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Clines Without Classes: How 
to Make Sense of Human 
Variation
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Ossorio1, and Jonathan Marks6

Abstract
This article examines Shiao, Bode, Beyer, and Selvig’s (2012) arguments in their article 
“The Genomic Challenge to the Social Construction of Race” and finds that their claims 
are based on fundamentally flawed interpretations of current genetic research. We discuss 
current genomic and genetic knowledge about human biological variation to demonstrate 
why and how Shiao et al.’s recommendations for future sociological studies and social 
policy, based on their inadequate understanding of genomic methods and evidence, are 
similarly flawed and will lead sociology astray.
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In their 2012 article, “The Genomic Challenge to the Social Construction of Race,” Shiao et 
al. (2012:73) claim that research on human genetic variation indicates the existence of 
“clinal classes” of humans that “provide a biological basis for [U.S.] racial and ethnic cate-
gories.” They “argue that the recent research in genetics demonstrates that certain racial, and 
also ethnic, categories have a biological basis in statistically discernible clusters of alleles 
rather than in the traditional notions of human races” (pp. 68-69). Referring to the work of 
some geneticists, they note that “membership in these statistically identified genetic clusters 
appears to be concordant with at least one individual characteristic: racial/ethnic self- 
identification.” They then offer “a reformulation of racial constructionism that accepts that 
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Fujimura et al. 209

recent genetic research has identified a biological basis for race/ethnicity that exceeds the 
more realistic threshold of statistically identifiable clusters” (p. 71).

Shiao et al. (2012) criticize social scientists for ignoring new genomic data when they 
posit that human racial groups are socially constructed. New statistical analyses of genomic 
data based on collections of human DNA, Shiao et al. argue, indicate that human biological 
variation is patterned into clusters that mirror the sociocultural groupings commonly desig-
nated as races and ethnicities. That is, they hold that “races” are indeed biological categories, 
albeit with blurred edges. Since the authors surmise that social constructivists are uncom-
fortable with any framing of races as biological categories, they propose that the “biological 
race” concept be replaced by the concept of “clinal classes.” However, there is so much 
overlap between the two concepts that Shiao et al. are really proposing a replacement of 
terms rather than a fundamentally new concept. Shiao et al. also propose that these biologi-
cal races or clinal classes are reflected in “the social perception of ancestry,” which they 
define as how people classify themselves and others based on physical characteristics. The 
authors thus argue that while social perceptions of race may be socially constructed, such 
perceptions nevertheless coincide with biological races, as defined by what they think are 
genetic markers of biological ancestry.

Despite their claims to the contrary, Shiao et al. (2012) are using recent human genetic 
research to reintroduce the age-old construct of biological races, just renamed as “clinal 
classes.” Shiao et al.’s interpretation of genetic clustering research opens the possibility that 
readers will misunderstand the clustering technologies and the genetic evidence.1

In this article, we show that the genetic research used by Shiao et al. (2012) to construct 
their clinal classes does not constitute evidence for the existence of genetically distinct racial 
and ethnic groups. We demonstrate that commonly used U.S. racial and ethnic categories do 
not represent what they call clinal classes and are not equivalent to them. Nor are the genetic 
clusters identified by the Structure or principal components analysis (PCA) computer soft-
ware programs homologous to racial or ethnic categories, as Shiao et al. claim. We also show 
that sets of biological features usually thought to delineate racial groups—such as skin color, 
hair texture, and facial features—do not covary. Instead, they vary across space, irrespective 
of racial group.

Further, Shiao et al. (2012) misrepresent the complexity of concepts and categories of 
self-identified race and ethnicity and their complex histories of production over historical 
time. A wealth of sociocultural and historical evidence has demonstrated that human race 
and ethnic categories are socio-historically constructed, changing over time and differing by 
locale (e.g., Boas 1913; Du Bois 1940; Duster 2003; Hacking 2005; Haraway 1997;  
Stepan 1986). Sociologists have demonstrated that racial and ethnic categories and identities 
are relational, processual, dynamic, and disaggregated (Blumer 1958). They have studied 
racialized and ethnic formations as cultural idioms, cognitive schemas, discursive frames, 
contingent practices, or political projects (e.g., Brubaker, Loveman, and Stamatov 2004; 
Davis 2001; López 1996; Omi and Winant 1994). Studies have examined how race classifi-
cation schemes differ between countries or cultures and even within a particular nation over 
time (e.g., Kim 2008; Loveman and Muniz 2008; Telles 2004). Others have examined the 
many inconsistencies between official and practical interpretations of race classifications—
in apartheid South Africa, for example (Bowker and Star 1999). Despite occasional attempts 
in the late twentieth century to make the case for “innate biological” racial differences in, for 
example, intelligence, the consensus of social and historical scholarship is that racial and 
ethnic categories are formed through—and should be studied as—political, social, cultural, 
and psychological processes. Many scholars have examined how such socially constructed 
racial beliefs and attitudes have influenced studies proposing a biological basis to race 
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(Benjamin 2009; Cho and Sankar 2004; Duster 2006; Fausto-Sterling 2008; Goodman 2006; 
Morning 2009). More recent studies have examined the “one-drop” rule in the United States 
that played the primary role in structuring “African American” or “Black” racial member-
ship in legal and political arenas (e.g., Washington 2011).2 The suggestion that all this socio-
historical variation has a biological basis makes little sense.

ClINAl GENETIC VARIATION IN HUMANS

In 1938, evolutionary biologist Julian Huxley coined the term cline to describe the pattern of 
biological variation in some species. A cline is “a gradation in measurable characters.”3 
Because traits change gradually and continuously across geographic space in a cline, one 
cannot objectively divide a cline into discrete categories; the placement of any dividing line 
will be arbitrary.

