Web Appendix 2: Some examples of how gene-environment covariation and interaction have been considered or empirically quantified in the Political and Social Science Literature.
Below, are only some of the published examples by political scientists that explicitly address the potential for gene-environment covariation. We do not include the thousands of examples by psychologists and sociologists. Articles are in italics font, and the text following each citation are quotations.
Hatemi, P.K. 2012. "The Influence of Major Life Events on Economic Policy Attitudes in a World of Gene-Environment Interplay." Am J Pol Sci (accepted)

“ If genes motivate people to seek out certain environments or social situations and those environments influence political attitudes, the environments measured are no longer entirely exogenous, and it becomes difficult to quantify the genetic effect on a behavior or attitude 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 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.”

Hatemi, Peter K., John R. Alford, John R. Hibbing, Nicholas G. Martin, and Lindon J. Eaves. 2009. "Is There a “Party” in Your Genes?" Political Research Quarterly no. 62 (3):584-600

“The CTD and associated linear structural models provide an initial decomposition of individual differences into broad genetic, common, and unique environmental components. The genetic and social consequences of assortative mating, genotype × environment interaction (G × E) and genotype–environment correlation (rGE) are confounded with the estimates of the principal variance components (Eaves 1982; for an example, see Eaves and Hatemi 2008). There is no single direct path from genes to behavior. Rather, they are likely to be numerous and convoluted. Any sophisticated behavior is far too complex to fully explain in discrete terms. However, estimates of variance components are no more absolute than estimates of regression coefficients in typical social science models. In the “real” world, behavior is not divided into perfect buckets of genes and environment, nor is a regression coefficient a definitive predictive estimate. Interpretation of results is based on the models employed and covariates used, with accepted limitations. Our univariate and multivariate analyses are based on the initial ACE model widely used across disciplines. They constitute an invitation to explore a paradigm until it fails to account for significant features of future data. Establishing general estimates of genetic and environmental influence for PID and partisan intensity paves the way to consider more complex models and measures which might yield more specific interpretations and predictions. These include identifying if different genes and environments influence males and females, epistasis, dominance, effects of sibling imitation and contrast, G x E, and rGE, as well as models that try to identify the specific genes or environments involved in particular neurochemical processes that mediate the effects of genetic differences upon the behavioral phenotypes. The analysis of the roles of genes and environment is progressive. Success is judged by the cumulative weight of coherent findings”
“Twin studies do not pretend to offer an exhaustive analysis of all the potential subtleties of the action and interaction of social and genetic influences. The CTD and associated linear structural models provide an initial decomposition of individual differences into broad genetic, common, and unique environmental components. The genetic and social consequences of assortative mating, genotype × environment interaction (G × E) and genotype–environment correlation (rGE) are confounded with the estimates of the principal variance components (Eaves 1982; for an example, see Eaves and Hatemi 2008). There is no single direct path from genes to behavior. Rather, they are likely to be numerous and convoluted. Any sophisticated behavior is far too complex to fully explain in discrete terms. However, estimates of variance components are no more absolute than estimates of regression coefficients in typical social science models. In the “real” world, behavior is not divided into perfect buckets of genes and environment, nor is a regression coefficient a definitive predictive estimate. Interpretation of results is based on the models employed and covariates used, with accepted limitations. Our univariate and multivariate analyses are based on the initial ACE model widely used across disciplines. They constitute an invitation to explore a paradigm until it fails to account for significant features of future data. Establishing general estimates of genetic and environmental influence for PID and partisan intensity paves the way to consider more complex models and measures which might yield more specific interpretations and predictions. These include identifying if different genes and environments influence males and females, epistasis, dominance, effects of sibling imitation and contrast, G x E, and rGE, as well as models that try to identify the specific genes or environments involved in particular neurochemical processes that mediate the effects of genetic differences upon the behavioral phenotypes. The analysis of the roles of genes and environment is progressive. Success is judged by the cumulative weight of coherent findings.”  
Verhulst, B., L. J. Eaves, and P. K. Hatemi. 2012. "Correlation not causation: the relationship between personality traits and political ideologies." Am J Pol Sci no. 56 (1):34-51
“Selection into an environment is called gene-environment covariation. If the latent genetic component is correlated with the shared (unique) environment, estimates of the shared (unique) environmental component will be inflated. As for gene-environment interactions, if the latent genetic component interacts with the common environment, the additive genetic component will be inflated. Alternatively, if the latent genetic component interacts with the common environment, the unique environmental component will be inflated.”
Hatemi, P. K., C. T. Dawes, A. Frost-Keller, J. E. Settle, and B. Verhulst. 2011. "Integrating social science and genetics: news from the political front." Biodemography Soc Biol no. 57 (1):67-87.

“If genes motivate people to seek out certain environments or social situations and those environments influence political attitudes, the environments measured are no longer entirely exogenous, and it becomes difficult to quantify the genetic effect on a behavior or attitude 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 gettinga 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.”
Sturgis, Patrick, Sanna Read, Peter Hatemi, Gu Zhu, Tim Trull, Margaret Wright, and Nicholas Martin. 2010. "A Genetic Basis for Social Trust?" Political Behavior no. 32 (2):205-230. doi: 10.1007/s11109-009-9101-5.

