in eukaryotes, 
stockpiling of DNA polymerases during embryogenesis, and intramolecu-
lar movements in hemoglobin studied using hydrogen exchange. Prior to 
graduate school, he spent a summer studying the behavior of lemon sharks 
off the Florida Keys and worked for a cardiothoracic surgeon at the West 
Roxbury Veterans Affairs Medical Center, doing research in the laboratory 
and the operating room on monitoring and improving the physiology of 
the heart during open heart surgery using mass spectrometry and a minia-
turized pH electrode. After graduate school, he completed a postdoctoral 
position at the State University of New York, Stony Brook, helping to iden-
tify the molecular components of the Salmonella injectisome, a bacterial 
invasion system. He has taught biological sciences at the high school and 
college levels. He has also served as the deputy mayor and the chair of the 
planning board in his hometown of New Paltz, New York.

Andrew M. Pope, Ph.D. (until July 2022), was the director of the Board on 
Health Sciences Policy until retiring in the summer of 2022. He has a Ph.D. 
in physiology and biochemistry from the University of Maryland and has 
been a member of the National Academies of Sciences, Engineering, and 
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Medicine staff since 1982, and of the Health and Medicine Division staff 
since 1989. His primary interests are science policy, biomedical ethics, and 
environmental and occupational influences on human health. During his 
tenure at the Academies, Dr. Pope has directed numerous studies on topics 
that range from injury control, disability prevention, and biologic markers 
to the protection of human research participants, National Institutes of 
Health priority-setting processes, organ procurement and transplantation 
policy, and the role of science and technology in countering terrorism. Since 
1998, Dr. Pope has served as Director of the Board on Health Sciences 
Policy, which oversees and guides a program of activities that is intended 
to encourage and sustain the continuous vigor of the basic biomedical and 
clinical research enterprises needed to ensure and improve the health and 
resilience of the public. Ongoing activities include Forums on Neurosci-
ence, Genomics, Drug Discovery and Development, and Medical and Public 
Health Preparedness for Catastrophic Events. Dr. Pope is the recipient of the 
Health and Medicine Division’s Cecil Award and the National Academy of 
Sciences President’s Special Achievement Award.

Clare Stroud, Ph.D. (from July 2022), is the senior board director for the 
Board on Health Sciences Policy. In this capacity, she oversees a program 
of activities aimed at fostering the basic biomedical and clinical research 
enterprises; addressing the ethical, legal, and social contexts of scientific 
and technologic advances related to health; and strengthening the pre-
paredness, resilience, and sustainability of communities. Previously, she 
served as director of the National Academies’ Forum on Neuroscience and 
Nervous System Disorders, which brings together leaders from government, 
academia, industry, and nonprofit organizations to discuss key challenges 
and emerging issues in neuroscience research, development of therapies for 
nervous system disorders, and related ethical and societal issues. She also 
led consensus studies and contributed to projects on topics such as pain 
management, medications for opioid use disorder, traumatic brain injury, 
preventing cognitive decline and dementia, supporting persons living with 
dementia and their caregivers, the health and well-being of young adults, 
and disaster preparedness and response. Dr. Stroud first joined the National 
Academies as a Christine Mirzayan Science and Technology Policy Gradu-
ate Fellow. She has also been an associate at AmericaSpeaks, a nonprofit 
organization that engaged citizens in decision making on important public 
policy issues. Dr. Stroud received her Ph.D. from the University of Mary-
land, College Park, with research focused on the cognitive neuroscience of 
language, and her bachelor’s degree from Queen’s University in Canada.
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Malay K. Majmundar, J.D., Ph.D., directs the Committee on Population 
(CPOP). He is currently overseeing CPOP activities on social and eco-
nomic mobility, structural racism, and the workplace and aging. He is also 
developing a future research portfolio for CPOP. While at the National 
Academies, he has worked on studies on demography, criminal justice, im-
migration enforcement and statistics, and the federal budget. He has a B.A. 
in political science from Duke University, a J.D. from Yale University, and 
a Ph.D. in public policy from the University of Chicago.
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Disclosure of Unavoidable 
Conflict of Interest

The conflict-of-interest policy of the National Academies of Sciences, 
Engineering, and Medicine (https://www.nationalacademies.org/about/insti-
tutional-policies-and-procedures/conflict-of-interest-policies-and-procedures) 
prohibits the appointment of an individual to a committee like the one that 
authored this Consensus Study Report if the individual has a conflict of 
interest that is relevant to the task to be performed. An exception to this 
prohibition is permitted only if the National Academies determine that the 
conflict is unavoidable and the conflict is promptly and publicly disclosed.

When the committee that authored this report was established, a de-
termination of whether there was a conflict of interest was made for each 
committee member given the individual’s circumstances and the task being 
undertaken by the committee. A determination that an individual has a 
conflict of interest is not an assessment of that individual’s actual behavior 
or character or ability to act objectively despite the conflicting interest.

Dr. Rick Kittles was determined to have a conflict of interest because of 
his financial interests in African Ancestry, Inc., a provider of at-home genetic 
ancestry tests for people of African descent, which could be one way to 
identify people for genomic research applications. The National Academies 
determined that the experience and expertise of the individual was needed 
for the committee to accomplish the task for which it was established. The 
National Academies could not find another available individual with the 
equivalent experience and expertise who did not have a conflict of interest. 
Therefore, the National Academies concluded that the conflict was unavoid-
able and publicly disclosed it on its website (www.nationalacademies.org).
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