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There has been growing interest in the use of genetic models to expand the under-
standing of political preferences, attitudes, and behaviors. Researchers in the social
sciences have begun incorporating these models and have revealed that genetic differ-
ences account for individual differences in political beliefs, behaviors, and responses
to the political environment. The first Integrating Genetics and the Social Sciences
Conference, held at Boulder, Colorado in May of 2010, brought together these
researchers. As a result, we jointly review the last 5 years of research in this area.
In doing so, we explicate the methods, findings, and limitations of behavior genetic
approaches, including twin designs, association studies, and genome-wide analyses, in
their application toward exploring political preferences.

There has been growing interest in the social sciences regarding the possibility that genetic
factors contribute to individual differences in political and social behaviors (Fowler and
Schreiber 2008). The position that the study of individual differences must include both
genetic and environmental factors has long been echoed in the life sciences (e.g., Bouchard
and McGue 2003; Eaves and Eysenck 1974; Eaves, Eysenck, and Martin 1989; Eaves and
Carbonneau 1998; Eaves et al. 1999; Martin et al. 1986; Martin 1987; Olson, Vernon,
Harris, and Jang 2001; Posner, Baker, Heath, and Martin 1996; Truett, Eaves, Meyer,
Heath, and Martin 1992). However, until quite recently, this literature was largely ignored
in the social sciences. Fortunately, both science and society have progressed, and genetic
approaches have become an integral part of clinical, developmental, medical, psycholog-
ical, and now political research. The results from the foundational pieces that identified
genetic inherence on social attitudes more than 25 years ago (Eaves and Eysenck 1974;
Eaves et al. 1989; Martin et al. 1986) were further developed and disseminated to the politi-
cal science community by Alford, Funk, and Hibbing in 2005. Their article in the American
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68 P. K. Hatemi et al.

Political Science Review was widely acknowledged in both the mainstream media (Carey
2005) and academic literature (Sigelman 2006) and in large part launched a new era of
genetic exploration for the social sciences.

Traditional social science models largely adhere to the assumption that human behav-
ior and social attitudes are almost entirely the product of environmental influences.
Accordingly, the focus is on identifying causal relationships wherein investigators do not
consider the possibility that both the dependent and independent variables may have heri-
table or genetic components. Indeed, even though it is common to use biological indicators
such as gender as predictors, the effects are interpreted as environmental or socialized. The
assumption, made both explicitly and implied through statistical models, is that all people
start with the same inherent disposition. Behavioral genetic (BG) analyses, conversely, are
concerned with accounting for variation within a population and assume that dependent and
independent variables may be a function of both genes and environment. BG approaches
largely focus on why individuals differ from one another. Rather than prediction, the focus
is on understanding the sources of individual variability and the inherent assumption that
people have different dispositions.

The last decade of scholarship in the political sciences has begun to integrate these
two approaches into more unified exploration of political behavior. Rather than treating
“social” and “genetic” theories as competing models, the goal is to treat them as com-
plementary approaches and to include elements of genes and environment into a unified
theoretical approach that more precisely identifies the behavioral precursors and enable a
richer understanding of how distinct behaviors are related to each other.

Here we review the empirical evidence from the last 5 years of remarkable growth
in this research area. The theoretical framework for evaluating the roles of biological and
social inheritance in the transmission of human behavior, however, is largely unknown to
the social sciences and remains disconnected from the integral theories of political behavior
that currently exist. Herein, we review the extant literature through the lens of the two
distinct, but overlapping, behavioral genetic techniques used to explore genetic sources
of individual differences on political preferences: twin and kinship models and molecular
genetic analyses. Twin and kinship designs allow for population estimates of the amount
of variation due to genetic and environmental factors, and molecular genetic approaches
identify specific genetic variants related to the trait of interest. Our approach in this review
is somewhat didactic; we first explicate the methods used and how these methods inform
the study of behavior generally, followed by a review the studies using these methods with
regard to political preferences, including how such findings have impacted the field of
study. In doing so, we introduce social scientists to a significant and long-standing body of
behavior genetic theory and methods, with the goal to more readily allow non-geneticists
to incorporate this approach into their own work. For the sake of clarity, we restrict our
review to the topics of greatest discussion in the political sciences: attitudes, ideology,
partisanship, vote choice, and political participation. However, we recognize that a growing
number of political scientists have become more engaged in genetic approaches and have
begun to also conduct research in comparative politics, international relations, security
studies, trust, public policy, and theory (Boardman et al. 2010; Hatemi 2010a; McDermott
et al. 2009; Sturgis et al. 2010).