 “Finally, the model we have employed assumes that the effects of genes on trust are additive. That is to say that there are no gene 9 gene and no gene 9 environments interactions. While a blanket assumption of no gene, 9 gene interactions may be highly unrealistic in terms of how a genotype actually manifests as a phenotype, in terms of decomposition into ACE components it is unproblematic, because the interaction effects will still be correctly allocated to the additive genetic component (Bouchard and Loehlin 2001; Falconer and Mackay 1996). In this sense, however, it is more appropriate to think of the A component as the ‘total heritability’, combining additive genetic and genetic dominance effects, rather than additive genetic effects only. The assumption of no gene 9 environment interactions is potentially more problematic. It might be the case, for instance, that the heritability of trust varies as a function of the socio-economic status of an individual’s parents (e.g., Harden et al. 2007), or level of attendance at religious ceremonies and gatherings (Fowler and Dawes 2008). If such interactions are not directly modeled, they might be incorrectly partitioned into the unique environmental variance component, leading to under-estimates of both A and C (Falconer and Mackay 1996). The sensitivity of parameter estimates to these types of un-modelled gene 9 environment interactions underlines the points made earlier about the malleability of the ACE components across time, place, and culture. Our results indicate that social trust has a genetic basis and that shared environmental influences are weak to non-existent. We should not, however, consider the point estimates of the variance components in these analyses as definitive values. Rather, by using the most transparent and simplest models, the genetic estimates reported here open the door for more complex familial models in future analyses to include parents and non-twin siblings in the sample thus allowing for the effects of rGE, GxE, assortative mating and twin-only environmental variance to be addressed (Eaves and Hatemi 2008; Medland and Hatemi 2009).” 

Boardman, J. D., C. L. Blalock, F. C. Pampel, P. K. Hatemi, A. C. Heath, and L. J. Eaves. 2011. "Population composition, public policy, and the genetics of smoking." Demography no. 48 (4):1517-33. 
“Two competing gene-environment interaction models speak to changes in the smoking environment and the genetics of smoking. The social control model hypothesizes that normative and institutional controls restrict individual behavior, and as a result, two individuals within highly controlled environments may behave similarly despite genetic differences. In this case, phenotypic similarity is simply a function of the social controls linked to laws and legal enforcement, moral codes, religious control, highly organized educational settings Alternatively, the social push model (Raine 2002) hypothesizes that public policies can actually highlight genetic influences by minimizing “noise” that has the potential to overwhelm and hide genetic expression. According to this model, genetic associations are most clearly observable in benign environments lacking social factors that encourage genetically influenced addictive behaviors.”
Hatemi, Peter K., Carolyn L. Funk, Sarah E. Medland, Hermine M. Maes, Judy L. Silberg, Nicholas G. Martin, and Lindon J. Eaves. 2009. "Genetic and Environmental Transmission of Political Attitudes Over a Life Time." The Journal of Politics no. 71 (03):1141-1156. 

“The evidence for genetic influence starting at about age 21–25 stems mostly from a substantial drop in the attitude concordance between DZ twins while the correlation between MZ pairs remains stable. Why does DZ cotwin similarity remain similar to that of MZ cotwins up until 20 years of age and then drop off sharply? This pattern goes against a key challenge to twin studies based on the equal environments assumption. The critique is that MZ twin pairs are treated more alike than DZ twin pairs during childhood, and this provides an alternative explanation for the greater concordance between MZ cotwins versus that between DZ cotwins. Scholarship widely agrees that by far the greatest differences between MZ and DZ treatment occur during youth (Kendler et al. 1987, 1993). However, as the results show here, this potential difference in treatment has no effect on political preferences during childhood and adolescence. In fact, DZ cotwin similarity is almost exactly the same (if not higher) until age 20. It is only during young adulthood, after adolescents leave their shared home environments for one of increased independence from family that DZ cotwin correlations drop sharply. If there were systematic unequal environmental influence provided by social influences in adolescence, DZ correlations should be much lower in adolescence and might even grow in adulthood, but this is not at all the case. One explanation for this pattern is that those pairs who are most discordant in attitudes are the first to leave the nest, and genetic differences are a large contributor for leaving home and each other (e.g., see Posner et al. 1996). An alternative explanation may be that DZ twin pairs are choosing less similar environments than MZ twin pairs for reasons which are not influenced by genes, thus influencing MZ twin pairs to be more like each other or become less dissimilar as compared with DZ twin pairs. However, this would run counter to previous analyses of social attitudes. In a longitudinal study Posner et al. (1996) found that attitude similarity was the basis for the amount of contact between twins and not vice versa in an Australian population.6 Based on these findings, critics of the twin design, in particular those who claim a special MZ twin environment exists for political attitudes, would have to argue that a special socialized twin environment exists in adolescence, but the influence of that environment lays dormant until adulthood, when it is then triggered by a yet to be identified mechanism which then influences adult preferences. Such a position would run counter to any known process of social influence. Rather, any special MZ socialization model for political preferences is precluded by the data here. In evaluating our findings several issues must be considered. First, much of the past work on political socialization has examined the transmission of partisan identification or a combination of partisan and ideological orientation. This study is based on a multiitem attitude index of liberalism-conservatism. There are no data, to our knowledge, that would allow a longitudinal test of genetic influences on ideology.7 Second, these results argue for neither a model based on biological determinism nor a model based on environmental determinism. Political orientations are not a simple product of the environment (or in particular the familial environment), and certainly cannot be a simple product of genetic factors. Rather, these results begin to highlight the complex interaction between genotypes and social environment in a developing organism. While genes are relatively stable, gene expression may alter at differing points in the life cycle. The environment is not stable, and thus any conclusion must take into account the dynamic nature of human life and development. For example, we find genetic influence is manifest only after moving away from the parental home. Only a handful of studies have tested for the role of contextual mediators in the relationship between genes and attitudes (e.g., Boomsma et al. 1999). However, a number of other studies have demonstrated the importance of environmental context for explaining individual differences in the direction and stability of political attitudes over time. Geographic context and mobility (Brown 1981; Valentino and Sears 2005), intense exposure to events such as political campaigns (Sears and Valentino 1997), more politicized family interactions (Jennings, Stoker, and Bowers 2001), and marital transitions (Stoker and Jennings 1995) are a few of the contextual differences shown to influence political attitudes and behavior. Future research needs to address in some depth how these contextual factors interact with genetic factors to influence political attitudes and behavior in a developmental framework. The expression of genetic influences on political attitudes occurs at the time of early adulthood and persists throughout the adult years. The onset of genetic influences at young adulthood raises new questions about the mechanism of genotype-environment interplay and the mechanism underlying the ‘‘impressionable years’’ model of political socialization. Our results suggest the parent-child correspondence in attitudes over the long-term is more likely to be due to some combination of personal experiences and shared genetic inheritance, rather than a lasting direct social influence of parents on the attitudes of their adult offspring. And the stability of political attitudes, starting from the period of young adulthood and continuing through the adult years, is in turn also likely due in part to genetic influences”
Eaves, L.J., P.K. Hatemi, E.C. Prom-Womley, and L. Murrelle. 2008. "Social and genetic influences on adolescent religious attitudes and practices." Social Forces no. 86 (4):1621-1646
“Twin data alone cannot provide a definitive model for the roles of genes and the environment, but under some simplifying assumptions it is possible to estimate meaningful parameters from twin correlations, and offer a starting point to look further, as is common practice (Neale and Cardon 1992).