Many biologists writing in the eighteenth, nineteenth, and twentieth centuries—and even 
a few in the twenty-first century—believed that biology could be used to classify humans 
into different classes or subspecies. Arguing against this position, biological anthropologist 
Frank Livingstone (1962) proposed that the genetic continuity of humans occurred in the 
form of “clinal variation.” He argued that human genetic variation was the result of constant 
movements and migrations among people, that there were no major reproductive barriers 
between peoples, and therefore that genetic variation was continuous across large geographic 
areas. As a result of these processes, Livingstone noted that each character or feature varied 
“nonconcordantly,” that is, that characters or features did not vary together for each indi-
vidual. This, he argued, was evidence that humans could not be divided into distinct “classes” 
or “subspecies” or “races.”

Over the past 50 years, anthropologists and human geneticists have produced more evi-
dence that most variation in the human species is clinal. Both gene frequencies and pheno-
typic traits, such as skin color or cranial morphology, vary clinally, with few sharp 
discontinuities (Barbujani and Colonna 2010; Batai and Kittles 2013; Marks 2010; Relethford 
2009; Serre and Pääbo 2004). Furthermore, both genetic and phenotypic traits vary  
nonconcordantly, with different traits exhibiting distinct patterns of variation across geo-
graphic space (Goodman 2000; Jorde and Wooding 2004). Skin color, for example, exhibits 
a continuous latitudinal gradient: individuals who live at lower latitudes (near the equator) 
and who are exposed to greater ultraviolet (UV) radiation intensity exhibit darker skin than 
individuals living at higher latitudes who experience lower UV radiation intensity (Jablonski 
and Chaplin 2010). In contrast, certain genetic variants show a southwest to northeast gradi-
ent in western Eurasia (Rosser et al. 2000) while others exhibit an east to west gradient 
across Eurasia (Xiao et al. 2004). Other traits also show distinct clinal gradients across the 
world. Thus, sets of biological features usually thought to delineate racial groups—such as 
skin color, hair texture, and facial features—do not covary. Instead, they vary independently 
across space, irrespective of racial group (Goodman 2000; Marks 2010).

Because of such nonconcordant clinal variation, our species is not subdivided into dis-
crete, genetically distinct, and biologically homogeneous racial or continental groups. 
Instead, human populations tend to be most genetically similar to others who live nearby, 
irrespective of continental boundaries, and the degree of genetic similarity between popula-
tions is inversely correlated with geographic distance (Barbujani and Colonna 2010; Li et al. 
2008; Ramachandran et al. 2005; Relethford 2004).

These patterns have been shaped by three key factors over the course of human evolution: 
(1) Migration and gene flow (genetic exchange) between populations is spatially patterned. 
Extensive interbreeding almost always occurs between neighboring groups, which are con-
nected by complex social, economic, and marital relationships regardless of racial or cultural 
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affiliation labels (Marks 2010). Geographic distance also limits migration, so restricted gene 
flow has produced a pattern of “isolation by distance” among human populations and has 
contributed to the gradients of genetic change that we see in our species (Cavalli-Sforza, 
Menozzi, and Piazza 1994; Jay et al. 2013; Lawson-Handley et al. 2007; Relethford 2004). 
(2) Clinal variation in humans also reflects the successive long-distance migrations and 
founder effects that occurred as humans migrated out of Africa and dispersed throughout the 
world (Campbell and Tishkoff 2008; DeGiorgio, Jakobsson, and Rosenberg 2009; 
Ramachandran et al. 2005). (3) Clinal variation in some genetic and phenotypic traits reflects 
natural selection and adaptation in response to environmental gradients (Barbujani and 
Colonna 2010; Jablonski and Chaplin 2010; Relethford 2004).

Thus, because of the cumulative effects of these evolutionary forces, clinal variation is 
the predominant characteristic of human biological variation. With data on a sufficiently 
large number of genetic variants, though, it is possible to detect small and subtle discontinui-
ties in some clines. There are two evolutionary reasons for this. First, sequential founder 
effects and random genetic changes (genetic drift) occurred as humans spread throughout 
the world, producing gene frequency differences between some groups (e.g., Asians and 
Native Americans). Second, some environmental and geophysical factors (e.g., mountain 
ranges or large bodies of water) have reduced gene flow between geographically proximate 
populations. It is therefore possible to detect some genetic clusters, or groups of individuals 
who are more genetically similar to one another than they are to other individuals.4 Because 
of nonconcordant clinal variation, however, different clustering patterns emerge from stud-
ies of different genetic variants (see the following), and genetic clusters are usually com-
prised of people who live geographically close together. A genetic cluster may therefore 
contain people from the same continent (e.g., Africa) or people from different continents 
who live fairly close to the continental boundary (e.g., northeastern Africans and Middle 
Easterners, or northeastern Siberians and native Alaskans). The genetic clusters that have 
been detected do not always correlate with racial or ethnic categories.

ClINAl ClASSES: AN OXyMORON AND NOT A DESCRIpTION OF 
RACIAl/ETHNIC CATEGORIES

Having explained the pattern of human clinal variation and the forces that have shaped that 
pattern, we now turn to Shiao et al.’s (2012) notion of “clinal classes,” explain why it is an 
oxymoron, and discuss three reasons why their idea is problematic.