Twin and Kinship Models: Partitioning Genetic and Environmental Variance

Political scientists who first began to explore genetic sources of influences (e.g., Alford
et al. 2005; Fowler, Baker, and Dawes 2008; Hatemi, Medland, Morley, Heath, and Martin
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Integrating Social Science and Genetics 69

2007) initially followed the paths of their behavior genetic predecessors, Martin et al.
(1986) and Eaves et al. (1989), who used large data sets of twins to decompose the popula-
tion variance of political attitudes into estimates of genetic and environmental influences.
The classic twin design, rooted in biometrical theory, relies on the knowledge that monozy-
gotic twins are genetically identical (originate from a single fertilized ovum that splits into
two fetuses very early in the gestation period), whereas dizygotic twins develop from two
different eggs fertilized by different sperm (they are as genetically similar as non-twin
siblings). Using these two types of twin pairs raised by the same parents in the same envi-
ronment at the same time provides a natural experiment that allows for comparison of the
two groups. That is, comparing the co-twin correlations for a given trait between a popula-
tion of twin pairs who are genetically identical but have the same familial environment to
the co-twin correlations of a population of non-identical twin pairs who share on average
50 per cent of their differentiating DNA and who also have the same family environment
allows researchers to partition what part of the variance in a given trait is accounted for by
genetic and environmental factors (see Neale and Cardon 1992). Thus, variance is typically
decomposed into estimates of what portion of individual differences within a population
are accounted for by additive genetic (A), common (C), and unique environmental (E)
influences. “Additive genetic” is the latent additive effect of all genes (inherited traits).
“Common environment” captures the latent influences that are shared by family members,
such as familial socialization. “Unique environment” refers to influences from all idiosyn-
cratic environmental stimuli that are unique to the individual (i.e., personal experience).
The method is operationalized through differential equation methods (see Holzinger 1929;
Falconer 1960), most often used in a structural model within a maximum likelihood (ML)
framework (Posthuma et al. 2003) or Bayesian techniques (Fowler et al. 2008). Figure 1
presents the path diagram for a univariate ACE model (for a review of the CTD path model
and equations and multivariate extensions see Medland and Hatemi 2009).

The classic univariate twin design and extensions that include parents, non-twin sib-
lings, spouses, and other biological or adoptive relatives have been used to explore the
source of individual differences for a wide variety of politically relevant traits, such as
ideology, political attitudes, partisan attachment, and voter turnout (see Appendix for a
summary of the published ACE findings on political traits). Across a large number of

Figure 1. Univariate twin design.
Notes: The variance for an MZ twin is calculated as (a∗1∗a) 1 (c∗1∗c) 1 (e∗1∗e) = a2 + c2 + e2, for
DZ twins replace the A (genetic) path to 0.5 instead of 1.
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70 P. K. Hatemi et al.

studies from different political cultures, the general liberalism-conservatism dimensions
and most individual attitudes were accounted for by a function of genetic inheritance (rang-
ing between 0.2 and 0.6) and unique environmental influence (0.4 and 0.8; Alford et al.
2005; Hatemi et al. 2010). In terms of political behaviors, political participation is best
accounted for by a function of genes, common environmental, and unique environmen-
tal influence (Fowler et al. 2008). However, for party identification, no genetic influence
was found (Hatemi et al. 2009a), rather, the vast majority of variation was function of
familial influence, a finding consistent with most theories of partisan affiliation (Campbell,
Converse, Miller, and Stokes 1960) and a similar pattern to that of religious affiliation
(Eaves and Hatemi 2008). Extension of the classical twin design has also been used to
explore whether genetic and environmental influences differed by gender regarding polit-
ical attitudes (Hatemi, Medland, and Eaves 2009). For most traits, no gender differences
were present, with the exception of attitudes related to procreation (e.g., divorce and living
together), where it was likely a different set of genes were influencing female versus male
attitudes, a finding consistent with theories of developmental (evolutionary) differences
between the genders.

The results from these univariate ACE kinship studies have fundamentally altered the
ways social scientists approach the study of attitudes and present serious challenges to the
existing literature. For example, the political affiliations and attitudes of parents and off-
spring and spouses are highly correlated (Niemi and Jennings 1991). This concordance
has long been assumed to be evidence of familial socialization (Campbell et al. 1960;
Jennings, Stoker, and Bowers 2009). In large part, this assumption remained untested due
to the lack of any other plausible explanation. Certainly, the suggestion that ideological or
attitudinal transmission might be other than social was rarely, if ever, considered. In this
way, twin models have provided the necessary empirical venue for testing such assump-
tions. With regard to party affiliation, the extant literature appeared to be largely correct.
Hatemi et al. (2009a) found no genetic influence for party identification, and some 80 per
cent of individual variation was a function of familial influence. However, for attitudinal
transmission, the assumption that the familial correlation was due to mutual socialization
was not supported. Instead, regarding attitudes, it appears that children resemble their par-
ents because of their genetic relatedness and not their social upbringing. In this way, whom
individuals choose to procreate with (assortative mating) is much more important for attitu-
dinal transmission than how they raise their children. Indeed, attitudinal similarity between
spouses is due more to assortation than convergence (Alford, Hatemi, Hibbing, Martin, and
Eaves 2011). Such findings have turned the political socialization literature on its head and
have inspired a renewed interest in the area to reconcile these findings with the previous
literature.

Univariate variance decomposition provides an initial partition of individual differ-
ence into a function of genetic, familial, or unique environmental influences. Knowing that
attitudes, for example, are to a greater or lesser degree influenced by genes, familial envi-
ronment or idiosyncratic personal experiences allows researchers to target their focus on
the specific sources of variability on which the “social” process is working. However, vari-
ance decompositions of a single trait only represent the culmination of the total variance
of all possible covariates on the trait. For example, Hatemi et al. (2007) provided evidence
that 0.28 of the phenotypic variation in vote choice can be attributed to genetic variation.
Taken alone, it would appear that even for a trait so vastly context-dependent and influ-
enced by salient environmental conditions as voting, individual differences appear to be
genetically influenced. However, when modeling attitudes, education, and other covariates
in a multivariate analysis that simultaneously estimates the proportion of genetic, common
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Integrating Social Science and Genetics 71

and unique environmental variance of multiple variables (Cholesky decomposition), it was
found that all of the genetic variance on voting was accounted for by the genetic variance
on attitudes about social welfare.