This model ignores three potentially important issues: (1. the effects of genes interacting with each other (non-additive genetic effects); (2. the effects of genes and environment are independent (individuals with “religious” genes do not receive more than their fair share of “religious” environments); (3. the effects of genes and environment do not interact (i.e. “religious” genes do not make children more or less sensitive to the impact of the environment). The implications of these assumptions, and approaches to testing them, have been widely considered (see Heath et al. 1985; Jinks and Fulker 1970; Rao, Morton, and Yee 1976).”
Eaves, L. J., and P. K. Hatemi. 2008. "Transmission of attitudes toward abortion and gay rights: effects of genes, social learning and mate selection." Behav Genet no. 38 (3):247-56

“It certainly does not mean there is ‘‘a’’ gene ‘‘for’’ an attitude. Following Ronald Fisher’s classical (1918) treatment, it is assumed that variation in complex outcomes depends on genetic variation at a large number of genes.  The pathway from DNA to phenotype is very long and convoluted so that the effects of individual genes may be too small to stand out against the background of all other genes and environmental factors combined. Genetic liability may be expressed even through the complex developmental interplay between the person and the environment (‘‘genotype–environment correlation’’, see e.g.  Eaves et al. 2003; Scarr and McCartney 1983; Silberg and Rutter 2001). The model for transmission between generations suggests that transmission is based on latent influences on liability, rather than a direct impact of individual parental values on those of their children, and this  liability is mainly a function of genetic differences. Neither does the model discount environmental factors. The parameter estimates imply that as much as 50% of the variation in liability is due to the non-genetic unique environmental effects of individual personal experience ADDIN EN.REFLIST Hatemi, P.K., J.R. Hibbing, S.E. Medland, M.C. Keller, J.R. Alford, K.B. Smith, N.G. Martin, and L.J. Eaves. 2010. "Not by twins alone: Using the extended family design to investigate genetic influence on political beliefs." Am J Pol Sci no. 54 (3):798-814.” 
Hatemi, P.K., J.R. Hibbing, S.E. Medland, M.C. Keller, J.R. Alford, K.B. Smith, N.G. Martin, and L.J. Eaves. 2010. "Not by twins alone: Using the extended family design to investigate genetic influence on political beliefs." Am J Pol Sci no. 54 (3):798-814

“Genotype by environment correlation (rGE) refers to the hypothesis that an individual’s genes may influence his or her exposure to certain nonrandom environmental stimuli (see McCourt et al. 1999; Scarr and McCartney 1983). This correlation can be classified as active, in which the individual’s own genes influence his or her exposures to certain environments, or passive, in which the environment of an individual is influenced by the genes of a relative. For example, positive passive interaction occurs when parents with liberal genetic predispositions, simply by following their own listening inclinations, increase the liberalism of their daughter by providing a childhood environment rich in public radio exposure…” .
Medland, Sarah E., and Peter K. Hatemi. 2009. "Political Science, Biometric Theory, and Twin Studies: A Methodological Introduction." Political Analysis no. 17 (2):191-214
“The classical twin model (CTD) assumes that genetic and environmental influences are orthogonal and that parents do not share any genes in common. However, it is possible that genetic and environmental influence may correlate or interact and that parents, while not related, may share similar genetic factors. Although each of these possibilities would bias the estimates in a CTD, extensions of the CTD exist to model the interaction of genes and environment. Genotype by environment correlation (rGE) refers to the hypothesis that an individual’s genes may influence their exposure to certain nonrandom environmental stimuli. In effect, one is ‘‘choosing’’ their environment based in part on their genes (Caspi et al. 2003; Eaves 1969; Eaves, Eysenck, and Martin 1989; Saudino 1997). This correlation may be classified as active, where the individual’s own genes influence their exposures to certain environments or passive in which the environment of an individual is influenced by the genes ofa relative. Unmodeled active rGE may either inflate or deflate the estimates of genetic influences.