Shiao et al. argue that the genetic clustering patterns revealed by recent genomic data dem-
onstrate that significant biological differences do exist between socially defined racial and 
ethnic groups. They suggest that “roughly 60 to 150 randomly selected loci are needed to sepa-
rate individuals into genetic clusters that are homologous to continentally based racial catego-
ries”5 (Shiao et al. 2012:71), and they argue that those clusters are equivalent to the racial 
categories used on the U.S. census and in the contemporary United States. They coin the term 
clinal classes to describe these groupings, defining a clinal class as a statistically constructed 
cluster of individuals who share biological ancestry over the past 50,000 years, so that “clinal 
classes assume a common evolutionary history, possess extensive genetic similarities, and 
coexist with clinal variations both within each class and across classes” (Shiao et al. 2012:72).

However, by definition, a cline is not a class;  therefore, a clinal class is an oxymoron. 
Beyond that, there are at least three key problems with their assertions:

1. What Shiao et al. refer to as the “concept of clinal classes” is not actually a new con-
cept. It is largely identical to an older, discredited race concept that creates typologies 
of people and imposes those typologies upon the human species.
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2. The observed genetic clustering patterns do not actually indicate that there is a small 
number of genetically differentiated human groups that exhibit clear and extensive 
biological differences.

3. The racial and ethnic categories that we recognize in the United States today cannot 
be considered clinal classes because they do not meet Shiao et al.’s definitional crite-
ria. In particular, racial/ethnic categories do not accurately represent patterns of bio-
logical ancestry and genetic relatedness.

We discuss each of these problems in turn.

ClINAl ClASSES: REINVENTING THE EVOlUTIONARy lINEAGE 
CONCEpT OF RACE

Shiao et al. (2012) assert that their concept of clinal classes provides a new theoretical 
framework, but what they describe—statistically constructed clusters of individuals who 
they claim share biological ancestry and a common evolutionary history and who exhibit 
extensive genetic similarities—is essentially the evolutionary lineage concept of race. This 
biological race concept has been previously discussed and critiqued by Templeton (1999, 
2013), Marks (2008), and others, and it defines races as “distinct evolutionary lineage[s] 
within a species” (Templeton 1999:632). As Templeton noted, this definition assumes that 
races are “genetically differentiated due to barriers to genetic exchange that have persisted 
for long periods of time,” leading to a situation in which “many traits should reflect the com-
mon evolutionary history of the [race]” (Templeton 1999:632). The extensive similarities 
between Shiao et al.’s clinal class concept and the evolutionary lineage concept of race are 
obvious. Furthermore, Shiao et al.’s (p. 73) concept of “genetic watersheds” is also not new. 
A “genetic watershed” is analogous to what evolutionary biologists call clades when draw-
ing “phylogenetic tree” diagrams of the ancestral relationships between individuals or popu-
lations (Figure 1). A clade is defined as a group containing an ancestor and all of its 

Figure 1. An example of a “phylogenetic tree” diagram showing four individuals or populations (A-D) 
and the ancestral relationships among them. point 1 represents the most recent ancestor of A-B-C-D; 
point 2 represents the most recent common ancestor of B-C-D. Thus, B, C, and D share a more recent 
common ancestor (point 2) than any does with A, so B is more closely related to C and D than it is to 
A. Evolutionary biologists refer to B-C-D (circled by the dashed line ) as a “clade” (a group containing an 
ancestor and all descendents). Shiao et al.’s (2012) “genetic watershed” is another term for this kind of 
grouping. In contrast, a group containing just A and B is not a clade or a genetic watershed. As discussed 
later in the text, a group containing Africans or black Americans is equivalent to an A-B group, not a 
B-C-D group.
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descendants (Figure 1), and Shiao et al.’s “genetic watersheds” describe essentially the same 
thing. Thus, Shiao et al. are really just proposing a replacement of terms, not any fundamen-
tally new concepts.

ISSUES WITH THE pRODUCTION AND INTERpRETATION OF 
GENETIC ClUSTERS: STrucTure-BASED ANAlySES

The second problem with Shiao et al.’s (2012) assertions is that genetic clustering studies do 
not indicate that our species is divided into a small number of genetically differentiated 
groups. Shiao et al. cite two statistical approaches—the Bayesian clustering program 
Structure (Pritchard, Stephens, and Donnelly 2000) and principal components analysis 
(Paschou et al. 2007; Patterson, Price, and Reich 2006)—which they say yield “genetic clus-
ters that are homologous to racial and ethnic categories” (Shiao et al. 2012:71-72) and “pro-
vide a biological basis for racial and ethnic categories” (p. 73). However, just because the 
Structure program sometimes yields what appear to be continentally differentiated clusters 
is not proof that genetically distinct races exist. To explain this point, we need to briefly 
describe how the Structure program works. (See Bolnick [2008] and Kalinowski [2011] for 
more in-depth analyses of the Structure program and its limitations.)

Structure uses multilocus genotype data to estimate the number (K) of genetic clusters in 
a given data set and to assign individuals probabilistically to those K clusters, assuming that 
(a) all genetic markers are unlinked and inherited independently of one another and (b) the 
clusters (populations) are in Hardy-Weinberg equilibrium (i.e., not experiencing any genetic 
changes from generation to generation at the population level). Structure produces whatever 
number K of clusters is requested by the user. To determine which value of K (and which set 
of genetic clusters) best represents the variation present in a given data set, the user needs to 
calculate the likelihood score for each value of K (i.e., the likelihood of observing this data 
set given that value of K) and select the value of K that maximizes that likelihood (Pritchard 
et al. 2000).6

As Shiao et al. (2012) note, Rosenberg et al.’s (2002) analysis of 377 genetic markers in 
52 populations from around the world did identify five genetic clusters that correspond to 
“major geographic regions” (continental groupings) when K was set to 5. However, their 
data set also produced various other clusters when K was set to other numbers between 2 and 
20, and comparison of the likelihood scores did not suggest that K = 5 best represented the 
genetic variation in this dataset (Bolnick 2008). Some other models (with different values 
for K and different genetic clusters) had higher likelihood scores, indicating that they better 
fit the data, but no single value of K clearly maximized the probability of observing the par-
ticular genotypes seen in Rosenberg et al.’s (2002) data set. In other words, just because 
Rosenberg et al. (2002) could identify subtle genetic discontinuities between continental 
groups of samples when they arbitrarily specified 5 clusters a priori does not mean that those 
clusters better represent or account for human genetic variation than another model specifi-
cation that does not conform to continental boundaries.