These types of multivariate models have become increasingly important in understand-
ing the level at which relationships between traits exist and for attempting to identify causal
pathways. For example, a great deal of literature considers personality to have a causal role
in attitudinal formation (Jost, Glaser, Kruglanski, and Sulloway 2003). Such research was
based on the assumption that personality was a deep-seated disposition and attitudes were
more malleable. However, recent multivariate genetic models have shown that the vast bulk
of covariance between personality and political attitudes is due to shared genetic influence
(Verhulst, Hatemi, and Martin 2010). This finding allows for an alternative to the gen-
eral theoretical assumption regarding the nature of the relationship between personality
and attitudes; that is, that the relationship between personality and attitudes may not be
causal but rather may derive from a common underlying latent genetic trait. The potential
for relationships to be due to common underlying latent genetic variability is profoundly
different from traditional explorations of causality and represents a fundamentally differ-
ent approach to studying behavior, particularly when identifying the relationship between
disposition traits (e.g., gender, personality, attitudes, cognition). In this way, variance
decomposition models have begun to provide a platform to consider alternative pathways
to explain the relationships between traits. The next step includes designs that explic-
itly model causation, accounting for genetic and environmental pathways, to differentiate
between these competing theoretical assumptions.

Gene-Environment Interactions

Partitioning the independent effects of genes and the environment is only a first step in
explicating the nature of a trait of interest. Virtually every socially relevant behavior is
a complex function of both genetic and environmental influences. Thus, it is necessary
to incorporate a method whereby genetic and environmental factors interact to moder-
ate the behaviors individuals engage in. Broadly speaking, a gene-environment interaction
occurs when genetic factors control the sensitivity to the environment (Kendler and Eaves
1986). Thus, the influence of an environmental factor on a behavior is conditioned by a per-
son’s genotype, or conversely, the genotype’s effect is moderated by some environmental
exposure.

Within a variance decomposition framework that focuses on the latent genetic effects
at a population level, a “broad heritability-environment interaction” method (see Purcell
2002) can be used to explain how specific environmental influences alter the contributions
of the genetic and environmental variation to a behavior within a population. This gene-
environment (GxE) interaction model is a simple modification to the twin design earlier.
Rather than modeling attitudes using the linear equation displayed in Figure 1, where the
variance (V) of trait (t) is a function of genes (A2) and environment (C2 + E2 ), a GxE twin
model expresses the variance associated with each of the three components (ACE) as a
linear interaction with the specific environment measured

(Vt = (A + βa∗Event)2 + (C + βc∗Event)2 + (E + βe∗Event)2).

In this equation, the ßs are parameter estimates that moderate the impact of the
variance components across different levels of exposure to exogenous events. Using this
alteration of the twin model, genetic effects can be partitioned into a baseline or average
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72 P. K. Hatemi et al.

influences independent of the environment measured (analogous to an intercept in linear
regression), and the marginal effect of the specific environmental event (i.e., slope).

Regarding political traits, so far only one exploration of this type of variance decompo-
sition GxE has been presented in conference symposia, and none has been published in the
literature. Hatemi (2010b) explored how life events moderate the genetic and environmen-
tal variance attributed to political attitudes (gene-environment interaction) and instances
whereby an individual’s genes lead them to select into certain environments that corre-
late with their attitudes (gene-environment covariance). Specifically, the genetic variance
reported for certain economic attitudes, such as support for federal housing, was moderated
by life events, such as losing one’s job (Figure 2).

The findings from these types of models offer the potential for addressing long-
standing questions in the social sciences regarding theories of self-interested rational action
(Riker and Ordeshook 1968). Indeed, with regard to attitudes toward federal housing, self-
interested rational action appears to offer a model theory. On the whole, individuals may
be against federal housing but, once losing their job or home, opinions change to support
federal assistance and, for the population, the genetic influence that accounts for attitudi-
nal differences dissipates. Accordingly, whether individuals face economic hardship alters
the influence of their genes on their attitudes toward federal housing. This pattern did not
hold with regard to immigration attitudes: Genetic and environmental influences on opin-
ions toward immigration were not moderated by an individual’s employment status, even
though immigration attitudes are equally malleable at the phenotypic level. It is important
to note that these results offer only a novel first step and leave much to be explained. Why
environmental factors moderate the impact of genes on some economic attitudes and not
others and what this moderation means for the development of attitudinal theory remains
an important question for future research to address.

It is important to note that the interplay of genes with the environment is incredibly
complex, and a fundamental puzzle to disentangle is the origin of environmental exposure
itself. So far, only a few of the models have been developed that explore this question. If
genes motivate people to seek out certain environments or social situations and those envi-
ronments influence political attitudes, the environments measured are no longer entirely
exogenous, and it becomes difficult to quantify the genetic effect on a behavior or atti-
tude separately from its environmental effect (see Moffitt, Caspi, and Rutter 2005; Purcell
2002). For example, Jockin, McGue, and Lykken (1996) found that people “select into”
getting a divorce, in part based on their genetic disposition. In this way, the event of getting

No Job 

Job Loss

Genetic Common Env. Unique Env. 