Unmodeled passive rGE may increase the estimates of common environmental effects. Traditionally longitudinal data have been required to test these effects. Genotype by environment interaction (G _ E) arises when individuals with differentgenotypes differ in their response or sensitivity to the environment. The presence of G _ E means that the estimates of genetic and environmental influences will differ within the sample based on environmental stimuli. If the environmental stimuli are not shared among the siblings, the estimates of the unique environment will be inflated. However, if the environmental influences are shared among the siblings, estimates of additive genetic influences will be inflated. The presence of G _ E may be assessed by testing for a correlation between the sum and absolute differences of data from MZ co-twins (i.e., heteroscedasticity) (Jinks and Fulker 1970; van der Sluis et al. 2006) or by partitioning the variance.”
“Twin designs are merely a first step, and although not definitive, armed with a full understanding of the methodological steps taken to verify the findings, as well as scientific understanding of the assumptions and limitations, they are difficult to dismiss. MZ twins are more alike than DZ twins for reasons other than the environment.”
“Genotype by environment interaction (G x E) arises when individuals with different genotypes differ in their response or sensitivity to the environment. The presence of GxE means that the estimates of genetic and environmental influences will differ within the sample based on environmental stimuli. If the environmental stimuli are not shared among the siblings, the estimates of the unique environment will be inflated. However, if the environmental influences are shared among the siblings, estimates of additive genetic influences will be inflated. The presence of GxE may be assessed by testing for a correlation between the sum and absolute differences of data from MZ co-twins (i.e., heteroscedasticity) (Jinks and Fulker 1970; van der Sluis et al. 2006) or by partitioning the variance components into that which is linked to variation within the environmental influence and that which is residual (see Purcell 2002)”.
Neale, M. C. , and L. R. Cardon. 1992. Methodology for Genetics Studies of Twins and Families. Boston: Kluwer Academic Publishers

“Insofar as the genotypes of individuals create or elicit environments, cross-sectional twin studies will not be able to distinguish the ensuing CorGE from any other effects of the genes. That is, positive CorGE will increase estimates of all the genetic components of variance and negative CorGE will decrease them. However, we will have no direct way of knowing which genetic effects act directly on the phenotype and which result from the action of environmental variation caused initially by genetic differences. In this latter case, the environment may be considered as part of the \extended phenotype" (see Dawkins, 1982). If the process we describe were to accumulate during behavioral development, positive CorGE would lead to an increase in the relative contribution of genetic factors with age, but a constant genetic correlation across ages (see Chapter 12).”
Eaves, Lindon J., Peter K. Hatemi, Andrew C.  Heath, and Nicholas G. Martin. 2011. "Modeling Biological and Cultural Inheritance." In Man is by nature a political animal evolution, biology, and politics, edited by Peter K. Hatemi and Rose McDermott, 1 online resource (xv, 317 p. ). Chicago: University of Chicago Press.

“Some environments may restrict or facilitate the expression of genetic differences. The more our studies address complex behaviors that rely on the human capacity to evaluate and respond to the world cognitively and emotionally, the more plausible it becomes that such genotype x environment interactions (GxE) are a significant feature of the genetic architecture of human behavior.”
Hatemi, Peter K., and Rose McDermott. 2012. "The Genetics of Politics: Discovery, Challenges and Progress." Trends in Genetics  

“Text Box 1: Challenges to Kinship Studies and the Twin Design

The classical twin design (CTD) derives its explanatory power from the difference in the genetic similarity of monozygotic (MZ) twin pairs, who share virtually identical chromosomal DNA sequences, and dizygotic (DZ) twins, who share on average 50% of their DNA sequence. Comparison of phenotypic concordance between populations of MZ and DZ twin pairs reared together controls for the effects of familial socialization, allowing for differences in co-twin correlations to be partitioned into broad estimates of heritability and environment [26].  

The approach relies on a number of assumptions. The most contested, yet dependable, is that the familial environment influences the examined trait to the same degree for MZ and DZ twins. If MZ twins were specifically socialized to be more similar for the trait of interest, then genetic influences would be overestimated in the CTD.  A series of studies on political traits using extended kinships [48], longitudinal designs [10], and models that included specific measures of familial environments [28, 79] found no significant differences in social influences by zygosity. 

A more difficult challenge, which has yet to be fully addressed, is the interpretation of broad sense heritability estimates.  The CTD provides standardized estimates of individual differences, which partitions variance into latent factors; additive genetic influences; common environmental influences shared among family members; and unique environmental influences, which includes idiosyncratic experiences.  Interpretation of these models initially relied on a model focused on chromosomal DNA and an additive model of influence. However, genetic influence as well as heritability extends beyond differences in the DNA sequence. We now know that genetic influence is not simply additive, but occurs through epigenetic, genomic, and numerous other genetic pathways. For example, epigenetic modifications of DNA have a role in phenotypic outcomes, and these are also heritable, thus complicating interpretation [80].

 This suggests that all the variation that is attributed to the latent additive genetic factor in twin and kinships studies is likely confounded by some unknown portion of gene-environment interaction, gene-gene interaction, and epigenetic influences. Thus, interpretation of twin models has developed as the field of molecular genetics has progressed.  This interpretation is common knowledge is genetics research, but often not explicitly stated. For example, the label “additive genetic” remains the same in twin models and can cause confusion. Even when stated explicitly, the nuances of such terms are often not understood by those unfamiliar with genetics terminology. 

