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RAce, RARe GENETIC VARIANTS, AND THE SCIENCE OF
HumaN DiFFeEReNCE IN THE PosT-GENomic AGE

Abstract

Understanding of human genetic variation has grown
significantly in the twenty-first century but has not
been adequately incorporated into anti-racist anthro-
pological perspectives. Research into the underlying
structure of human disease suggests that common
diseases may be caused by rare genetic variants.
These variants tend to be specific to populations that
are oftentimes racially defined. Consequently, genetic
studies that seek to identify disease-causing rare vari-
ants rely upon racialized frameworks. Despite social
scientific perspectives that endorse a nonbiological
basis to race, within biomedicine, biological uses of
race remain entrenched due to their utility for identi-
fyving the causes of the disease. Anthropologists
must be responsive to these utilizations of race or
risk irrelevance in shaping how researchers under-
stand and use human variation. Through critique and
careful incorporation of new knowledge about the
nature of human genetic variation into anthropologi-
cal perspectives, anthropologists can continue to
make meaningful contributions to understanding
the relationship between biology and race. [race,
anti-racism, human genetic variation, rare genetic
variants)

INTRODUCTION

Social and biological scientists have developed the-
ories and methodologies to delineate how humans
vary and to understand the factors that shape cul-
tural ideas about difference (Berg and Wendt
2011; Duster 2006; Lee 2009; Mullings 2005;
Smedley 1999). Despite advances in analytical
tools for exploring human variation, consensus on
the meaning or value of human biological differ-
ence has proved elusive (Ifekwunigwe et al. 2017,
Kaszycka et al. 2009; Keita and Boyce 2001).
Conceptual divides about the meaning of human
variation remain especially relevant in the Post-
Genomic Age because the new findings emerging

from biomedicine have important implications
about the relationship between race and genetics.
These new biomedical findings have been instruc-
tive about the nature and distribution of genetic
variation in relation to disease. Post-Genomic Age
is used here to refer to the current time period in
which researchers focus their efforts on genomic
data in order to learn how the genome interacts
with itself to produce and maintain complex phe-
notypes at molecular, cellular, and organismic
levels (Evans 2000; Wynne 2005).

Biological anthropologists generally agree that
contemporary human genetic variation is the result
of an evolutionary history marked by a single com-
mon origin within Africa, introgression with other
hominins, and serial founder effects as humans dis-
persed across the continents (Deschamps et al.
2016; Hsieh et al. 2016; Jobling, Hurles, and Tyler-
Smith 2013; Ramachandran et al. 2005). However,
among social scientific and biomedical researchers
there are fundamental intellectual disagreements as
to how to appropriately describe, incorporate, and
give meaning to genetic variation in relation to
group and individual identity. These dynamics have
ramifications beyond the academy related to the
way researchers utilize variation in their research,
as well as how laypeople engage, interact, and
interpret genetic and genomic data in relation to
self and community identity (Benn Torres 2018;
Hunt and Megyesi 2008; Nelson 2016; Outram and
Ellison 2006; Wade et al. 2014). The ambiguous
relationship between genetics and collective iden-
tity, specifically racial identity, is further amplified
by discoveries of new types of human genetic varia-
tion. Given new findings about the distribution of
human genetic variation across global populations
as well as the use of racial categories within
biomedical contexts, the question of how to best
describe and utilize human genetic variation that is
attentive to both environmental context and evolu-
tionary processes remains problematic.

In what follows, I consider the contradictions
of the utility of race within biomedical and social
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science contexts, and I argue three main points.
First, despite contemporary social scientific
understandings regarding the fallacy of biological
races (American Anthropological Association
1999; American Association of Physical Anthro-
pologists 1996), new discoveries about human
genetic variation foster an intense focus within
biomedicine on racial differences in disease. This
particular operationalization of race in biomedi-
cine persists, in part, due to a changing discase
paradigm in which common diseases are the
result of rare genetic variants (Gorlov et al.
2008). Rare genetic variants are nucleotides
within a genetic sequence that are infrequent
within populations. They are formally defined as
variants that have a minor allele frequency of
0.1%." In addition, rare genetic variants are often
population-specific, meaning that these variants
are found primarily in some populations and not
in others. This unequal distribution of rare vari-
ants may be the result of genetic drift, mutation,
or localized selection effects (Tishkoff and Wil-
liams 2002). Of relevance to understanding
genetic etiologies of disease, rare variants also
appear to have some role in shaping phenotype
or physical attributes of an individual.® Under
this paradigm, the rare variants that underlie
common disease are not uniformly distributed
across human groups but rather tend to be con-
centrated within groups—groups that roughly
correspond to “folk theories” about race (Gelman
and Legare 2011; Hill 2009). Accordingly, biolog-
ical concepts of race remain firmly embedded in
the scientific understanding and study of human
disease, creating a gap between how social and
biomedical sciences conceive of, report on, and
utilize race.

