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Genes and culture are often thought of as opposite ends of the nature–nurture spectrum, but here we examine possible inter-
actions. Genetic association studies suggest that variation within the genes of central neurotransmitter systems, particularly the
serotonin (5-HTTLPR, MAOA-uVNTR) and opioid (OPRM1 A118G), are associated with individual differences in social sensitivity,
which reflects the degree of emotional responsivity to social events and experiences. Here, we review recent work that has
demonstrated a robust cross-national correlation between the relative frequency of variants in these genes and the relative
degree of individualism–collectivism in each population, suggesting that collectivism may have developed and persisted in
populations with a high proportion of putative social sensitivity alleles because it was more compatible with such groups.
Consistent with this notion, there was a correlation between the relative proportion of these alleles and lifetime prevalence of
major depression across nations. The relationship between allele frequency and depression was partially mediated by individu-
alism–collectivism, suggesting that reduced levels of depression in populations with a high proportion of social sensitivity alleles
is due to greater collectivism. These results indicate that genetic variation may interact with ecological and social factors to
influence psychocultural differences.
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Over the last 30 years, social psychologists have documented

an impressive array of psychocultural differences. For ex-

ample, in East Asian cultures the self tends to be defined

in relationship to the group, or collective, whereas in

Western cultures (e.g. Europe and the nations of the

former British Commonwealth) there is a greater proclivity

for the self to be viewed as unique, stable and independent of

the social group (Markus and Kitayama, 1991). A critical

question raised by such findings is how do such cultural

differences arise? Why do some groups tend towards collect-

ivism, while others tend towards individualism?

Answering this complex question will require integrating

many levels of analysis including ecological, sociological,

demographic, economic, psychological and biological. A

helpful means of integrating these diverse influences is to

adopt a cultural neuroscience perspective (Chiao and

Ambady, 2007), because the brain is the central hub where

each of these influences converge. Accordingly, genes affect-

ing brain function are likely to influence the adoption and

formation of cultural norms and, conversely, culture may

also shape the expression and selection of genes. Although

the study of psychological genetics is in its infancy and much

is still to be learned, in this article, we present data suggesting

that variation in several genes known to affect brain function

appear to influence the degree to which one is emotionally

responsive to the social environment. We then extend this

social sensitivity hypothesis to the cultural realm and present

evidence indicating that it may be of relevance to the cultural

construct of individualism–collectivism. Although the vast

majority of genetic variation exists within populations

(Lewontin, 1972), a measurable proportion of human gen-

etic variation does exist between populations of different

ancestral origins. Therefore, we examine below the relation-

ship between population differences in cultural orientation

and the relative frequency of several genetic variants thought

to affect sensitivity to the social environment. In addition,

we also explore potential psychological processes that may

explain the effect.

GENETIC VARIATION AND SOCIAL SENSITIVITY
Serotonin transporter and social sensitivity
We begin our discussion of genetics with a focus on vari-

ation in the serotonin transporter gene (SLC6A4) and, in

particular, a polymorphism within this gene that is probably

the most studied polymorphism in psychiatry. The serotonin

transporter is best known as the site of action for the drug

Prozac and related antidepressants (Wong et al., 1995).

Within a portion of the serotonin transporter gene, there

is a segment of DNA that is longer in some individuals

than others (Lesch et al., 1994). In straightforward fashion,
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the short version is called the short allele, whereas the long

version is called the long allele. An individual can then have

one of three possible genotypes at this location in the DNA

(which is identified by the acronym 5-HTTLPR): short/

short, short/long, or long/long. (For a primer on contem-

porary molecular genetic terminology and concepts, see:

Way and Gurbaxani, 2008).

An initial clue to the psychological role of the 5-HTTLPR

comes from seminal work examining the interaction of the

5-HTTLPR with stressful life events (Caspi et al., 2003). This

study found that individuals with the short allele (particu-

larly those with the short/short genotype) were at greater risk

for depression when exposed to life stressors such as divorce

or the death of a loved one than were long/long individuals.