Furthermore, it should be noted that more recent analyses using greater numbers of 
genetic markers and different types of markers have yielded different and even less clear-cut 
clusters. Rosenberg et al. (2005) analyzed 993 genetic markers in the same population sam-
ples and identified a slightly different set of genetic clusters when K = 6 (Native Americans 
were divided into two clusters and the Kalash of Central/South Asia did not form a separate 
cluster). When Jakobsson et al. (2008) examined 525,910 single nucleotide polymorphisms 
and 396 copy-number variants in a representative subset of these same samples, the Structure 
analysis yielded somewhat different clusters and clearly showed clines across geographic 
space.7

 at UNIV OF WISCONSIN on October 15, 2014stx.sagepub.comDownloaded from 

http://stx.sagepub.com/


214 Sociological Theory 32(3)

Finally, it should be noted that Structure results are highly dependent on whether the 
method’s assumptions and underlying model (i.e., that the sampled individuals are drawn 
from K separate populations) hold for any given data set. If those assumptions are violated—
as is the case when the data set has been shaped by restricted gene flow with isolation by 
distance (Pritchard and Wen 2004)—then the inferred clusters may be incorrect or “rather 
arbitrary” (Bolnick 2008; Pritchard and Wen 2004:14; Weiss and Long 2009). The sampling 
scheme used also matters: variation in sample size, as well as nonrandom or discontinuous 
sampling, is known to yield incorrect inferences about population genetic structure and can 
lead to the appearance of multiple discontinuous clusters when in fact none exist (Kalinowski 
2011; Schwartz and McKelvey 2009; Serre and Pääbo 2004). Because human genetic varia-
tion has been shaped by restricted gene flow with isolation by distance and because discon-
tinuous sampling has been used in studies of human populations, Structure-based inferences 
about human population genetic structure may be misleading.

Shiao et al. (2012) do acknowledge the circularity of analysis in some Structure-based 
studies, which began by predefining groups and identifying specific genetic markers with 
frequency differences that differentiate those groups (ancestry informative markers, or 
AIMs) and then used those markers to recreate the same clusters of individuals.8 They call 
markers that are used to differentiate predefined groups (loaded AIMs) and place less weight 
on the findings of such studies. However, Shiao et al. also misinterpret Structure results from 
studies that did not use loaded AIMs (e.g., Rosenberg et al. 2002).

ISSUES WITH THE pRODUCTION AND INTERpRETATION OF 
GENETIC ClUSTERS: pCA-BASED ANAlySES

Shiao et al. (2012) also argue that principal components analysis of human genetic data 
divides our species into genetically differentiated groups, similar to the clusters produced by 
Structure, and that PCA therefore provides evidence for their clinal classes. They maintain 
that since studies that use PCA do not use predefined groups, the resulting markers are not 
loaded and the methods are unbiased. Shiao et al. then interpret the clusters produced using 
PCA technologies as demonstrating that racial groups are biological groups or clinal classes.

However, Shiao et al. (2012) are not correct. Some researchers who use newer PCA tech-
nologies like Eigenstrat (Patterson et al. 2006) to cluster individuals based on their genetic 
variation still use predefined populations, usually groups designated by ethnicity or nation, 
to help inform their analyses (Fujimura and Rajagopalan 2011).9 In some such studies, 
researchers collect DNA from different predefined racial/ethnic/national groups based on 
self-identification and then use PCA software to make two-dimensional plots based on a 
subset of the DNA collected from these individuals (Patterson et al. 2006; Price et al. 2008; 
Yamaguchi- Kabata et al. 2008). If the Eigenstrat plots show clusters that correspond to how 
individuals self-identified at the time of DNA collection, then they identify the single nucle-
otide polymorphisms (SNP)10 markers that they consider to contribute most to the top two 
dimensions and call them AIMs.

For another example, some of the researchers who use PCA technologies use designations 
of predefined nationality, ethnicity, or population labels attached to the samples to decide 
which samples to include in the analysis in the first place. In some cases, when looking for 
patterns of variation that differentiate many groups, they will combine all samples from 
many groups before analysis. In others, when looking for specific differences between only 
two or three groups, they will include only the samples from those groups in the statistical 
analysis. The choice of which samples from which groups to include can change the out-
come since PCA is designed to identify the differences that separate only those samples that 
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were entered in the program at the outset. When samples from a particular group are entered, 
the form that cluster takes on the plot will depend on which other samples from which other 
groups are also simultaneously entered. This is a different use of predefined populations than 
using the program to find differences between predefined populations.

Our point is that while PCA and Structure programs cluster samples “blindly” to group 
labels, researchers’ decisions about which samples to compare together, and their interpreta-
tions of the results, are often informed by these labels. Previously determined information 
about individuals’ nationality, ethnicity, or linguistic group may be used to decide which 
groups to compare, how to draw the clusters when their boundaries are non-obvious, which 
configurations of the clusters to pay attention to (especially in Structure), and which SNPs 
should be called AIMs. There is necessarily a back and forth between the “inside” of the 
data, graphs, and plots and the “outside” of the ways the samples are collected. This some-
times leads researchers to infer that observed genetic differences indicate different group 
memberships (where groups are denoted by national, regional, racial, or ethnic designa-
tions), even when that is not the only or most likely explanation for the observed 
differences.