Second, in response to the persistence of bio-
logical notions of race within biomedicine, anthro-
pologists must keep pace with new findings about
human genetic variation or, as a discipline, risk
losing credibility as a relevant source for under-
standing meaningful human difference. Thinking
broadly yet critically about how and why race is
utilized in the ways that it is across disciplines will
be crucial for anthropologists in order to avoid
undermining anthropological critiques about the
fallacy of race as biology. Third, I argue that
through continuous revision of anthropological
perspectives on the relationship between race and
biology in light of emerging genetic technologies,
as a discipline, anthropology can contribute to
more meaningful understandings of how race
becomes biology.
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RACE IN THE CONTEXT OF SOCIAL
SCIENCE AND BIOMEDICINE

From transcontinental expeditions recorded as
early as the eighth century, travelers noted that
humans varied both culturally and phenotypically;
these differences, as some historians argue, were
fodder for modern-day notions of race and racism
(Goldberg 1993; Ralph 2015; Robinson and Kelley
2000). Since then, the ways in which humans var-
ied captured the imagination of travelers and natu-
ralists alike, especially with improved maritime
transportation and expansions of economic net-
works that occurred in the sixteenth and seven-
teenth centuries (Berg and Wendt 2011). As
illustrated in the work of Frangois Bernier (1684),
the earliest efforts to categorize humans into races
or varieties emerged. This endeavor to make sense
of human difference continued and was refined by
eighteenth-century naturalists such as Carolus Lin-
naeus and his student Johann Friedrich Blumen-
bach (Brace 2005). In these writings, the authors
went beyond simply categorizing human variation,
but also probed the nature and ultimately the
value of such difference by applying judgments
regarding the mental and or physical characteriza-
tions of each variety or race (Marks 2001). It was
Blumenbach’s categorization, or rather hierarchy
of human racial types—Ethiopian (African),
Malay, Mongolian, and American Indian as
degenerates of the ideal-type European—that
proved to be very influential in shaping how
science was used to justify existing economic and
political inequalities (Gould 1994). Throughout
the nineteenth and into the twentieth centuries, the
work of scientific racists such as Arthur Gobineau,
Samuel Morton, Josiah Nott, George Gliddon,
and Louis Agassiz upheld racist notions of differ-
ence that proved useful in shaping exclusionary
immigration and eugenic policies of the early
twentieth century (Marks 2009). As detailed by
Amos Morris-Reich in his book Race and Photog-
raphy (2016), many of the ideas espoused by these
scientific racists were purportedly substantiated
through the application of photography within
biological studies of racial difference. Not all late
nineteenth and early twentieth century scholars
agreed with the inclinations of the aforementioned;
Anténor Firmin, Franz Boas, and W.E.B. Du
Bois, for example, while not denying the existence
of racial difference, challenged hierarchical notions
of race (Boas 1912; Du Bois 2004; Firmin 2002).
During the times that Firmin, Boas, and Du Bois
were active, the scientific evidence to support the
nonbiological basis to race did not yet exist. As a



consequence, and as evidenced by the writings of
these scholars, biological concepts of race were
both implied and explicit. Using the available
data, the goals of these scholars was not to dis-
place biological race concepts, but instead to
deconstruct notions of inherent inequality among
human races (Torres Coléon and Hobbs 2016).
Concurrent with the development of analytical
tools to examine human variation from molecular
perspectives, scholars working in the mid- to late
twentieth century began to assert the lack of sup-
port for biological notions of race (Barbujani et al.
1997; Lewontin 1972; Montagu 1962).

For contemporary anthropologists, these early
anti-racist works became cornerstones in shaping
modern ideas about human difference. Accordingly,
most contemporary North American anthropologists
take their cue from the American Anthropological
Association in suggesting that “differentiating spe-
cies into biologically defined ‘races’ has proven
meaningless and unscientific as a way of explaining
variation” (American Anthropological Association
1995, 3). In this context, race is defined as com-
prising of fixed, discrete clusters of human groups
based on a series of phenotypic characteristics.
Rather than a biological reality, race becomes a
conception of difference that is built, maintained,
and structured by social dynamics itself. In this
constructivist perspective, race is reflective of fac-
tors including, but not limited to, socioeconomic
status, psychosocial/sociopolitical environment,
education, discrimination, or access to resources
(Cooper 1994; Jackson 1992; Smedley and Smed-
ley 2005). All of these factors, in turn, mediate
health-related outcomes in a variety of ways (Ber-
ger and Sarnyai 2015; Braveman, Egerter, and
Williams 2011; Goodman 2000; Kawachi, Daniels,
and Robinson 2005; Lewis, Cogburn, and Wil-
liams 2015). For example, as argued by Jones
(2000), the negative psychosocial effects of racism
can be internalized causing poor decision making
with regard to health-seeking behaviors. Similarly,
Paradies et al. (2015) found significant associa-
tions between racism and physical and mental
health where ethnicity (referenced as Asian Ameri-
can, Latino(a) American, and African American)
moderated the effects of racism. Finally, there is
also research outside of the United States that
highlights how psychosocial/sociopolitical factors
influence health outcomes. Within Cuba, though
racism remains salient, there is less racial disparity
with regard to socioeconomic status relative to
other regions of the Americas (Paradies et al.
2015; Roland 2011). Orddnez et al. (2005; 2013)