 
Text Box 2: Epistemological Challenges

Differences in knowledge and training between genetics and social scientists contribute to difficulties in integrating these fields of research.  Most political science degree programs do not require any coursework in the life sciences, much less genetics.  Unfortunately, much of the social scientific community’s understanding of genetics comes from the media and often rests on the belief that particular genes “cause” particular behaviors. Media claims that “Researchers find the Liberal Gene” (http://www.foxnews.com/scitech/2010/10/28/researchers-liberal-gene-genetics-politics/),  or that  “Some Politics May Be Etched in the Genes” (http://www.nytimes.com/2005/06/21/science/21gene.html) serve to both exacerbate and reflect the epistemological divide between the social and life sciences.  

Divergent approaches to scientific method also contribute to this divide. The social sciences rarely, if ever, experience rapid technological advances or undergo periods of fundamental discovery. Genetics research relies on the aggregation of knowledge and incremental discovery. No one study or method reigns supreme or remains indefinitely.  This approach is contrary to social science debates that advocate a single approach or method to address all social research.  Thus, criticisms of genetic approaches by social scientists  remain unaware or unconvinced that publication of preliminary or novel results or models that acknowledge limitations and develop incrementally are the norm and necessary for discovery and improvement [54, 77]. As a result, any flaw or limitation acknowledged in a specific approach is then used to indict the entire research program [2, 53]. 

A disconnect has developed between criticisms which focus on improving existing models, and those which seek to abolish or eliminate the entire research agenda, oftentimes for ideological reasons, such as wholesale objections to biological work because of fear of past abuse, or threats to current dominant models [81].  As a result of such largely unspoken existential divides, it has proven difficult for life and social scientists to enter an honest discussion about the  limitations inherent in genetic work and still employ the methods in a progressive and useful manner. This divide presents a real challenge for creating a common language, evaluating research, understanding methods and limitations, and discussing current issues in genetics, such as redefining heritability, epistasis, gene–environment interactions, epigenetics (including parent-of-origin effects), rare variants, low power to detect small effects, trait heterogeneity (lots of different traits with the same phenotype), poor tagging (i.e.,  rare mutations of large effect, problematic genomic regions, and lack of systematic coverage of small CNVs), undefined genetic pathways, unresolved functionality of genetic markers, and tissue-specific expression, among other concerns.”
Hatemi, Peter K, Enda Byrne, and Rose McDermott. 2012. "Introduction: What is a ‘gene’ and why does it matter for political science?" Journal of Theoretical Politics no. 24 (3):305-327
“What is a Gene, and What is Genetic Influence? 
At some point, almost everyone has pondered the nature and limitations of our own biology. How does my eye actually see things? Why do I feel the way I do? How does my body fight infection? It can be overwhelming to consider how every single emotional or physical thought or action that we experience, even those we cannot see, such as the way our immune system reacts to the incursion of bacteria, the influence of a person’s touch, a smile, or the feeling of warm sunlight on our face, is initiated by the combination of some stimulus and the concomitant expression of genes within our cells. This leads to the reciprocal action of other cells which result in signals that govern the expression of other genetic and neurobiological systems, which eventually inspire feeling, thought and behavior. Once we combine this fascinating interaction with the human ability to transcend our biology, to reason, to feel, to perceive, to question, to talk, to love, to empathize, and all other self-reflective dynamics which make us human, only then can we appreciate both the wonder and complexity of the human genome. 

Pearson (2006) describes a gene as “locatable region of genomic sequence, corresponding to a unit of inheritance, which is associated with regulatory regions, transcribed regions and/or other functional sequence regions”. While such a definition might be useful for a genetics audience, for many political scientists this constitutes a definition without meaning because the vast majority of political scientists have not been exposed to molecular biology, genetics, or functional genomics. Interdisciplinary research is often hindered by the lack of a common language or understanding. In this way, the lack of previous integration of genetics and social science has unfortunately led to misunderstandings of what recent genetics models can tell us about complex human behavior. For example, a recent article in the popular media introduced a finding from a gene–environment exploration of liberalism, claiming with the article title that “Researchers find the Liberal Gene” (Kaplan, 2010), despite the fact the authors made no such claim in the actual journal article. Editors, academics, and the media unfortunately often make reference to the genes ‘for’ ‘x’. Of course, any credible scientist is well aware that it is essentially impossible for any single gene to be responsible for any complex social or political trait. Genes simply regulate the cellular environment and create proteins. The question of how, when and why they influence our behavior involves a complex marriage between genes and environments. The exact steps remain unknown even to the most experienced in the area, and thus conveying the methods and findings to those without a scientific background is incredibly difficult. 

To begin with, only in the most extreme and unusual of circumstances does a single gene or gene mutation result in a specific behavior or phenotype; Huntington’s disease represents the prototypical example in this very rare category (Imarisio et al., 2008). The genetic effects on the propensity to exhibit any complex social trait will be indirect, and result from the aggregate interaction of thousands of genes in interaction with their local and exogenous environmental conditions (e.g., Hill et al., 2008). We will never find “the” gene for liberalism because it does not exist. The popular misunderstanding that complex social or political behavior can be explained by a single gene, or even a small number of genes, can unfortunately mislead unsuspecting audiences. This representation remains counterproductive because it implies a simplistic genetic underpinning of human behavior and mode of action of genes. 