An adverse social environment during childhood had similar

effects. In other words, short/short individuals were more

sensitive to the depression-inducing effects of social stress

than were long/long individuals. This interaction between

the 5-HTTLPR and stress extends to other phenotypes asso-

ciated with the serotonin system as well, including

post-traumatic stress disorder (Xie et al., 2009), antisocial

behavior (Li and Lee, in press), substance use (Brody et al.,

2009a), suicidality (Roy et al., 2007), sleep quality

(Brummett et al., 2007) and anxiety sensitivity (Stein et al.,

2007). The multiple phenotypes affected by this interaction

attests to the robustness of the effect. According to reviews of

the role of the 5-HTTLPR in moderating the effects of stress

upon depression, the effect is most reproducible when ob-

jective measures of stress are used (Uher and McGuffin,

2010), rather than subjective measures, for which the inter-

action has not universally replicated (Risch et al., 2009).

Clearly, further research is needed to identify the molecular,

and particularly psychological, moderators of this inter-

action effect.

One important variable potentially influencing the rela-

tionship between the 5-HTTLPR, stress and psychological

state may be the positivity of the social environment.

Thus, the association of the short allele with sensitivity to

negative events appears to be only half the story. In a study

of depressive symptomatology, when short/short individuals

had experienced more positive than negative events over the

last 6 months, they had the lowest levels of depressive symp-

tomatology in the sample (Taylor et al., 2006), indicating

that short/short individuals are more sensitive to positive

life events as well as negative ones. Subsequent research

has shown that this relationship between life events and

affect for individuals with the short/short genotype was pri-

marily driven by the social events, as the nonsocial events

were not significantly related to affect (Way and Taylor,

2010). Other groups have found heightened sensitivity to

positive social influences amongst short allele carriers as

well, which has even been documented using neurochemical

measures (Manuck et al., 2004). Thus, these results suggest

that the 5-HTTLPR moderates sensitivity to social influence

regardless of its valence.

Because short/short individuals are more sensitive to

the social realm, social support appears to be more import-

ant for maintaining their well-being. In support of this

claim, short/short individuals exposed to a natural disaster

(a hurricane) were at no higher risk for depression than

long/long individuals provided they perceived that they

had good social support (Kilpatrick et al., 2007). However,

if short/short individuals exposed to this disaster perceived

that they did not have good social support they had a 4.5

times greater risk for depression. Similarly, a randomized

control trial designed to improve nurturant and involved

parenting reduced adolescent risky behavior, but only

amongst those with the short allele (Brody et al., 2009b). A

similar differential sensitivity was seen among adolescents in

foster care. If the short/short individuals had a reliable

mentor present in their life they were at no higher risk for

depression than adolescents with the other genotypes.

However, if they did not have such support they were at a

high risk for depression (Kaufman et al., 2004). Thus, being

embedded in a richly interconnected social network, as is

present in collectivistic cultures, might be particularly im-

portant for maintaining the well-being of short/short

individuals.

The k-opioid receptor and social rejection
Another system that appears to be involved in social sensi-

tivity, particularly sensitivity to social rejection, is the opioid

system. Original evidence linking the opioid system to social

processes comes from animal studies of the drug morphine,

which acts on a receptor in the opioid system, the m-opioid

receptor. Panksepp (1998) found that low, nonsedative doses

of the physical pain-killer morphine quelled the distress of

separation from the caregiver in infants of multiple mam-

malian species (Herman and Panksepp, 1978; Panksepp

et al., 1978a, 1978b). This data indicates that the endogenous

opioid system is involved in signaling the distress of separ-

ation from conspecifics.

According to recent neuroimaging data in humans, this

role for the opioid system appears to apply to the distress

associated with the severance of a social bond in adulthood

as well. In a positron emission tomography study, women

exhibited decreased m-opioid mediated neurotransmission

when recalling the death of a loved one or the breakup of

a romantic relationship (Zubieta et al., 2003). Hence, it ap-

pears that the level of m-opioid receptor dependent signaling

within the brain is a reflection of an individual’s current

inclusion status.