report that, unlike other places throughout the
Americas, where individuals of recent African des-
cent experience higher incidences of hypertension,
Black Cuban men residing in Cuba have a lower
or comparable incidence of hypertension relative
to their White peers. Cooper et al. (2005) report
similar results for three African-descended popu-
lations in a cross-cultural study. The work of
Ordunez, Cooper, and those cited above illustrate
that both psychosocial and sociopolitical environ-
ments, and not race presumably acting as a proxy
for some undetermined biological factor, are
potent factors that influence health outcomes.

Accordingly, from the constructivist perspec-
tive, employing biological notions of race can pre-
clude the ability to fully understand disparity
between groups (Caulfield et al. 2009). Some
scholars have cautioned against research efforts
that focus solely on genetic or biological factors as
causative explanations for racial disparities, noting
that such efforts may divert resources away from
efforts to wunderstand how psychosocial and
sociopolitical factors shape disparity (Braun 2002;
Duster 1984, 2015; Williams and Sternthal 2010).
Despite the critiques of biological race concepts in
medical discussions of disease disparities, the
notion that human difference can be codified into
racial groups persists and is most apparent in
biomedical contexts.

With the discovery of the structure of DNA in
1952 and the subsequent incorporation of molecu-
lar biology methodologies into questions of human
variation, improved technologies seemingly helped
to acquire support for nonbiological explanations
of race. Richard Lewontin’s seminal paper, “The
Apportionment of Human Diversity” (1972),
showed that the distribution of human genetic
variation does not adequately conform to con-
structs of race. Since that paper, a number of
additional genetic studies, some concurring and
others critiquing Lewontin’s conclusions, have
fueled the debate about human variation as it per-
tains to the biology of race (Edwards 2003; Jorde
et al. 2000; Shiao et al. 2012; Witherspoon et al.
2007).

Despite Lewontin’s work and four decades of
corroborating research indicating a lack of support
for biological races, a 2009 survey by Kaszycka
et al. revealed that there remains variability in the
perspectives on race; variability that is shaped by
sociopolitical factors as well as education. In this
survey, Kaszycka et al. asked European anthro-
pologists and scientists from a variety of fields
about the existence of biological race. They found
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that, “Respondents educated in Western Europe
and middle-aged persons reject race more fre-
quently than respondents educated in Eastern Eur-
ope and those from both younger and older
generations” (Kaszycka et al. 2009, 43). In addi-
tion, they noted that biological anthropologists
were more likely to reject biological notions of
race more often than scientists in other fields.
These findings suggest that a biological race con-
cept remains ever present within the sciences and
that there is no unifying consensus on the value of
human difference across scientific fields.