1

0.8

0.6

0.4

0.2

0

Figure 2. Change in heritability estimates of attitudes on federal housing as a function of losing
your job. (color figure available online)
Note: Figure derived from Hatemi, 2010b.
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Integrating Social Science and Genetics 73

a divorce could not be considered truly exogenous, and any gene-environment interaction
with the event of getting divorced would be confounded. Undoubtedly, getting a divorce
would be expected to affect attitudes about interpersonal relationship, procreation, and
other politically relevant attitudes.

Limitations of Variance Decomposition

Twin modeling, as are all statistical techniques, is based on a series of assumptions, both
theoretical and empirical (for a thorough review of limitations, see Medland and Hatemi
2009). The two assumptions of greatest concern are (1) whether monozygotic (MZ) and
dizygotic (DZ) cotwin pairs are influenced to the same degree by their family environ-
ments and (2) whether parents are assortatively mating on the trait of interest. If twin
environments with regard to the trait of interest are systematically dissimilar depending on
twin type (MZ or DZ), the statistical assumption that the common (family) environment
can be equated across twin types is violated, and the model will overestimate genetic influ-
ences. Alternatively, if parents select each other based on the trait of interest and the trait is
genetically influenced, parents are more genetically similar on that trait; thus, DZ genetic
similarity will be on average greater than the 0.5 assumed in the model, and results from
twin models will then underestimate genetic influences.

Regarding political attitudes, all evidence points toward accepting the first critical
assumption. That is, the familial environment equally influences political attitudes regard-
less of whether an individual is an identical (MZ) or fraternal (DZ) twin. In a direct test
of equal environments using a longitudinal sample of children assessed for political atti-
tudes every 2 years from ages 8 to 18 (the most critical periods of childhood socialization),
Hatemi et al. (2009b) found that no dissimilarity in environmental influence existed by
zygosity type for political attitudes. Furthermore, extended twin models, which included
the nuclear family, estimated twin and sibling environments separately and controlled for
assortative mating (Eaves and Hatemi 2008; Hatemi et al. 2010), found little evidence of a
special twin environment regarding attitudes.

By contrast, the second assumption of random mating for political attitudes is routinely
violated. Spouses are remarkably similar on political values and correlate for ideology at
around 0.67 and for most attitudes between 0.4 and 0.6. This similarity in attitudes exists
prior to marriage (Alford et al. 2011). As such, it appears twin models that do not account
for assortative mating may actually be underestimating genetic influences. It is critical to
note that only attitudes and ideology have been tested in this manner, and future tests for
other political traits and behaviors are needed with regard to assortative mating and equal
environments.

Several other statistical aspects of twin models also influence the estimation of the
various models used in BG. First, twin studies are rarely, if ever, random samples. Thus, to
generalize findings, replication is required. Additionally, sample sizes in twin and kinship
models are often a concern, in some ways more so than in traditional social science studies.
Most notably, the classic twin design treats the twin pair (or family) as the unit of analysis.
Twin samples of fewer than thousands of pairs often lack the statistical power to reliably
disentangle genetic and environmental sources of variance. Yet, in many twin studies, sam-
ple sizes range in the hundreds (and sometimes fewer). This does not mean those samples
with only 500 twins are of no use but rather that the effect sizes must be correspondingly
large to find a result, therefore greatly inflating the chances of a type II error. Thus, results
from smaller sample sizes must be interpreted with caution and replicated because there is
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74 P. K. Hatemi et al.

great potential for sampling errors, and biases can be compounded in samples of related
individuals (Neale, Eaves, and Kendler 1994).

Possibly the greatest limitation to twin models is ensuring their accurate interpretation.
First, a heritability estimate does not mean that a trait “is” genetic. Rather, a 0.45 additive
genetic estimate of abortion attitudes means that 0.45 of the variance of that trait within the
population is accounted for by latent genetic influences. Second, estimates from twin mod-
els are population- and time-specific. For example, the underlying latent genetic trait that
influences attitudes on the death penalty is what is being estimated, not genes for a specific
attitude on the death penalty. The meaning and content of the terms death penalty have
entirely different connotations in medieval Europe than they do in modern day America.
Third, genetic influences are not fixed. There is never “a” gene for “an” attitude or any other
complex trait for that matter. DNA may not change, but genetic expression is constantly
changing, and the genes influencing a trait depend on the context and the accumulation of
prior gene expression. One’s genetic expression is as dynamic as one’s life experiences,
and genetic influence is far from deterministic. Finally, the latent additive genetic, com-
mon environmental, and unique environmental variance can easily be misrepresented. In a
univariate model, additive genetic variance will include all the genetic influence from all
covariates, some part of gene-environment covariation if it exists, and some part of gene-
environment interaction, if it exists. Common environmental influence is also a latent trait
and captures the overall effect of the family and social environment on the population,
and is only a broad estimate. It can be further partitioned in numerous ways. Finally, the
unique environment includes all idiosyncratic experiences, including hormones and nutri-
tion introduced in the womb not shared with a co-twin, and measurement error. Thus, twin
models, just like any regression model or correlation matrix, form a statistical estimate that
simplifies reality into smaller, more digestible pieces that we can begin to explore, but are
far from a perfect representation of the intricacies of the real world.