Another key point about the process of constructing genetic clusters is that human geneti-
cists make decisions about which subset of individuals to use to “represent” a “race” or 
“national group” in their sampling procedures and in their cluster analysis. The subsets they 
use are obviously extremely small compared to the number of individuals who identify with 
that race or nationality label. They thus extrapolate their results from a small number of 
individuals to make inferences about a vastly larger number of individuals who self-identify 
with the same race or nationality label and whose genetics have not been studied. For these 
reasons, SNP clusters are not solely the product of the DNA data themselves.

Human geneticists make many decisions about whom to include and how to include them 
in their analyses. If sociologists want to use the work of geneticists, it is crucial that we 
understand how the genetic technologies and research outcomes are constructed and do not 
oversimplify the results. Unfortunately, Shiao et al. (2012) do just that, as we explain in the 
following section.

RACIAl/ETHNIC CATEGORIES ARE NOT ClINAl ClASSES

Perhaps the most problematic of Shiao et al.’s (2012) assertions is the suggestion that socially 
recognized racial and ethnic categories are homologous to clinal classes. Given Shiao et al.’s 
definition of clinal class, commonly used racial and ethnic categories do not represent clinal 
classes and are not equivalent to them. Nor are the genetic clusters produced by Structure or 
PCA homologous to racial or ethnic categories. This is because the members of each racial 
and ethnic group are quite biologically diverse (Barbujani, Ghirotto, and Tassi 2013). Not all 
individuals who identify as members of a racial/ethnic group share a common evolutionary 
history or possess extensive genetic similarities due to shared biological ancestry.

This disconnect between our socially recognized racial categories and the notion of clinal 
classes (or between racial categories and Structure or PCA clusters) occurs because our 
socially produced racial categories are not based on the evolutionary history of our species. 
As Templeton (1999:635) noted, “when a biological race is defined as a distinct evolutionary 
lineage within a species, the question of race can only be answered in the context of the 
recent evolutionary history of the species.” Thus, it is important to know that our species 
evolved in Africa before dispersing throughout the rest of the world (Campbell and Tishkoff 
2008), so African (and recently African-derived) populations have had more time to accu-
mulate genetic diversity through mutation. When humans dispersed out of (east) Africa, the 
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individuals who left Africa carried only a subset of the genetic variants found in the ancestral 
African population. Because of this history, the most divergent genetic lineages are found 
within Africa, and non-Africans exhibit significantly less genetic diversity than African (and 
African Diaspora) populations (Campbell and Tishkoff 2008; Long, Li, and Healy 2009; 
Tishkoff et al. 2009). Some Africans (especially in East Africa) also share more genetic simi-
larities and evolutionary history with non-Africans than with other Africans. For example, 
when Kalinowski (2011) examined the genetic data collected by Rosenberg et al. (2005), he 
found that some African populations (the Kenyan Bantu, Mandenka, and Yoruba) share 
more genetic variants with Europeans than with other African populations, such as the San 
or Mbuti.

Similarly, when we look at the distribution of mitochondrial DNA (mtDNA) lineages 
throughout the world, we see that the oldest and most divergent lineages, named L0-L6, are 
all found in Africa, whereas the only lineage found outside of Africa (until very recently) is 
L3—the most recently evolved of the L lineages (Underhill and Kivisild 2007). Thus, both 
Africans and non-Africans belong to the L3 lineage (or clade), so their mtDNAs are more 
similar and they share more recent common ancestry (and more evolutionary history) with 
one another than with non-L3 Africans. In other words, the L3 clade (or, in Shiao et al.’s 
term, “genetic watershed”) contains some but not all Africans, just as the other L clades 
(“genetic watersheds”) contain some but not all Africans. Because, at least in the United 
States, we generally lump all African and African Diaspora peoples into the same racial 
group, racial categories are not clades, clinal classes, or genetic watersheds.

Thus, while racial/ethnic categorization may partly reflect social perceptions of biologi-
cal ancestry, as Shiao et al. (2012) suggest, it is critical to note that these perceptions do not 
reflect actual patterns of biological ancestry and relatedness. Instead, racial and ethnic cat-
egories provide poor representations of ancestry and relatedness. African Americans, for 
example, are extremely variable in how much West African ancestry they have (1 percent to 
100 percent, as estimated genetically by Bryc et al. [2010]), and some black Americans actu-
ally share more biological ancestry with white Americans than with other black Americans 
(Bryc et al. 2010). Social rules like the “one-drop” rule, not biological ancestry, play the 
primary role in structuring racial membership (Washington 2011).

Finally, it is important to note that contrary to what Shiao et al. (2012) claim, most people 
do not actually “‘know,’ that is, self-identify with, their genetic ancestry, whether their 
ancestors lived in sub-Saharan Africa, western Eurasia, the Pacific Islands, eastern Eurasia, 
or the Americas 50,000 to 2,000 years ago” (Shiao et al. 2012:79). Humans have moved 
around a lot over the past 50,000 years. The ancestors of Native Americans lived in Africa 
or Eurasia before about 20,000 years ago (O’Rourke and Raff 2010), but Native Americans 
do not identify as African or Eurasian. Furthermore, as the recent publication of a 24,000-year-
old Siberian genome sequence shows (Raghavan et al. 2014), the current distribution of 
genetic lineages does not provide an accurate or complete record of where those lineages 
were found thousands of years ago. Genetic variants that we characterize as “European” 
today clearly had a different or wider geographic distribution in the past (Raghavan et al. 
2014), suggesting that we do not actually know where our ancestors lived 50,000 years ago 
or where genetic lineages were found then.