A series of recent studies by Wagner et al.
(2017) and Ifekwunigwe et al. (2017) examined
contemporary ideas about the relationship between
race, ancestry, and genetics. These new studies,
based on survey responses from over three thou-
sand people associated with the American Anthro-
pological ~ Association, appear to challenge
Kaszycka et al.’s (2009) findings. Wagner et al.
focused on the quantitative aspects of the survey,
while Ifekwunigwe et al. analyzed the qualitative
aspects of the survey, generally concluding that,
among anthropologists, there is consensus on the
biological fallacy of race as well as the acknowl-
edgment that the social realities of race as lived
experience can have significant impacts on other
aspects of life including health. Like Kaszycka
et al’s study, both studies recognized that
sociopolitical factors, operationalized as privilege
groups, shaped sentiments about race and genet-
ics.> While the studies by Wagner et al. and Ifek-
wunigwe et al. indicate a growing acceptance of
the nonbiological basis to race among anthropolo-
gists, their results must be tempered against their
sample size and participant characteristics. Of the
3,286 survey participants, 82% (n = 1918) were
professional anthropologists, and of this amount,
only 10% (n = 201) of the respondents were bio-
logical anthropologists. This is an important factor
because, presumably professional  biological
anthropologists shape scholarly narratives on bio-
logical aspects of human variation which are then
disseminated to other academics and eventually
the lay public. Accordingly, based on the paucity
of responses from biological anthropologists, it
may be difficult to accurately gauge consensus on
race specifically among this group of anthropolo-
gists. Regarding the nuance gained by considering
sociopolitical factors, the distribution of partici-
pants representing each privilege group were
unequal, where only about one-quarter of the par-
ticipants identified as non-White women or men
and about 75% of the respondents identified as
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White women or men. In the most general terms,
this aspect of the study is informative about how
sociopolitical factors shape ideas about the rela-
tionship between race, ancestry, and genetics.
However, the disparity in representation between
privilege groups makes it difficult to appreciate
variation across and within each group and the
reasons behind why such differences in under-
standing exist. This is particularly important
because, as noted by Wagner et al., a nuanced
understanding of how privilege groups shape ideas
about race is critical due to differences in how
privilege groups interpret human variation, and
this has implications on how science is done and
disseminated to the public (e.g., public policies,
appropriate study questions, funding, etc.).
Despite evidence of a growing acceptance of a
nonbiological bases to race among anthropolo-
gists, using available data, there remains some
debate about appropriate ways to rectify relation-
ships between race, biology, and genetics.

As I have argued previously (Benn Torres and
Kittles 2007), despite an increasing acknowledg-
ment of the limits of the concept of race to explain
biological differences, some biomedical scientists
continue to employ the “race as biology” para-
digm for a variety of reasons (Burchard et al.
2003; Risch et al. 2002; Winker 2006). Though
generalizing, in studies that rely on purported bio-
logical race, there is usually no clarification of
how key terms are being deployed. These types of
studies rely on the presumption that the reader
knows what or who constitutes each racial group,
and this presumption illustrates a lack of scientific
holism (Winker 2006). In the absence of an expla-
nation for perceived racial differences, researchers
often fall back to using cultural categories about
race that are loaded with biological meaning. This
approach is reductive and allows for the attribu-
tion of group characteristics, biological and other-
wise, to a particular health outcome (Bamshad
et al. 2004; Kaplan and Bennett 2003).

Additionally, confounding usages of race have
become institutionalized in the most influential US
scientific establishments (Banks 2011; Kaplan and
Bennett 2003; Lee, Nelson, and Wailoo 2012). In
grant applications to the largest US public
research-funding agency, the National Institutes of
Health, investigators are compelled to represent
individuals of all races in their proposed study. If
a particular group is excluded, investigators must
provide a justification. In meeting this obligation,
each investigator must estimate the number of
people they will attempt to enroll, categorized by



race, where racial categories are defined by the
federal Office of Management and Budget or the
OMB (Banks 2011; Gabriel 2012). The OMB sets
the standard of racial categories to be used in all
federal data including the census (Kaplan and
Bennett 2003). As evidenced in the social science
literature, racial categories change and are often
revised with every census even when—as in 2000—
individuals were permitted to choose multiple
races (Hirschman, Alba, and Farley 2000). Though
the upcoming 2020 census will continue to query
census takers about their race and ethnicity, aca-
demics have developed critiques about how the
OMB asks about race and ethnicity. These aca-
demics cite problems with how the data are used
and interpreted with regard to how majority/mi-
nority status is (mis)represented. Additionally,
they note that these problematic census data can
potentially change policy and rhetoric about the
affected populations. (Strmic-Pawl, Jackson, and
Garner 2018).* While the requirement to adhere to
racial categorizations in federal research grants is
an attempt to rectify past abuses, such as those
that occurred within the Tuskegee Syphilis study
(see Washington [2006] for details about this
study) and mitigate the possibility of ignoring
understudied/underrepresented groups, it, in effect,
encourages researchers to impose a racialized
study design sometimes without thoughtful regard
to the role or meaning of race within the study.
While the ethical motivations for this requirement
cannot be ignored and have been discussed else-
where by biologists and social scientists, the impo-
sition of racial categories within biomedical
research can aid in reifying racial groups as natu-
rally occurring and biologically distinct groups
(Banks 2011; Hahn and Stroup 1994). Thus, many
scientists find themselves in a seemingly contradic-
tory position in which they must employ biolo-
gized racial constructs yet disregard these
purported differences due to the lack of an empiri-
cally supported biological basis to race (Banks
2011). In other words, investigators acknowledge
difference between human groups and conse-
quently use race as a proxy for these differences,
but they are in no way compelled to investigate
the nature of relevant differences that may or may
not play some role in the health outcomes the
research is designed to measure. This federal man-
date, while attempting to uphold ethical tenets,
can hinder the ability to think about or value
human difference in innovative and meaningful
ways. Furthermore, according to several meta-ana-
lyses, the mandate has not mitigated the lack of

minority representation in research (Chen et al.
2014; Geller, Adams, and Carnes 2006; Geller
et al. 2011; Knerr, Wayman, and Bonham 2011)
and by extension, has not encouraged researchers
to shift toward a more critical understanding of
how race shapes disease susceptibility. The investi-
gator’s paradox, it seems, reflects the larger issue
of how to think about and utilize race and human
variation as meaningful categories in biomedical
research.