Identifying the Specific Genetic Markers and Neurobiological Pathways

The variance decomposition and familial models noted earlier have provided important
leverage in identifying broad latent pathways of familial transmission and in highlight-
ing the general architecture of genetic and environmental sources of influence for political
traits. However, molecular DNA is required to identify the specific neurobiological sys-
tems that underlie the genetic variance from heritability estimates. This area is more recent
than twin and familial studies, and advances in technology, methodology, and data avail-
ability are being continually realized. So far, there are few genetic markers that have been
associated with any behavioral outcomes or complex traits that have withstood replication,
none of which involve politically relevant traits. Nevertheless, association studies are a
valuable step in identifying pathways from genes to complex political behaviors and pref-
erences. Regarding political traits, two basic approaches for identifying genes have been
undertaken. The first exploits a priori information that suggests a certain gene might be
expected to be associated with a specific trait. The second method scans the entire genome
for a genetic marker or region that is significantly related to the trait of interest. We detail
these methods next and summarize the research undertaken so far in political science.

Candidate Gene/Marker Studies

The goal of a candidate gene association study is to identify within a population whether
the incidence of a specific version of a gene, most often an allele, is more common than
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would be expected due to chance among individuals exhibiting a particular trait. Candidate
genes are typically selected on the basis of previous associations with behaviors that are
conceptually related to the trait of interest or because of theoretical expectations about how
an environment might affect a genetic predisposition for a trait. Similar to twin studies,
the moderating effect of environmental factors on genetic differences may also be studied
within the context of an association study.

There are two main research designs typically employed in candidate gene association
studies: case-control designs and family-based designs. Unlike variance decomposition,
both methods use techniques familiar to the social sciences. Case-control designs compare
the frequency of alleles or genotypes among subjects that exhibit a trait of interest (e.g., vot-
ing) to subjects who do not and test the null hypothesis of no association. This can be done
using a Pearson or Fisher test, analysis of variance, or regression. The second approach, a
family-based test, compares whether offspring who exhibit the trait of interest (e.g., vote)
receive an allele from their parents more often than would be expected by chance. This
second method reduces the probability of false-positive signals that may arise from what
is known as population stratification. Population stratification occurs when people have
different allele frequencies due to their genetic ancestry. The exhibited trait in these groups
may be the result of environmental forces, alleles other than the one of interest, or by some
unobserved factor. Once these groups mix in a larger population, simply comparing the
frequency of an allele among cases and controls would lead to a spurious association (for
a review of the statistical methods, see Balding 2006).

Research in this area is relatively new, and candidate gene studies have been limited
to identifying specific genetic variants that are associated with voter turnout and partisan
attachment. In both cases, the serotonergic and dopaminergic pathways have been impli-
cated. These pathways are known to influence a wide array of social behaviors, including
anxiety disorders and neuroticism (Lesch et al. 1996; Lesch and Mossmer 1998), novelty-
seeking behavior (Kluger, Siegfried, and Ebstein 2002; Savitz and Ramesar 2004; Schinka,
Letsch, and Crawford 2002), and attention disorders (D’Souza et al. 2004; McCracken
et al. 2000). The working hypothesis was that genes that regulate these neural systems are
likely related to these political traits as pro-social behaviors and attitudes underlie political
behaviors such as turnout and partisan attachment.

For example, the MAOA gene controls the production of the enzyme MAOA that
breaks down serotonin in the brain. A specific variant of the MAOA gene that is associ-
ated with suboptimal levels of serotonin in the brain has been shown to be related to social
stress and antisocial behavior. Because pro-social attitudes and behaviors have been shown
to positively influence the likelihood of voting (Edlin, Gelman, and Kaplan 2007; Fowler
2006; Jankowski 2007; Knack 1991), Fowler and Dawes (2008) tested whether MAOA
was related to self-reported voter turnout and found evidence of a significant association.
In addition, a variant of the ANKK1 gene, part of the dopamine pathway, has been found
to be associated with the formation of social attachments and generalized feelings of social
alienation. However, the precise biological mechanisms linking ANKK1 and social attach-
ment are not yet well understood. As a general willingness to form ties with social groups
likely underlies whether individuals join political parties (Green, Palmquist, and Schickler
2002), Dawes and Fowler (2009) hypothesized that ANKK1 would be significantly asso-
ciated with an individual’s propensity to identify with a political party. The authors found
evidence consistent with this hypothesis.

These association studies give preliminary support to the conjecture that genes affect
turnout and partisan attachment because they influence pro-social behaviors and attitudes
that foster cooperation. More broadly, these findings push political scientists to think
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more critically about the social component of political behaviors. From an evolutionary
perspective, there would have been no selective pressure acting on specific political ori-
entations or actions. However, it is possible to imagine that cooperative behaviors more
generally did confer advantage on our ancestors to varying degrees. Considering these
more proximal psychological aspects of participation expands our understanding of what
participation means. The next step for political scientists is to formally test this conjecture
and other possible causal pathways using a mediation model.