SHIAO ET Al.’S pRESENTATION OF FICTITIOUS DATA

In addition to the criticisms discussed previously, we also want to raise a concern about 
Shiao et al.’s (2012) graph on page 71 of their paper. The authors have reprinted a graph 
from philosopher Neven Sesardic’s (2010) article. Sesardic constructed these points on the 
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plot to emphasize his prediction that one could in theory cleanly separate groups if one ana-
lyzes correlations between many genetic markers. Sesardic used these fictitious points on 
the graph to argue that races can be considered biological categories. We emphasize that this 
graph represents an idealized case and is not based on any real data. Sesardic does not define 
the axes of the plot, and Shiao et al. do not make it clear that this is a fictitious example. This 
is important to point out because real data may not look like this, as we discuss in the follow-
ing section.

We also note that it is not possible to divide this scatterplot of points into the two clusters 
using only the genetic information represented by the points. In his idealized example, 
Sesardic (2010) had to first designate the squares as different from the triangles. That is, a 
priori information was required to differentiate the points. This initial differentiation of the 
points lies outside of and prior to any assessment based on the data presented in this plot. 
One must have an independent criterion for designating squares as squares and triangles as 
triangles in the first place. Without such a criterion, all points would have been drawn using 
the same symbol, and no divisions would have been evident. As Bolnick (2008) and others 
have shown, while subtle discontinuities can be detected in some clines, the exact placement 
and interpretation of dividing lines in clinal data is arbitrary or influenced by external pre-
conceived ideas about the boundaries between groups. Furthermore, putting the dividing 
line between the squares and triangles, as Sesardic did, is not necessarily more biologically 
meaningful that putting it elsewhere, at least not based just on the information contained in 
the points presented in the graph. Making a division between the points represented by 
squares and the points represented by triangles is only meaningful and useful if we have a 
third variable defining squares and triangles as different; that is, only if we have a priori 
information that squares and triangles are distinct. One cannot define clusters based just on 
the presented data points alone.

The graph is also misleading about the kind of information such genetic analyses can 
provide. Their graph implies that the clusters that are discerned in such plots are unequivocal 
and uncontroversially defined, whereas in practice there are always debates and negotiations 
among geneticists about how to cluster, whom to include, and whom to exclude (Fujimura 
and Rajagopalan 2011). Shiao et al. (2012:79) argue that “genetic clusters” and “clinal 
classes” provide a precise “measurement of ancestry” because they are not socially con-
structed. In fact, though, these “genetic clusters” are just as socially constructed.

THE lEWONTIN AppROACH: pROpORTION OF VARIATION

Another issue we wish to discuss is Shiao et al.’s (2012) attempt to discredit population 
geneticist Richard Lewontin’s (1972) findings, which have been used by social scientists 
and biologists to argue against human races as biological categories. Lewontin found that for 
the ethnic groups he studied, 85 percent of the total genetic variation was due to individual 
differences within populations and only 15 percent to differences between populations. In 
his 2008 paper with human geneticist Marcus Feldman, Lewontin reconfirmed his earlier 
finding, citing the papers by Rosenberg et al. (2002, 2005) that used microsatellite DNA 
markers to show the same general patterns.

At first, Shiao et al. (2012:69) appear to agree with Lewontin’s findings. However, later 
in the article (p. 70), they present A. W. F. Edwards’s (2003) assertion that Lewontin’s con-
clusion is a “fallacy” because he relied on the “average degree of variation of individual 
genes instead of also considering their correlations” (Shiao et al. 2012). Shiao et al. claim 
that new approaches examining multiple markers and their correlations show that one can 
classify individuals into groups that mirror race categories. They base their claim on 
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Rosenberg et al.’s (2005) article showing that one can develop clusters based on associations 
between genetic markers of individuals and geographic regions of origin.

However, Lewontin’s finding is not a fallacy, because Shiao et al. (2012) and Lewontin 
are discussing entirely different questions. Feldman and Lewontin (2008) agree with 
Rosenberg et al.’s (2002, 2005) findings using multiple genetic markers and their correla-
tions to identify groups that correspond to geographic region of origin. The production of 
clusters is distinct from questions about what proportion of genetic variation is found within 
or between groups. First, we stress that most of these markers are not in protein encoding 
genes, so it is unclear whether they are important for any phenotypic outcomes. Second, the 
geographic patterns that Rosenberg et al. identified stem from small differences in the fre-
quencies of many genetic markers. That is, many genetic markers are present in all of the 
major geographic clusters that Rosenberg et al. (2002, 2005) constructed using Structure, 
but the frequencies of those markers vary, with some being more common in some popula-
tions than others. “There does not exist any gene for which one major geographical cluster 
includes 100 percent of one genotype while another major geographical cluster has 100 
percent of another genotype” (Feldman and Lewontin 2008:93).

The key point here is that Lewontin argues that the geographic clustering approach is not 
appropriate for answering the question of whether group differences are meaningful for 
anything other than geographic ancestries. He considers this approach to be a taxonomy that 
can be used with some success to hypothesize associations between individuals and regions 
of geographic origin. For Lewontin, if one wants to measure the meaningfulness of differ-
ences between groups with different geographic ancestries, one needs to use a “proportion 
of variation” approach. This approach compares genetic variation among individuals within 
groups to the genetic variation between these groups. Ironically, Edwards’s (2003:799) 
reported findings confirm Lewontin’s (1972) findings: Edwards’s results on within (84 per-
cent) and between (16 percent) genetic variation are almost identical to those of Lewontin’s 
(1972) results (85 percent within, 15 percent between populations).

WHAT DO DIFFERENCES BETWEEN GENETIC ClUSTERS MEAN?