While both social science and biomedical
researchers agree that humans exhibit variation, as
illustrated above, there are fundamental disagree-
ments about how to incorporate and give meaning
to difference (Hunt and Megyesi 2008; Outram
and Ellison 2006). In the years surrounding the
Human Genome Project (1990-2003), scientists
and politicians alike projected a future in which
genomics held new answers to old problems (Alt-
man 2000; Collins et al. 1998; Guyer and Collins
1995; Lander 1996).5 Yet, as illustrated in a series
of publications between Shiao et al. (2012) and
Fujimura et al. (2014), improved understandings
of the nature and distribution of human genetic
variation have not provided solutions but instead
have further heightened tensions about how race is
operationalized in the biomedical sciences. Corre-
spondingly, robust responses to these newer find-
ings within genetics have not yet been fully
incorporated into anti-racist anthropological per-
spectives.

THE UNCERTAINTY OF RACE IN THE
POST-GENOMIC AGE
Genetic information of the Post-Genomic Age has
complicated the debate of how best to employ
human genetic variation within research. As refer-
enced here, the Genomic Age refers to both the
time period during the Human Genome Project
and also the aftermath of the project in which
researchers annotated the sequence (Guttmacher
and Collins 2003). Increasingly, the term Post-
Genomic Age is used to refer to complex investi-
gations into how the different components and
products of the sequence work. This includes
many types of “-omic” areas of study such as pro-
teomics, which examines the ways that genes are
expressed as proteins, or metabolomics, which
examines how DNA sequence influences the chem-
icals that control cellular biochemistry and meta-
bolism (Benner, Trabesinger, and Schreiber 1998;
Brower 2001; Jones 2001).

Shortly before the formal end of the Human
Genome Project, in the much cited 2002
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publication, Rosenberg et al. (2002) used genetic
data from fifty-two worldwide populations to
examine global patterns of genetic variation. Their
analyses suggested that 93%-95% genetic varia-
tions can be found within populations, while only
3%—-5% was attributed to between-group varia-
tion. They also found the most statistical support
when the data were portioned into five geographic
clusters: Africa, Americas, East Asia, Europe, and
Oceania. While the authors did not outwardly pro-
mote these clusters as racial groups, these five geo-
graphic groups generally correspond to the five
varieties identified by Blumenbach some two
centuries earlier. This correspondence between
nineteenth- and twenty-first-century scientific
notions was not missed among the popular press
(Wade 2002).° Thus, Rosenberg et al.’s publication
was perceived as a “scientific’ method to deter-
mine race because the researchers presumably used
biological data to establish differences between
groups.

At the time of Rosenberg et al.’s 2002 publica-
tion, the statistical estimation of genetic ancestry
was not at all a new technique. Several decades
before, researchers used a variety of allelic systems
based on various genetic markers derived from
blood groups, plasma proteins, red cell enzymes,
or immunological polymorphisms to estimate pro-
portions of ancestry from global populations
(Chakraborty 1975; Mielke, Konigsberg, and
Relethford 2010; Pollitzer 1972). However, Rosen-
berg et al.’s publication was one of the first to use
molecular markers derived directly from observing
DNA sequences, as opposed to classic or protein
genetic markers, to examine human population
structure on a global scale.

The use of molecular markers represented a
technological advancement. Rather than examining
the products of the genetic sequences, researchers
could now consider specific locations throughout
the genome as well as directly examine forces of
evolution (mutation, gene drift, gene flow, and nat-
ural selection) in a more refined fashion (Rubicz,
Melton, and Crawford 2007). Consequently, this
use of molecular markers represented the most up-
to-date method of examining global patterns of
human genetic variation with the bonus of a preci-
sion that had not been available in previous stud-
ies.