Rather, at the highest level, genes provide the information to generate different proteins, the main functional tools in the cell, which in turn instigate or restrict hormonal and other biological pathways in both state and trait circumstances. Many of these proteins act as regulators of genes, controlling when and where they are switched on, leading to a complex network of interacting genes. These biochemical pathways operate through a complex cognitive and emotive architecture, including critical aspects of development, such as in utero environments, in an infinitely variegated social world as individuals interact with other people and the environment. 

The processes then becomes operationalized through a psychological architecture in a human organism that walks around, moves and experiences the world, resulting in outcomes we observe at the macro level as behaviors, preferences, attitudes and other recognizable measures. Figure 1 provides a visualization of some of the high level mechanisms of these interactive processes. The figure was originally intended to focus on mental capital across the life course, but is just as easily applicable to almost all complex traits, social, political, psychological or otherwise. 

Figure 1: The Interaction of Biology and Environment Over the Life Course 
Figure 1 is striking in illuminating the numerous ways in which social and environmental factors intervene and interact with the human organism to affect outcomes of interest. Many of these forces interweave social and structural forces with internal tendencies into the complex intertwined process of development across the life course. Indeed, most of these factors are recursive and interactive, as well as developmentally informed. However, even such a superbly designed illustration that highlights the myriad biological, developmental, cognitive, psychological, dispositional, social, institutional, and idiosyncratic events one encounters through a lifetime struggles to capture the infinitesimal dynamic interactions of all human behavior. Indeed, arrows can be drawn between every mechanism; few processes in the development of complex human behaviors are linear. This is equally true regarding genetic influences because the genome itself remains dynamic. Often popular interpretations of genetic  influences lead the public to believe that a single gene, possibly in combination with a particular environmental cue, leads to a specific behavior. This may be in part because the statistical models prevalent in academic research often imply such a direct relationship (e.g., Caspi et al., 2003). However, scientists familiar with genetics understand that gene-environment relationships are much more complex, and that we remain limited by our statistical tools to adequately capture these complex dynamics. This level of sophistication is rarely communicated to the public or even to the social sciences. Much in the same way that social science research relies on regression models to predict behavior, and depends on the critical assumptions inherent in such models which assume that everything else not measured in the model stays constant, genetic analyses make similar assumptions regarding other parts of the genome. Yet the public at large, and the majority of the social sciences, who are mostly untrained in biology and genetics, do not necessarily espouse such a sophisticated view, and instead perceive a deterministic view of genetic influences which they absorb from the mass media. Therefore, it becomes critically important to explain in more detail the supremely complex pathway from DNA to protein regulation and ultimately behavior to social science audiences and the interested public. 

DNA, Genes, and Gene Expression: How do Genes Lead to Behavior? 
Untangling the interaction between genes and behavior is among one of the most difficult tasks in science. The identification of the human genome over a decade ago dispelled any ideas of one-to-one mapping genes to behavior. Rather, humans have far fewer genes than imagined, and uncovering how genes shape individuals and their behaviors is a monumental task. 

For the purpose of this review, and of importance to political scientists seeking to understand the genome, we define a gene as a segment of a DNA molecule that encodes one or  more proteins through three major steps: Transcription; Translation; and Protein Synthesis (for a brief history of gene mapping and some basic background on genetic analyses, see Web Appendix 1). Figure 2 is helpful for a visual representation of this process. The following descriptions will still remain at a higher level than those who work in molecular biology or genetics would find natural, but we wish to provide enough information to allow those untrained in biology the tools necessary to engage in this growing area of scholarly discourse. 

Figure 2: Gene Transcription, Translation, and Protein Synthesis 
Source: National Institutes of Health Report Regenerative Medicine (2006) 

DNA specifies the synthesis of messenger RNA (called transcription) and the messenger RNA specifies the synthesis of polypeptides, which form proteins. Transcription is influenced by a host of genetic and environmental factors. The genetic portion of these transcription factors are known as the ‘promoter’. Promoters need not be in the gene whose transcription they control and, in fact, are often some distance from the site where transcription begins. Furthermore, enhancers, which increase transcription activity, and silencers that inhibit them, are also part of  the process outside of the gene. Promoters activate first, and are located physically prior to operator regions. These operator regions are controlled by regulatory proteins which, through a sequence of chemical signals, can start or stop the transcription process. These various DNA sequences, while not typically included in the public’s understanding of what constitutes a gene, are similarly inherited along with the rest of the DNA. So not only are genes heritable, but the rules which govern them, such as transcription, also appear to be heritable. 

Moving from transcription to translation represents a second step in the long chain from genes to behavior. Translation is the process by which messenger RNA regulates the production of polypeptides (later proteins). The precise mechanisms involved in protein generation are not fully understood. The biological machinery that carries out translation consists of a large complex of many different proteins. Translation takes place outside the nucleus in the surrounding cytoplasm, unlike transcription, which takes place within the nucleus of cells. Thus, translation is also influenced by the environment of the cell and the cell membranes. Thus, a gene’s role in protein regulation is hardly “fixed”. For example, even if two people have a similar genotype, the function of that genotype could differ in numerous ways depending on the individual’s transcription and translation processes, as affected by environmental stimulus. In this way, environments can set the degree to which genes operate and create the stage upon which genes are expressed. In addition, differences in the DNA sequence (genotypes) can also lead to changes in the protein sequence, which can affect the function of the protein. In some cases, such as in the case of rare genetic disorders, the loss of function caused by the changed sequence can be so devastating as to make the protein completely non-functional, which can have dire consequences for the carrier of that genetic variant. In most cases however, the change in protein function is more subtle and therefore has a much smaller effect. It is the cumulative  effect of thousands of genotype differences between any two people that helps create the variability in behavior seen in the population. 