Shiao et al. (2012) confuse the ability to construct genetic clusters with the importance or 
meaning of those clusters (i.e., their ability to explain traits of interest or to represent major 
or biologically significant patterns). PCA methods identify markers that seem to differ 
among the individuals included in the analysis. Some researchers cited by Shiao et al. (e.g., 
Risch et al. 2002) highlight these differences and bring them to the fore. But what makes 
these points in the DNA any more important than the hundreds of thousands of others in 
human genomes? Shiao et al. believe they can see race or ethnic groups mirrored in the clus-
ters produced by small allele frequency difference patterns aggregated over many loci. But 
these small allele frequency differences have not been found to be associated with features 
that are coded as racial or ethnic.

Is there a relationship between genetic clusters, the genetic markers used by some 
researchers to differentiate these clusters, and phenotypic features like skin color? Shiao et 
al. (2012) leave unaddressed the question of how the studied genetic markers are related to 
the phenotypic features we code as race. They imply a relationship as if it is common sense 
and clear-cut. But, in fact, biology is much more complicated. For example, pigmentation 
phenotypes are complex, and there is no single, simple “gene for skin color” or other body 
pigmentation. Geneticists have so far identified dozens of genes that, along with environ-
mental stimuli, contribute to pigmentation (Sturm and Duffy 2012). However, there are 
likely to be hundreds of genes and environmental stimuli that influence skin color or any 
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racially coded phenotype. The relationship between genotype and phenotype is multifac-
eted, and phenotype is a product of many interactions over time and place, of biology, of 
DNA and other molecules that regulate gene expression, of geography and environment, of 
histories of people mixing in complicated ways. Assessing the DNA alone is too simplistic 
an approach to find the complex web of factors that together produce many of our physical 
characteristics.

Thus, the proposed “clinal class” concept does not take into account the complexity of 
biology. It does not capture and convey the heterogeneous webs of relationships in which 
DNA sequence is mediated by biological, environmental, and social factors and that DNA 
sequence on its own plays just one part in producing the final phenotypes we see, particu-
larly for most complex traits including those coded as “racial.” Biologists are still trying to 
understand the various mechanisms that help to control how and when DNA is expressed 
(Fujimura 2005; Krieger 2012; Oyama 2000).

CONClUSION

In a latter day version of eighteenth-century attempts to biologically classify humans into 
racial categories, Shiao et al. (2012) use their interpretation of twenty-first–century genetic 
research to make claims about the existence of “clinal classes” that mirror racial categories 
as commonly understood in the United States. Their claim is in direct contrast to social sci-
entific and historical studies that show that U.S. race categories have changed over time and 
place and in deep dialogue with political, cultural, and institutional movements. Their claim 
also does not accord with the genetic data they cite.

The most troubling of Shiao et al.’s (2012:83) assertions is their claim that “recent genet-
ics research has identified a biological basis for race and ethnicity” and that clusters of 
human genetic variation, which they call “clinal classes,” are “homologous to [U.S.] racial 
and ethnic classifications.” Both of these claims are unfounded. Our article demonstrates 
that commonly used U.S. racial and ethnic categories do not represent what they call clinal 
classes and are not equivalent to them. Nor are the clusters identified by Structure or PCA 
homologous to racial or ethnic categories.

Shiao et al.’s (2012) “clinal classes,” like earlier claims that race categories are delineated 
by biology or genetics, fail to accurately represent the patterns of human genetic variation or 
the makeup of human racial groups. This is in part because they misinterpret the Structure 
and PCA studies on which they rely. Because of the cumulative effects of evolutionary 
forces, clinal variation is the predominant characteristic of human biological variation, and 
the small discontinuities in DNA marker frequencies that some studies have reported do not 
represent major biological differences between groups of people.

While racial/ethnic categorization may partly reflect social perceptions of biological 
ancestry, as Shiao et al. (2012) suggest, it is critical to remember that these perceptions do not 
reflect actual patterns of biological ancestry and relatedness. Even if we ignore the fact that 
people change their self-designated racial labels by situations, the members of each racial and 
ethnic group are quite biologically diverse, and not all members of a racial/ethnic group share 
a common evolutionary history or extensive genetic similarities. Because social rules, not 
biological ancestry, have played the primary role in structuring racial membership in the 
United States, racial and ethnic categories provide poor representations of ancestry and relat-
edness. In analyses of genetic variation, many individuals who self-identify as a particular 
race do not fit within the simplistic representation of geographical areas that Shiao et al. draw.

Our article primarily addressed Shiao et al.’s (2012) claim that group genetic differences 
mirror racial groups because all of their other arguments rest on the existence of this 
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relationship. But it is also critical to point out that while one may be able to construct or 
identify clusters using various technologies, those clusters do not say anything meaningful 
about the biology of the groups. Shiao et al. confuse the ability to construct difference with 
its importance or meaning, that is, its ability to explain traits of interest or to represent major 
or biologically significant patterns. The ability to construct clusters is not significant in the 
context of the traits and behaviors of interest to sociologists. There is no evidence that the 
studied markers or observed clusters have any bearing on these traits or behaviors.

Unfortunately, Shiao et al. (2012) argue exactly the opposite: They suggest that “group 
biological differences” have meaning for the conduct of future sociological research on 
behavior. They hope to inspire others to conduct research relating genetic frequency differ-
ences by clinal class or race to social behaviors because they think there may be inherited 
differences in these behaviors that assort by race and have a genetic basis.