In addition to examining population substruc-
ture at a global scale, researchers have also lever-
aged human genetic variation to understand the
genetic etiologies of disease through the use of gen-
ome-wide association studies (GWAS). The
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primary goal of GWAS is to identify genetic vari-
ants that have some role in altering disease risk
(Donnelly 2008). While GWAS have had some
successes in implicating genetic contributors to dis-
ecase (MacArthur etal. 2017, McCarthy and
MacArthur 2017), they have added to the uncer-
tainty of race as it relates to genetics (Clark et al.
2005; Clarke and Cooper 2010). Of most relevance
to human variation and GWAS is the problem of
non-replication of significant associations across
human groups. With non-replication, genetic vari-
ants that confer disease risk within one population
do not hold the same significant risk in other pop-
ulations (Huang et al. 2016; Marigorta et al. 2011;
Moonesinghe et al. 2012). Non-replication can be
attributed to an uneven distribution of alleles
within subpopulations or population substructure
(Falush, Stephens, and Pritchard 2003). Popula-
tion substructure can lead to false positive results
in GWAS and diminished statistical power. The
problems created by population substructure can
be statistically adjusted for in GWAS studies by
using genetic ancestry estimates as a corrective
factor (McCarthy et al. 2008). Alternatively,
researchers may opt to use homogenous popula-
tions in GWAS in order to minimize the effects of
population substructure (Tian, Gregersen, and Sel-
din 2008). These analytical issues caused by popu-
lation substructure and resulting in inconsistent
associations across populations can be conflated
with biological race concepts. In this line of rea-
soning, the inconsistent associations between dif-
ferent populations serve as evidence of meaningful
biological difference between these populations.
Accordingly, the notion of biological race is reified
where differences between predetermined groups
serve as evidence that the predetermined groups
are indeed real and biologically distinct. This
stance potentially reinforces the errant conclusion
that humans can be divided into biologically
meaningful racial groups and, by extension, that
genetic etiologies of discase may differ between
these groups. This idea of biological race differ-
ences is pervasive throughout biomedicine and
most evident in study designs that partition by
race (Burchard et al. 2003; Caulfield et al. 2009).
As a result, both anthropologists and sociologists
have critiqued in detail the inconsistent uses of
race to describe human genetic variation and the
use of race as a biologically meaningful variable
(Benn Torres and Kittles 2007; Bolnick et al.
2007; Hatch 2016; Kahn 2012; Roberts 2012; Tall-
Bear 2013). As described in these sources, when
racialized paradigms become integrated into



biomedical research, the findings of such work can
potentially create and reinforce racism as results
permeate into health initiatives and policy.

As discussed in the preceding sections, the
meanings and value of race within social scientific
and biomedical perspectives remains contested,
and this issue is highlighted with GWAS. Corre-
spondingly, in response to the problems associated
with GWAS, some researchers have called for a
change in the underlying disease models used to
study the genetics of complex disease (Adeyemo
and Rotimi 2010; Katsanis 2016; Rosenberg et al.
2010). These proposed changes to disease models
also have relevance to questions of race and
human genetic variation.

HUMAN VARIATION AND MODELING
HUMAN DISEASE

With the advent of sophisticated bioinformatics
analyses, population geneticists and pathobiologists
have debated the most appropriate way to model
human disease (Gibson 2012; Pritchard and Cox
2002; Zuk et al. 2014). Several competing models
have been proposed, among them is the Common
Disease Common Variant hypothesis, or CDCV
(Bomba, Walter, and Soranzo 2017; Gibson 2012;
Peng and Kimmel 2007; Schork et al. 2009).
Briefly, the CDCV model proposes that a small
number of moderately frequent (in greater than
5% of the population) genetic variants with moder-
ate effects on disease risk underlie common com-
plex diseases such as hypertension or diabetes. In
other words, the genetic factors that are associated
with common disease are relatively common among
affected individuals. According to the CDCV
model, one might expect that comparisons of the
entire genomes of affected and unaffected groups
would reveal genetic factors contributing to the dis-
ecase because the responsible variants would be
found in higher frequencies within the affected
group relative to the unaffected group. As men-
tioned above, this is the idea behind GWAS. While
the CDCV model, and by extension, GWAS have
been successful in identifying genetic risk factors
underlying some inherited diseases, there are signifi-
cant methodological and statistical challenges in
elucidating genetic risk variants in complex disease,
especially identifying causal variants across human
groups. These challenges include, but are not lim-
ited to, developing the appropriate statistical tools
to analyze different types of genetic variation such
as copy number variants (CNVs), accounting for
error in genotype calls that have been imputed
(calls that are based on reference data rather than