Finally only a proportion of the genes in any one cell are significantly ‘expressed’ (functionally activated) and expression varies by cell type. The mechanisms which regulate expression of specific genes in different tissues occur through numerous genetic and environmental pathways. One example, is methylation of DNA, which is an epigenetic signaling mechanism that cells use to switch genes into an "off" position and is a critical component in numerous biological processes, including embryonic development and X-chromosome inactivation (for a non-technical primer on methylation of DNA see Phillips, 2008). For example, if serotonin “genes” are methylated, they will be less active, thus resulting in differences in serotonin release and uptake, which may lead to individuals becoming more or less susceptible to depression (van IJzendoorn et al., 2010). 

Some genes are expressed in all cells because they deal with general functions that are carried out in every cell in the body (e.g., protein synthesis). These genes are known as ‘housekeeping genes’. Other genes are expressed only in specific tissues or organs, or only during critical developmental phases (e.g., infancy, puberty, etc.), or as a result of environmental triggers (both within the organism and outside of it). In this way, while genes may be able to influence our behavior, one’s behavior also influences genetic expression. Gene expression can be temporarily or permanently altered by extra-cellular signals and environmental influences. Thus, the differential patterns of gene expression provide one way by which a single gene can have multiple effects on multiple traits, or explain how people with the same combination of genotype and observed environment can have remarkably different phenotypes. 

DNA may be the platform on which the causal chain instigates, and there is no question that genotype matters. That is, some people have the potential for higher or lower promotion of a particular hormone based on their genotype, but hormonal release or uptake, the actual end result, can show enormous variance based on environmental contingency. Perhaps a macro analogy might prove helpful for understanding. While this example does not provide a perfect illustration, it can offer an accessible and intuitive reference. Imagine a car which represents the platform (genotype) and a driver as the one who controls the expression (environment, epigenetics). Further, consider there are many different types of vehicles, such as an off road vehicle or a stock racing car. Each one is optimal for different kinds of tasks and usage in different conditions and different drivers would operate the vehicles differently. Off road vehicles operate better than others through the mountains on tough terrain, while the stock car will prove superior in the Daytona 500. Yet, if a professional race car driver was operating the off road truck on the Daytona track, the truck might just prove superior to my great grandmother driving the stock car. Yet, the stock car would operate horribly on rocky terrain, regardless of the driver. Different variations (i.e., terrain) and different platforms (i.e., cars) with different drivers (environment) will produce different baselines of function and different interactions. Similarly, the human genome, and the environments we operate in, and are exposed and select into, display enormous variance as well. It is not necessarily that one genotype/car or environment/driver is privileged over another in general. Rather, different genes may provide advantage to different individuals depending on the environment and context in which they live. Some genes appear to support certain pathways toward general behaviors, such as oxytocin promotion and its influence on mating, while others advantage goals such as cellular division and aging. There is variance in the function of these genes, some more advantageous for certain  functions than others in differing circumstances. Yet, it is important to reiterate, that only in the rare exception, such as Huntington’s disease, do individual genes completely regulate behavior (Imarisio et al., 2008). In this way, DNA provides the platform; it has some import in leading people into environments, and gene expression is affected and based on exposure to certain environments and one’s own behavior. There are no genetic effects without expression. And expression effects are distinctive in that they involve heritable and environmental states that do and do not depend on the DNA sequence (for a more detailed explanation of all of the processes noted above, see Rutter, Moffitt and Caspi, 2006). 

If we take into account the hundreds of thousands of genetic markers, and the various ways expression can take place in the aggregate in a living breathing organism who selects into various social and environmental experiences in real time, in part based on disposition (genetic, hormonal, psychological and cognitive), then the concept of a single genetic marker having substantial and direct influence on a complex social trait remains inconceivable. Does this realization mean that individual genes have no discernible effect? Should we abandon the enterprise of trying to understand the effect of genes on behavior? Certainly not; the same conceptual and theoretical challenges exist when focusing on the influence of culture, or the environment on behaviors of interest. For example, just as we cannot say a single gene, or polymorphism on a gene, motivates behavior, nor can we say a single conversation with your parents made you who you are today. Yet we use questions such as “do you talk about politics at home” as a measure to encompass parental socialization used to predict political interest. What we often refer to as culture, or parenting, actually incorporates a whole complex series of behaviors and thousands of social interactions which encompass emotional bonding, reinforcement, and daily interactions between parents and children in a cultural context  constantly modified by television, diet, peers, weather, life events, and societal events. Such factors cannot be completely captured with a single survey item, and yet they are often adequately characterized by such a question. Exploring the genome represents much the same challenge. The finding that a single genetic marker has some influence on a trait, may implicate a particular biological pathway consisting of hundreds or thousands of genetic and neurobiological mechanisms that result in hormonal release and cognitive and emotive changes, which in turn influence behavior. Thus, it is important to recognize that, like complex organisms in a moving social world, genes operate in an equally complex world within complex mechanisms that function in a living thinking person. In this way one can use the word “gene” in much the same way as one might use “culture”, or “parenting”. Thus, while it is not possible to find a single gene or a small group of genes “for” any given social or political behavior, a single gene might nonetheless have a significant influence on a given trait by representing the operational system helping to drive the pathways which influence the behavior of interest. In a similar manner, latent measures of the totality of genetic influence, such as those provided by studies of kinships, provide accurate and useful latent measures of genetic and environmental influence. Investigating the nature of these processes can help scholars develop novel hypotheses regarding the nature and manifestation of political preferences and behaviors, and begin to help explain why people faced with the same social stimulus have different reactions. In this way, we should care about the influence of genes not for what one genetic variant might account for, but rather because of what such findings signal about the relevant pathway by which particular behaviors emerge. If, given the complexity of genetic and environmental forces, a particular genetic marker still emerges as significantly related to some behavior, this suggests that a particular pathway (i.e., for example, the serotonergic pathway if looking at depression) along a given channel may be indicted in the operation and manifestation of some systematic outcomes of interest. 