In line with this hypothesis, a functional polymorphism

(A118G) in the m-opioid receptor gene was recently asso-

ciated with self-reported dispositional sensitivity to rejection

(Way et al., 2009), as measured by Mehrabian’s (1976)

Sensitivity to Rejection Scale. (The A118G polymorphism

is a slightly different type of polymorphism than the

5-HTTLPR. In this case, there is a single letter in the DNA

code that is changed, an A to a G, rather than a stretch of
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DNA that is different between the two alleles, as is the case

with the 5-HTTLPR). In particular, it was the G allele that

was associated with greater sensitivity to rejection.

Additionally, this group also assessed the relationship of

the A118G polymorphism to neural response during an

actual episode of rejection in which the participant was

excluded from an online ball-tossing game (Cyberball)

with two supposed others. Consistent with the findings

using the trait measure of sensitivity to rejection, individuals

carrying the G allele also had greater levels of neural response

to this rejection episode within multiple brain areas known

to be involved in the processing of physical pain (dorsal

anterior cingulate cortex and anterior insula). Thus, accord-

ing to both self-report and neural data, genetic variation in

the m-opioid receptor is associated with sensitivity to social

rejection.

Monoamine oxidase A and social rejection
In addition to the opioids, other neurochemical systems are

also likely to influence the experience of social rejection. One

such candidate is monoamine oxidase A (MAOA), an

enzyme that breaks down neurochemicals such as serotonin

and dopamine (Shih et al., 1999), and that is present in high

concentrations within the anterior cingulate (Ginovart et al.,

2006), a brain region closely associated with the distress of

social rejection (Eisenberger et al., 2003).

Within the gene coding for MAOA, there is a particular

form of variation (referred to as the MAOA-uVNTR) that is

associated with differences in the expression of the MAOA

gene (Sabol et al., 1998). Using the previously described

social exclusion task in the scanner (Cyberball), our group

found that the MAOA-uVNTR was associated with the

degree of exclusion-related neural activation, such that the

individuals with the low expressing alleles had the greatest

response within the portion of the anterior cingulate asso-

ciated with self-reported distress to exclusion (Eisenberger

et al., 2007).

This greater neural response to social rejection within

brain areas that positively correlate with the acute distress

of the rejection experience may be reflective of this poly-

morphism influencing sensitivity to social input in general.

In gene–environment interaction studies, exposure to abuse

or other maltreatment during childhood significantly in-

creases the likelihood of engaging in antisocial behavior in

adulthood amongst men with a low expressing allele, as first

identified in the study of Caspi et al. (2002) and confirmed

in a recent meta-analysis (Kim-Cohen et al., 2006).

Accumulating evidence indicates that the MAOA-uVNTR

also affects differential sensitivity to the environment (Belsky

et al., 2009), particularly the social environment. In five sep-

arate studies documenting the greater responsivity to nega-

tive social influences among individuals with the low

expression allele, carriers of this same allele who did not

have adverse childhood experiences had the lowest levels of

later antisocial or violent behavior (Caspi et al., 2002;

Kim-Cohen et al., 2006; Nilsson et al., 2006; Widom and

Brzustowicz, 2006; Ducci et al., 2007). Presumably,

if the degree of warmth and nurturance were assessed

(only categorical measures of the presence or absence of

maltreatment were used in these studies) even more robust

support for this polymorphism affecting sensitivity to posi-

tive social influences would be found. Recent evidence using

depression as the dependent measure supports this assertion

(Kinnally et al., 2009). Thus, like the 5-HTTLPR and A118G

polymorphisms, the MAOA-uVNTR also appears to affect

sensitivity to social experiences.

Summary
Each of these polymorphisms (5-HTTLPR, A118G,

MAOAuVNTR) appear to affect the degree to which

well-being is dependent on the quality of the social environ-

ment. Being part of a closely knit and dependable social

network appears to particularly benefit those with the puta-

tive social sensitivity forms (e.g. 5-HTTLPR short allele) of

these polymorphisms. Conversely, for those with these social

sensitivity alleles the experience of social loss can precipitate

psychopathology. Particularly for the sensitivity alleles of the

A118G and MAOA polymorphisms, it appears that the ex-

perience of being excluded from the social interactions of

others can be particularly aversive. As all of the aforemen-

tioned research has focused at level of the individual, the

question arises as to what effects might these alleles be

having on the societal level? If a population had more or

less of these alleles, might this affect the preferred forms of

social interaction?