directly genotyped), determining the roles of vari-
ants in disease risk, as well as figuring out which
and how genes interact with each other to influence
disease susceptibility (McCarthy et al. 2008;
Moore, Asselbergs, and Williams 2010; Rosenberg
et al. 2010). As mentioned, one commonly cited
critique of GWAS is lack of replication between
populations (Kraft, Zeggini, and Ioannidis 2009).
In addition to a lack of replication, another com-
monly cited limitation of GWAS and its underlying
disease model is that for the vast majority of com-
mon diseases, the identified risk variants only
explain a small amount, about 5%-30%, of the
heritable component of a disease (Hirschhorn and
Gajdos 2011; Schork et al. 2009). This effectively
means that the majority, 70%-95%, of the under-
lying heritable causes of disease are unknown.
Researchers have put forward several ideas to
explain why GWAS studies only detect small
amounts of the heritable components of a disease:
these ideas include epigenetic factors, gene interac-
tions, and discounting the effects of the microbiome
as well as population genetic parameters (San-
doval-Motta et al. 2017; Simons et al. 2018). One
increasingly accepted idea involves the use of alter-
native disease models (Manolio et al. 2009; Marian
2012; Zuk et al. 2014).

Though there have been some successes using
the CDCV model and GWAS, one alternative
model that holds some potential for understanding
the genetic architecture of common disease is
known as the Common Disease Rare Variant
model (CDRYV). Under the CDRV model, a large
number of rare variants, where rare variants are
nucleotide substitutions that occur in less than 1%
of the population, have large effects that underlie
a common disease (McCarthy et al. 2008).

In a genetic survey published in Science, Ten-
nessen et al. (2012) examined the frequency and
distribution of rare variants within the protein-
coding region of the genome in about twenty-four
thousand North Americans. Of the study partici-
pants, roughly half were of European descent and
the other half of recent African descent. By
sequencing the entire protein-coding regions of the
genome in each of the participants, the authors
identified over five hundred thousand variants,
some of which were predicted to influence disease
risk. Of the total number of variants observed in
the entire sample, approximately 86% were rare
and, in evolutionary terms, recent. Tennessen et al.
also found that the vast majority, 91%, of the
identified rare variants were private or population-
specific variants. Of these rare variants, roughly
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50% were found only among African Americans,
and 41% were found only among European Amer-
icans. The remaining 9% of the rare variants were
shared between both African American and Euro-
pean American populations. The distribution pat-
tern of rare variants was unlike the pattern
observed for common variants, in which 76% of
the identified common variants were shared
between African American and European Ameri-
can populations. The private alleles are thought to
have arisen within their respective populations as
a result of demographic histories, namely differ-
ences in population growth and in selective pres-
sures.

As explained by the Tennessen et al. findings,
because many of these rare variants are private,
replication of significant associations in GWAS
across different human groups may be unlikely to
occur. As some rare variants are predicted to have
an impact on disease risk and susceptibility, these
private rare variants will, out of necessity, be the
focus of biomedical research (Kosmicki et al.
2016). Consequently, as the search to identify dis-
ease-causing, population-specific rare genetic vari-
ants disseminates through biomedicine, this
research will likely be done using a framework that
is responsive to the population-specific nature of
rare genetic variants. In other words, as the search
for causative genetic elements increasingly incorpo-
rates rare variants, study designs will have frame-
works that are consistent with biological notions of
difference, namely, race. Already, some researchers
have suggested that racial/ethnic groups should be
analyzed independent of one another in attempt to
find disease risk alleles in association studies
(Ntzani et al. 2012; Wise et al. 2012). Other
researchers, however, have begun to make attempts
to statistically adjust for confounding that can
occur as a result of including multiple ethnic
groups in association analyses (Hoffmann and
Witte 2015; Lee et al. 2013; Liu et al. 2013). Con-
sidering these types of studies, it becomes apparent
that due to an expanding understanding of genetic
variation in combination with the ease of using
race/ethnicity as a categorical variable, where such
categorical variables can work to erroneously sub-
stantiate invalid notions of biological race, racial-
ized frameworks will persist within biomedicine.
This difference between how social scientific and
biomedical researchers make use of race will there-
fore remain distinct and problematic. Accordingly,
anthropologists need to critically think about how
to reconcile these distinctive applications of race
between social and biomedical contexts.
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ANTHROPOLOGICAL PERSPECTIVES ON
GENETICS AND RACE IN THE POST-
GENOMICS AGE