But sociologists and social epidemiologists have documented for decades that intergen-
erational effects in human behaviors have primarily been due to environmental and socio-
economic factors that are experienced in childhood, adolescence, and adulthood (reviewed 
in Adler and Rehkopf 2008; Brulle and Pellow 2006; Kahn, Wilson, and Wise 2005; Power, 
Kuh, and Morton 2013; Walsemann, Geronimus, and Gee 2008; Willson, Shuey, and Elder 
2007). These explanations incorporate experiences of bias, prejudice, and discrimination 
that individuals experience based on their socially perceived race, and they account for most 
observed behavioral variation. In contrast, existing genetic research suggests that it will be 
exceedingly difficult to identify any specific genetic factors that have a large effect on 
behavioral traits (Beckwith and Morris-Singer 2012; Chaufan and Joseph 2013; Joseph 
2011; Turkheimer 2011).

Shiao et al.’s (2012) arguments suggest—with no robust evidence to back up the claim—
that physical traits like skin, hair, and eye color may correlate with abilities, talents, behav-
iors, and political leanings. They also speculate that these unsubstantiated correlations have 
a genetic basis, although Shiao et al. (p. 77) themselves acknowledge the lack of evidence 
supporting the view that clinal classes/race groups differ in their individual outcomes 
because of inherited genetic differences, including outcomes of interest to social scientists. 
What, then, is the use of clinal classes? Even the sociological research inquiries into race or 
ethnicity that Shiao et al. propose in the second half of their paper neither require nor would 
benefit from genetic or biological explanations of race. In our view, Shiao et al.’s misunder-
standings of genetics ultimately pose an obstacle to studying how discrimination, racism, 
prejudice, and bias produce and reinforce socioeconomic inequalities and other disadvan-
tages for racially marked individuals in society.

For decades, social scientists have been studying perceptions of racial and ethnic physical 
features (e.g., skin color) and their effects on attitudes of racism, prejudice, and discrimina-
tion. That these features may have some biological inputs is completely tangential to the 
more pressing questions of why these particular features continue to be mobilized as salient 
dividers in American politics and culture.

We close with a question and argument about the role of science in adjudicating questions 
like “is there a biological basis for social categories of race.” Some sociologists have argued 
that sociologists can and should study the social construction of race and not attend to claims 
about the role of biology or genetics in that constitution. We fully support the first part of this 
statement, but we disagree with the second part. The publication of Shiao et al.’s (2012) 
article is testament to the fact that genetic research is being used by sociologists to argue for 
the role of genetics in the constitution of race categories and the role of genetics in shaping 
social behavior. Given this re-introduction of genetic arguments for differences in behaviors 
by race, sociologists cannot ignore genetic arguments about racial differences. To address 
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those arguments, sociologists need to learn to evaluate claims based on genetic data, and it 
is critical that social scientists and geneticists work together to counter misinformed claims 
about genetic racial categories and misinformed claims about the role of racialized genetics 
in explaining human behaviors.
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NOTES
 1. Relatedly, Pamela Sankar (2008) called for social scientists to study the social construction of race in 

contemporary statistical genetics research, which is more nuanced than typological race discussions 
of previous centuries. Some of us have written on this topic (Bolnick 2008; Fujimura and Rajagopalan 
2011; Ossorio and Duster 2005), and our analyses differ markedly from Shiao et al. (2012), who inter-
pret the findings of these new algorithmic technologies in genetics as largely substantiating eighteenth-
century race concepts.

 2. See Fujimura, Duster, and Rajagopalan (2008) for more discussion of these issues. See also Morning 
(this issue).

 3. To expand, “a gradual change in a character or feature across the distributional range of a species 
or population, usually correlated with an environmental or geographic transition” (The American 
Heritage Dictionary 2014).

 4. Statistical or population geneticists construct genetic clusters by analyzing different types of genetic 
variants, including single nucleotide polymorphisms (SNPs), microsatellites, and copy number vari-
ants (CNVs). Many of these variants are located in noncoding regions of the genome, although some 
are found in gene regions.

 5. We note the “60 to 150 randomly selected loci” to which Shiao et al. (2012) refer are not randomly 
selected. Human geneticists select the loci that most separate individuals. In fact, if human geneti-
cists used 60 to 150 randomly selected loci, they would most likely find no consistent differences 
whatsoever.

 6. Researchers have also used a variety of statistical methods to compare the likelihood scores for differ-
ent values of K, including Wilcoxon two-sample tests (Rosenberg et al. 2001) and Evanno, Regnaut, 
and Goudet’s (2005) ad hoc statistic, ∆K, or the second order rate of change of the likelihood function 
with respect to K.

 7. It should also be noted that principal components analysis (PCA) of the same data showed gradations 
of change from one geographic region to the next, with some members of one geographic region or 
continent being more genetically similar to members of a different region/continent than to some mem-
bers of their own region/continent (Jakobsson et al. 2008).

 8. We note that the Structure-based studies described earlier in this section (Jakobsson et al. 2008; 
Rosenberg et al. 2002; Rosenberg et al. 2005) did not take the approach that Shiao et al. criticized.

 9. PCA tools do not require unlinked loci, as does Structure. Genetic positions along the chromosomes 
(“loci”) are considered “linked” if they are close enough on the chromosome to not be shuffled during 
the production of gametes (eggs and sperm); linked loci are inherited together, such that the sequence 
at one locus is not independent of sequences at other linked loci.

10. In the case of Eigenstrat PCA technologies, the genomic data often consists of SNPs, thus we call 
the clusters “SNP clusters.” The human genome is constituted of approximately 3 billion DNA 
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subunits called nucleotides. Humans have identical nucleotide sequences along most of their genomes. 
However, researchers estimate that human genomes differ at about 1 in every 1,000 nucleotides. These 
sites where differences have been identified are called SNPs or single nucleotide polymorphisms. The 
Eigenstrat technology uses the variation in SNPs to define clusters. SNPs occur less frequently in 
regions that code for genes and more often in the regions of the genome that do not code for genes.
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