SOCIAL SENSITIVITY ALLELES AND CULTURAL NORMS
Given that there is a higher prevalence of these putative

social sensitivity alleles in East Asian populations than in

Caucasian populations, there may be a relationship between

the relative proportion of these alleles and the predominant

cultural forms in a population. In collectivistic cultures, re-

lationships are enduring due to social ties that are reified by

mutual obligations between members of the family, clan, or

religion. These relationships are so salient that the self is

defined by them. Thus, the implicit construction of the self

in members of these cultures is inherently relational (Fiske

et al., 1998). This social construction of the self may function

akin to an implicit social support network (Kim et al., 2008)

that is likely to buffer individuals with social sensitivity al-

leles from the adverse consequences of stress and improve

life satisfaction.

In contrast, in individualistic cultures, where there is a

high degree of focus upon personal autonomy, individual

needs often supersede the needs of the group. Thus, relation-

ships can be more transitory (Adams and Plaut, 2003), which

can lead to the perception that one is not a part of a social

network. This might be particularly challenging for individ-

uals with social sensitivity alleles.
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Heightened concern of social rejection also appears to be

related to collectivism. Yamaguchi and colleagues

(Yamaguchi, 1994; Yamaguchi et al., 1995) found that

higher levels of collectivism were correlated with greater sen-

sitivity to social rejection using Mehrabian’s (1976) sensitiv-

ity to rejection scale, which is the same scale that was

associated with the A118G polymorphism (Way et al.,

2009). This greater sensitivity to cues of rejection and greater

concern over the consequences of rejection could lead to the

subjugation of self-interest for the interest of the in-group, a

hallmark of collectivism (Yamaguchi, 1994). High levels of

concern over social rejection may also encourage the reifica-

tion of social ties in order to reduce the risk of losing one’s

social network. Thus, collectivism may be more compatible

with populations possessing a high proportion of social sen-

sitivity alleles and may lead to higher levels of well-being in

such populations.

Frequency of social sensitivity alleles and
individualism–collectivism
In order to study the relationship between biological factors

and collectivism, Fincher et al. (2008) compiled a compre-

hensive database of four different measures of individual-

ism–collectivism for each nation in the world. These

measures were drawn from global surveys (Hofstede, 1980;

Gelfand et al., 2004), expert opinion (Suh et al., 1998), or

language (e.g. pronoun) usage (Kashima and Kashima,

1998). Recently, Chiao and Blizinsky (2010) surveyed the

literature for studies on the 5-HTTLPR from different coun-

tries and correlated the relative proportion of short and long

alleles in the population of each country with that country’s

individualism–collectivism score. A robust relationship was

found such that the 5-HTTLPR short allele, which we have

referred to here as a social sensitivity allele, was much more

prevalent in collectivistic populations than individualistic

populations.

Using a similar approach, we have found a robust correl-

ation (Way, B.M., Hunter, J.F., and Lieberman, M.D. manu-

script in preparation; see Supplementary Material) between

the A118G polymorphism and individualism–collectivism

(Figure 1). Again, the putative social sensitivity allele, the

G allele, was more prevalent in populations with greater

collectivism. The relationship remained significant when

per capita Gross Domestic Product was entered as a covariate

as well as when latitude, a measure of historical climate as

well as ultraviolet radiation exposure (Hancock et al., 2008),

was controlled for. Also, when cultural region (Gupta et al.,

2002) rather than nation was used as the unit of analysis, the

relationship was significant.

Although fewer countries have data on the allele frequency

of the MAOA polymorphism, there was a significant correl-

ation between allele prevalence and individualism–collectiv-

ism (Figure 2) as well. Consistent with the other two

polymorphisms, the low expression alleles were more preva-

lent in collectivistic populations. Thus, in all three cases

(5-HTTLPR, A118G, MAOA-uVNTR), the alleles hypothe-

sized to influence social sensitivity were more prevalent in

collectivistic cultures.

Across multiple genes then it appears that there is a rela-

tionship between allele frequency and cultural orientation.

As these alleles have been associated with differences in psy-

chological functioning, it suggests that incorporation of gen-

etic variability into models of cross-cultural psychological

differences may help elucidate the mechanisms underlying

these differences. Unfortunately, African countries were

under-represented in these analyses, making it difficult to

determine if the relationship between genotype and cultural

orientation exists only among non-African populations or

across all populations.