As a discipline, anthropologists espouse the use of
holistic approaches to understand human experi-
ence; this includes elucidating the nature of what
makes humans similar and simultaneously different
from each other. While many anthropologists have
set aside notions that rely on biology to categorize
humans into racial groups, the idea that there is a
biological basis to race remains pertinent within
some of the broader fields in which anthropologi-
cal knowledge is produced, as discussed in previ-
ous sections. As scholars of human variation,
anthropologists must be prepared to engage in and
respond to biological ideas about the nature of
human difference or risk becoming irrelevant in
discussions of meaningful human variation. Given
new findings about human variation, such as rare
genetic variants and the potential role of rare vari-
ants in disease, the overly simplistic idea that race
is only a social construct is no longer sufficient.
The idea that race can simply be deconstructed
into social factors fails to explain underlying ele-
ments that shape human difference and potentially
falls short in explaining meaningful biological dif-
ference between populations that potentially con-
tribute to disease disparity as understood in
epidemiological and biomedical literature. Conse-
quently, anthropologists must lead efforts that
both critique biological notions of race yet explain
the distribution of genetic difference within and
across populations. While there is no standard
approach to this endeavor, such efforts should be
context dependent and consider specific histories,
politics, as well as demographic and environmental
factors. Constructivist approaches to race, as dis-
cussed in previous sections, are attentive to how
race and racism shape variation in disease out-
comes. These approaches can serve as useful para-
digms that may be incorporated into biomedical
models, which simultaneously reject biological
notions of race yet acknowledge the roles that race
may play in shaping biological outcomes.

Inter- and intradisciplinary dialogues between
scholars will be necessary to implement new ideas
and innovate existing models that allow for the
reconciliation of the broader meanings of race,
such as social constructions and their interactions
with biology. Implementing approaches that pro-
mote a critical usage of race across both social
and biomedical contexts requires a willingness to
seriously consider how and why race is utilized
within respective fields. One interesting approach



to this issue was considered by Maglo (2010). In
this paper, Maglo proposes that race potentially
can be utilized as a “problem-solving tool rather
than a concept with an objective referent in nat-
ure.” Accordingly, the utilization of a biological
concept of race may provide a rudimentary means
of considering variables such as environment or
population structure that are biologically salient.
According to Maglo, race becomes a ‘“validity-
indifferent utility,” meaning that it is not necessary
for race itself to be a real biological or evolution-
ary factor; rather, race is valued on its ability to
address research problems (Maglo 2010, 361).
Noting this, uses of race in biological frameworks
must be done in a critical manner. Researchers
must provide some justification explaining the cri-
teria for establishing each group it defines as dis-
tinct in an investigation. With a more critical
approach to operationalizing race, the construc-
tivist nature of race is acknowledged, and race is
valued as a concept in terms of its ability to make
sense of biological data. While the inherent danger
of typological thinking remains even with this for-
mulaic, this more critical deployment of a race
concept has the potential to help bring racialized
factors to the forefront of research and to eluci-
date how race becomes biology. It is through sub-
tle shifts in perspective that race, in a variety of
contexts, can be more fully understood and uti-
lized to produce more holistic insights into the fac-
tors that modify human experience.
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NOTES

1. See also: “Rare Variants.” Nature website.
Accessed April 22, 2013. https://www.nature.c
om/subjects/rare-variants.

2. See also: Hayden, Erika. 2012. “Humans
Riddled with Rare Genetic Variants.” Nature

website. May 17, 2012. Accessed April 23, 2013.
http://dx.doi.org/10.1038/nature.2012.10655.

3. In these studies, sociopolitical factors were
approximated by categorizing participants into one
of four “privilege categories”: non-White woman,
White woman, non-White man, and White man.

4. See also: Alba, Richard. 2018. “Analysis |
There’s a Big Problem with How the Census Mea-
sures Race.” Washington Post website, February 6,
2018, sec. Monkey Cage Analysis. Accessed May
24, 2018. https://www.washingtonpost.com/news/
monkey-cage/wp/2018/02/06/theres-a-big-problem-
with-how-the-census-measures-race
Autry, Robyn. 2017. “How Racial Data Gets
‘Cleaned’ in the U.S. Census.” The Atlantic web-
site, November 5. Accessed May 24, 2018. https://
www.theatlantic.com/technology/archive/2017/11/
how-racial-data-gets-cleaned/541575/.

5. See also: Clinton, Bill. 2000. “Announcing
the Completion of the First Survey of the Entire
Human Genome.” The White House at Work
website. June 26. Accessed April 25, 2018. https://
clintonwhitehouse4.archives.gov/WH/Work/062600.
html.

Watson, James, and Norton Zinder. 1990. “Gen-
ome Project Maps Paths of Diseases and Drugs.”
The New York Times website, October 13, 1990,
sec. Opinion. Accessed April 25, 2018. https://
www.nytimes.com/1990/10/13/opinion/I-genome-
project-maps-paths-of-diseases-and-drugs-239090.
html

6. See also: Wade, Nicholas. 2003. “2 Schol-
arly Articles Diverge On Role of Race in Medi-
cine.” The New York Times website, March 20,
sec. U.S. Accessed May 22, 2018. https://www.
nytimes.com/2003/03/20/us/2-scholarly-articles-dive
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