Candidate Gene x Environment Interactions

Complex traits, such as political preferences, are the result some combination and
interaction of environmental, social, gene, hormonal, neurological, and a host of other
neurobiological mechanisms. No one model can fully account for these influences, and
the methodological techniques available to explore each individually remain imperfect.
However, one approach, gene-environment interaction, has the potential to provide great
insight into the “black box” of political preferences. As with twin models discussed earlier,
researchers are ultimately interested in better understanding the causal pathways through
which genetic variants identified by association studies influence political behaviors and
attitudes. However, unlike the work using twin and kinship models, which estimate how
environments might moderate the latent genetic and environmental variance attributed
to political attitudes, candidate gene by environment interaction studies seek to identify
the interactions between specific genetic variants and specific environmental stimuli are
associated with differences in behaviors. Similar to the candidate gene methods described
earlier, regression-based techniques are used to test the significance of interaction terms
between specific genetic marker and specific environmental stimuli (see Abecasis, Cardon,
and Cookson 2000a, 2000b; Fulker, Sham, and Hewitt 1999; Gauderman 2003).

Research in this area remains limited; however, recent papers in conference symposia
have begun to emerge regarding the effects of the political context. Continuing with the
preceding findings, the serotonergic and dopaminergic pathways are of particular interest.
For example, Settle, Dawes, and Loewen (2010) argue that a variant of the 5HTT gene
moderates the influence of living in partisan heterogeneity and that people with the short
version of the allele are more likely to disengage from politics when confronted with a
diversity of opinions in their neighborhood. This finding is consistent with other research
that suggests that those who regulate the uptake of excess serotonin less efficiently are
more sensitive to social stress (Stein, Schork, and Gelernter 2008). These people may be
more likely to select out of politics when confronted with stress, as they will be less able
to successfully manage the contention of politics, arrive at a vote decision, and act on
that decision. Should this finding be replicated and verified, this knowledge has profound
implications for our theory of why competition should increase turnout.

Other work has focused on attitude and ideology. Political scientists have long been
interested in the effects of social networks on political attitudes (Huckfeldt, Johnson, and
Sprague 2004; Mutz 2002,). This work did not consider the possibility that there may be
individual heterogeneity in response to these network environments. However, exposure to
diverse viewpoints in adolescence, as measured by the number of self-reported friendships,
enhances a liberal political identification for those people who carry the DRD4-R7 allele,
who may be genetically predisposed to be novelty-seekers (Settle et al. 2010). People with
the R7 allele are no more likely to have a large number of friends than those without it,
but the effect of this exposure has a differential effect on the development of their ide-
ology. This finding has important implications for our theory of ideology. As ideology
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has stable, genetic components (Eaves and Hatemi 2008), we are also reminded of how
genes regulate ideological adoption or change by affecting the way that we interpret and
incorporate environmental exposures into our ideological framework.

The ability to accurately estimate the importance of one’s genotype in determining
sensitivity to environmental factors has only just begun to provide greater understand-
ing of differences in political behaviors and attitudes. As much of political science is
concerned with environments outside immediate personal exposures, one of the major
potential contributions of the social sciences to behavior genetics is to offer better theory
and measurement for why broader social and political experiences should work in conjunc-
tion with genes to explain social behavior more generally. Fifty years of work in political
science focusing both on the effects of personal social influences and broader sociopolitical
context offer many potential interactions to explore, such as interactions between genes and
media exposure, campaign mobilization, neighborhood demographics, and electoral rules.
Political scientists have begun to lead the way in studying these interactions and, similar to
epidemiological studies, are blessed with rich data on environmental exposures. So far, this
understanding has remained limited to the individual; however, the potential to estimate
aggregate-level effects may provide important guidance to researchers and policymakers
as they seek to design environments to improve conditions for citizens.

Genome-wide Analyses

The second approach to identify specific genetic markers, for which appropriate data have
only recently become available for the study of political traits, is to systematically scan
the entire genome for markers significantly related to the political traits of interest. The
processes by which individual genes or groups of genes could be indirectly influencing
political behaviors are unknown, and the major benefit of genome-wide approaches is not
to find “a” gene “for” a given trait but rather to identify previously unknown biological pro-
cesses and pathways related to the development and maintenance of political orientations.
In this way, they are not constrained by prior hypotheses (Pearson and Manolio 2008).Two
basic approaches have been used: genome-wide linkage, which requires a large sample of
related individuals, and genome-wide association, which relies on a sample of unrelated
individuals. The human genome is remarkably identical for all people, but small portions
vary from person to person. These polymorphisms make it possible to identify genomic
regions inherited in conjunction with the trait of interest.

Regarding political behaviors, only one published study so far has taken this approach.
Hatemi et al. (2011) used genome-wide linkage, an exploratory method that identifies large
chromosomal regions statistically significant in predicting a trait value, and found four
significant or suggestive regions for a liberalism-conservatism scale of attitudes. In each
of the regions, glutamate, NMDA, dopamine, and serotonin receptors were located on or
near the linkage peaks. This finding was important because neurotransmitters for NMDA
and serotonin have been significantly associated with a wide array of behavioral traits with
specific involvement in the regulation of cognition and emotion and regulation of fear,
stress, and anxiety (Canli and Lesch 2007; Dai et al. 2008; Hariri et al. 2002; Hariri and
Holmes 2006). That is, the genome-wide linkage study identified potential candidate genes
for political attitudes that are broadly consistent with deeper psychological mechanisms
such as fear, anxiety, cognition, and emotion and have opened the door to explore new
pathways toward attitude formation.