Understanding what a gene is, and how it critically informs behavior also requires a change in the way political scientists define and understand the environment. In a neurobiological view, the environment represents much more than simply the stimuli that the entire organism faces. Rather the environment refers to both internal cellular processes and the external forces operating on an individual. Specifically, the environment refers to many factors, including the cellular environment, in utero hormones and maternal stress during gestation, and all processes that manifest across the lifespan, including the environment one’s parents were in when a person was conceived, the environment a person faces as both a child and an adult, diet, parenting, family environment, social and economic issues, emotional bonding and random life events. In short, the environment can refer to everything both inside and outside the body before and after an individual was born. And, the same environmental stimulus, such as cold weather, or trauma, can have multiple effects on both the internal mechanisms and the overall person’s behavior. Thus, different stimuli can exert similar effects under particular conditions as well, both within the same person and across individuals. At times, the same stimulus can trigger entirely different genetic mechanisms that may or may not work together or in opposition to one another. In this way, the actual objective nature of a given stimuli is less important than the subjective way in which it is interpreted and assimilated in light of a person’s history and unique physiology. 

Moving From Theory to Application: Interpreting Empirical Findings 
Given the description of the genome above, how do we think about the meaning of the empirical findings reported in the extant literature? What do the heritability findings in twin  studies, linkage signals or significant SNP’s (Single Nucleotide Polymorphisms – a change in the sequence at one base-pair) identified by candidate gene or genome wide studies mean? How do political scientists interpret them? 

The majority of genetics and politics studies have so far relied on models of heritability, or the extent to which genetic similarity contributes to individual differences in observed behavior. Classical twin designs (Medland and Hatemi, 2009), extended kinships (Eaves and Hatemi, 2008), adoption studies (Abrahamson, Baker and Caspi, 2002), or twins reared apart (Bouchard et al., 1990), are typically referred to as genetically informative samples. By using samples that collect data from two or more different kind of relatives, it becomes possible to statistically distinguish which part of the differences between individuals can be attributed to genetic similarity or environmental influences. “
These designs and extensions have been used to explore the source of individual variance for a wide variety of politically relevant traits, such as ideology (Alford Funk and Hibbing, 2005; Eaves et al., 1999), political attitudes (Martin et al., 1986; Hatemi et al., 2010), partisan intensity and attachment (Hatemi, Alford et al., 2009), vote choice (Hatemi et al., 2007) and voter turnout (Fowler, Baker and Dawes, 2008). Most models restrict variance component estimates to additive genetic (A), shared or common (C), and unique environmental (E) influences. However, variance can be partitioned into genetic dominance (interactions of multiple alleles within a gene), parental influences, environments unique to being a twin, and sibling environments as well (Eaves et al., 1999). 

Table 1, recreated from Eaves et al. (1999) is useful in explicating how to interpret variance component (heritability) estimates. In this population, individual differences in conservatism are accounted for to a large degree by genetic influences (>.6 and .4 in males and  females respectively). What does this mean exactly? First heritability estimates partition variance within a population, they do not explain the value of trait, but the difference of values on a trait within a population. That is, it is not that genes explain 40-60% of conservatism; rather, it is that between .4-.6 of the variance, or individual differences in conservatism within the population, are accounted for by the aggregate of genetic influences. That is, they explain how people differ. The estimates are simply an estimate of the population, not an estimate of the percentage within any given individual which is accounted for by genetic factors. They are not to be interpreted to mean that for every person in the population .4-.6 of their ideology is due to genes. 

Hatemi, P. K., S. E. Medland, K. I. Morley, A. C. Heath, and N. G. Martin. 2007. "The genetics of voting: an Australian twin study." Behav Genet no. 37 (3):435-48

“However, classical twin design analyses may not be always be appropriate for establishing the source of heritability in political behaviors; the act of voting is only part of the complex interdependent and context dependent social attitude factors that are both genetically and environmentally influenced”
Hannagan, Rebecca J., and Peter K. Hatemi. 2008. "The Threat of Genes: A Comment on Evan Charney's “Genes and Ideologies”." Perspectives on Politics no. 6 (02):329-335.
“Genes likely establish general inclinations or predispositions that shape our interpretation and reaction to experiences. Those experiences increase the likelihood of developing a specific traitor attitude. It may be the case that the more we learn about genes the more we discover the importance of relevant environmental influences on behavior. Without consideration of one we would not gain full understanding of the other.”

Neale, Michael C., and Lon R. Cardon. 1992. Methodology for Genetic Studies of Twins and Families. Dordrecht, The Netherlands Kluwer Academic Publishers.

Insofar as the genotypes of individuals create or elicit environments, cross-sectional twin studies will not be able to distinguish the ensuing CorGE (gene-environment covariation)  from any other effects of the genes. That is, positive CorGE will increase estimates of all the genetic components of variance and negative CorGE will decrease them. 