However, linkage is better suited to detect genes with large effects, and because indi-
vidual genetic effects are very small for complex traits, more powerful genome-wide
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association scans (GWASs) are preferred. GWASs represent a revolutionary advancement
beyond linkage and candidate gene studies because they take advantage of high-throughput
genotyping techniques to investigate hundreds of thousands of variants across the entire
human genome in samples of unrelated individuals to identify specific genes that may be
responsible for the trait of interest. This type of analysis requires a dense set of markers that
capture a substantial proportion of common variation across the genome. They compare a
more “complete” DNA of people on a polymorphism-by-polymorphism basis, rather than
a regional approach, and offer a more powerful alternative to linkage that is often under-
powered to detect genes with small effects and a much more robust test than candidate gene
studies that are biased by the choice of genes included (Baum et al. 2008). However, due to
the simultaneous exploration of hundreds of thousands of markers, a GWAS requires large
sample sizes and expensive genotyping, and it demands an extremely high threshold for
significance: p < 5 × 10−8 or better. GWAS studies for political traits are now underway
and should begin producing results in the near future.

Limitations of Candidate Marker and Genome-wide Studies

Molecular genetic studies rely on specific genetic markers rather than estimates of over-
all latent genetic effects. This approach presents a number of unique considerations and
limitations. First, DNA sampling requires a more invasive protocol than typical of most
social science studies. Blood or saliva must be collected, and researchers must have train-
ing in molecular biology and be cognizant of the additional ethical considerations, subject
protections, data safety, and sample collection protocols necessary for dealing with biolog-
ical specimens, as well as access to proper processing, genotyping, storage facilities and
methodological expertise. Furthermore, the funding mechanisms in the social sciences for
these additional expenses are limited. In addition, common gene variants that have so far
been implicated in social traits are responsible for only a very small fraction of the genetic
variation that we know exists. For example, GWASs have been able to account only for
some 11 per cent of the genetic variance found by heritability studies for height. Future
studies that utilize gene expression methods and account for rare variants have the poten-
tial to alleviate some of the missing heritability concerns, but the findings so far caution
against any one gene or group of genes being identified that account for the bulk of the
genetic variance on any political or social trait.

Each method also contains additional shortcomings and limitations. The genome is
extremely large and complex, and what appears to be a significant causal relationship
between a genetic variant and a trait of interest may be due to chance. Statistical evi-
dence for an association between an allele and a phenotype comes from one of three
situations: (1) The allele itself might be functional and directly affect expression of the
trait, (2) the allele might be correlated with another causal allele, and (3) the associ-
ation could be attributable to chance, artifact of the sample, confounding1 or selection
bias (e.g., population stratification). Of greatest concern is population stratification. The
classic example by Knowler, Williams, Pettitt, and Steinberg (1988) showed that a fail-
ure to adjust for confounding by population stratification produces a spurious association
between variants in an immunoglobulin haplotype and diabetes among residents of the Gila
River Indian Community. The association was not causal but instead reflected confounding

1If unaccounted subpopulations exist within the studies defined groups and if they differed
in both allele frequencies, ignoring these differences in a candidate gene studies would lead to
confounding.
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by a population-stratifying factor: the degree of Caucasian heritage of the individuals in
the Gila River Indian Community. In other words, controlling only for self-reported eth-
nicity resulted in a spurious association. Certain statistical controls such as family-based
designs are now preferred to alleviate population stratification concerns, whereas other
genomic controls or structured association methods correct for chance association (Balding
2006; for a review of these and other controls, see Cardon and Palmer 2003). In addi-
tion, a false-positive may arise due to the fact that candidate gene studies tend to test
several variants, possibly only reporting a subset of them, without correcting for this fact.
Similarly, when conducting a large number of hypothesis tests, some significant associa-
tions will be found that are purely the result of sampling variation. One way to account
for this is to use a Bonferroni correction that divides the p-value by the number of tests
performed.

So far, very few candidate genetic marker studies have survived long-term replication,
and fewer still are validated by genome-wide approaches, which suggest that many signif-
icant results may be an artifact of the specific sample being studied rather than a genuine
relationship. This is especially important for political science studies focusing on genes
related to the dopamine and serotonin systems, as recent meta-analyses have shown that
findings for many of these genes may not be as strong as previously believed (Munafo et al.
2009a; Munafo, Durant, Lewis, and Flint 2009b; Munafo, Yalcin, Willis-Owen, and Flint
2008).

A similar concern is that studies that use the exact same genetic markers have been
coded in different ways, achieving significance in their respective studies (Freese 2010).
For example, the Taq1a variant of ANKK1, part of the dopamine pathway, comes in three
forms: TT, TC, and CC. Three studies that used the same AddHealth data coded Taq1a in
three different ways. For its relationship with partisanship and voting, Dawes and Fowler
(2009) coded the SNP as the number of C alleles (0, 1, and 2). For educational attainment,
Shanahan et al. (2008) coded the SNP as C/C versus the combination of TC and TT;
and for delinquency, Guo, Roettger, and Cai (2008) coded the SNP as T/C versus the
combination of CC and TT. All coding schemes may be valid, as the function of specific
SNPs, combination of SNPs, and neurobiological pathways remain largely under-informed
and may be different for different traits. However, the lack of a uniform coding scheme
makes it difficult to ensure accurate replication and interpretation.

In addition to concerns about spurious associations, there are modeling assumptions
made in association studies that must be properly addressed. By methodological design,
most studies assume that a single genetic variant influences a behavior or attitude additively
or independently. That is, candidate gene studies capture only a single polymorphism for a
single gene even though it is known that it is unlikely that genes act independently. Rather,
there are at least hundreds of genes that influence any given neurobiological pathway, and
complex behaviors and attitudes are polygenic, and numerous gene-by-gene associations
or interactions (epistasis) may exist that influence a political behavior. This problem is
compounded by the need to correct for multiple hypothesis testing as each interaction
constitutes an additional test, and the power to detect interactions is much lower than the
power to detect main effects. Therefore, including gene-gene interactions will require very
large samples to attain a reasonable level of power.

GWASs alleviate some of the concerns found in candidate gene studies. However, as
noted, the statistical requirement for a positive association is incredibly strict, and it is quite
possible that many genetic markers that are in fact significant are being deemed insignifi-
cant. Thus, though candidate gene studies may be over-reporting significance, GWA may
be underreporting significance.
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Furthermore, similar to twin models, proper interpretation of results is important. For
instance, in our preceding example, Settle, Dawes, Christakis, and Fowler (2010) reported
that people with 10 friends who have two copies of the 7R allele of DRD4 would have the
effect of increasing ideology in the liberal direction by about 40 per cent (on a five-point
scale) versus those who do not have two copies of 7R allele but also have 10 friends. A
result of this magnitude due to a single variant on a single dopamine receptor is unlikely, if
not impossible. However, it is entirely possible to interpret the finding that the 7R allele of
DRD4 changes one’s ideology by 40 per cent if he or she has many friends. Unfortunately,
this is exactly how the results were explained to the public by Fox News (“Researchers
Find the ‘Liberal Gene”’; see Kaplan 2010). This is not to say the analyses were incorrect;
rather, the estimates are simply the result of the statistical method and assumptions in the
model. In both candidate gene studies, effect sizes are often inflated due to the statistical
model. This is of greater concern in small samples and when studies include subjects of
different ethnic and racial ancestry into a single sample or genotype only a limited number
of biomarkers.

Possibly the greatest concern in candidate gene studies are the false-positives reported
in candidate gene-environment interaction studies. Studies that find no main effect but find
an interaction do not tend to survive long-term replication. Specifically, finding a signif-
icant allelic GxE interaction, but no significant relationship between the genetic marker
and the trait of interest (no main effect), suggests the unlikely scenario of a risk environ-
ment for one allele’s being the protective environment for the other. Regarding the most
celebrated of GxE studies, Caspi et al. (2003) found that childhood maltreatment predicted
adult-diagnosed depression among individuals carrying at least one copy of the “short”
allele of the promoter region of the 5-HTTPLR serotonin transporter. They also found that
people with one or more short alleles who were exposed to stressful life events were more
likely to develop depression than those homozygous for the long allele. However, the Risch
et al. (2009) meta-analysis of more than 14,000 individuals provided evidence that Caspi’s
findings were not supported.

Conclusion

In this paper, we reviewed the last 5 years of scholarship focused on the study of the
genetic influences of political behaviors and attitudes through the main behavioral genetics
approaches to study behavior, to include their limitations. The foresight of the geneticists
and psychologists who collected relevant political phenotypes decades before political sci-
entists realized their value opened the door for this research. However, those most invested
in politics, and who are principally interested in the dynamic and multifaceted nature of
the social environment and the mechanisms that link context with the immediate biological
substrate, have now taken the lead in the genetics of political and social traits. Remarkably,
in just a few short years, political scientists have far surpassed the original behavioral
genetics studies that explored political traits.

In doing so, it is not simply that the genetics of political behaviors are being bet-
ter understood but rather that political behavior is becoming more fully understood. New
pathways that link proximal psychological mechanisms informed by genetic differences,
such as cognition and emotion, are being identified. In addition, the limits of environmen-
tal predictors are being realized. Though it remains quite early in this research program,
additional methods and improvements in methodology in each of these domains is contin-
ually progressing and offer exciting analyses to further explore genetic influences. Future
studies, which begin to unpack gene-environment relationships by including rare vari-
ants, measuring gene expression, or incorporating gene-gene interactions will undoubtedly
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further this endeavor. The potential of experiments to generate both field and laboratory
data is equally promising. Such exploration allows the possibility to further control and
refine the nature of the intersecting relationships between genes, environmental stimuli,
and relevant political behaviors and preferences.

Only by considering both the environmental and genetic sources of individual dif-
ferences can we gain a deep understanding of behavior. The more we learn about how
genes lead us into environments, affect our interpretations of the exogenous environ-
ments we encounter, and how our social environments may change our genetic expression,
the more we can contribute to the discipline at large about which environments matter
and why.
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