Fig. 1 Correlation between the proportion of the population with the G allele of the A118G polymorphism and individualism-collectivism [Suh et al., 1998; r(26)¼ 0.65,
P < 0.001]; higher scores represent greater individualism and lower collectivism.
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National differences in the lifetime prevalence of
major depression
These data also raise a fundamental question concerning the

nature of the relationship between allele frequency and

cultural orientation. In line with the social sensitivity hy-

pothesis, a potential explanation for this relationship

is that collectivism improves emotional well-being in popu-

lations with a high prevalence of social sensitivity alleles.

One measure of well-being that has been studied in many

of the countries with genetic data as well as individual-

ism–collectivism data is depression. Therefore, national

differences in the lifetime prevalence of depression may

serve as one means of addressing the inter-relationship be-

tween social orientation, genotype and psychological state.

In addition, at the genetic level, there is good reason to

suspect that the polymorphisms discussed here may be asso-

ciated with depression. The serotonin transporter and

monoamine oxidase are targets of the two most commonly

prescribed classes of antidepressants, selective serotonin re-

uptake inhibitors (e.g. Prozac) and monoamine oxidase in-

hibitors (e.g. Nardil), respectively. Agonists of the m-opioid

receptor also have antidepressant effects (Berrocoso et al.,

2009).

In order to systematically compare levels of major depres-

sive disorder across different countries, data were drawn

from studies in the literature using diagnostic criteria from

the third (American Psychiatric Association, 1980) or fourth

edition (American Psychiatric Association, 1994) of the diag-

nostic and statistical manual for mental disorders (DSM).

Although DSM criteria were derived according to Western

cultural definitions of depression, and may not be sensitive

to culturally specific symptoms (e.g. Kleinman, 1982), they

offer good reliability across samples (Kessler et al., 2007).

Only data from studies with large (e.g. n > 2000), nationally

representative samples using interview-based diagnoses were

included, which slightly reduced the size of the sample for

analysis. The focus was on lifetime prevalence of major

depression rather than the number of major depressive epi-

sodes in the last year due to variability associated with po-

tential adverse events in this latter measure.

There was a negative relationship between the national

prevalence of the G allele and depression (Figure 3) such

that countries with a higher prevalence of the G allele in

the population had lower levels of depression. A similar re-

lationship was found for both the MAOA-uVNTR (Figure 4)

and the 5-HTTLPR (Chiao and Blizinsky, 2010). Because

individualism–collectivism was significantly correlated

with the lifetime prevalence of depression, a mediation ana-

lysis was performed. For the A118G polymorphism, indi-

vidualism–collectivism partially mediated the relationship

between G allele frequency and depression. The mediation

analysis for the MAOA-uVNTR was not significant, poten-

tially due to a reduced sample size. This suggests that the

reduced lifetime prevalence of depression in populations

with a high prevalence of social sensitivity alleles may

be due to the increased levels of collectivism in those

populations.

Such an interpretation is consistent with individuals of

East Asian descent living in the USA suffering higher levels

of major depression than Asians living in Asia when using

the same diagnostic criteria (Chang, 2002). Greater accultur-

ation of Chinese immigrants to the USA is also associated

with greater vulnerability to the depressogenic effects of

stress than less acculturated immigrants (Hwang and

Myers, 2007). Similarly, foreign-born Latino’s, another col-

lectivist group, experience lower rates of depression than do

Latino’s born in the USA (Escobar, 1998). This increase in

psychopathology following relocating to an individualistic

culture among members of ethnic groups with a high pro-

portion of social sensitivity alleles extends to other pheno-

types such as social anxiety (Okazaki, 1997) and subclinical

depression (Tafarodi and Smith, 2001). This greater risk of

psychopathology is also likely to extend to other phenotypes

associated with the opioid and serotonin systems for which

Fig. 2 Correlation between the proportion of the population with low expression alleles of the MAOA-uVNTR polymorphism and individualism-collectivism [Suh et al., 1998;
r(13)¼ 0.67, P < 0.05]; higher scores represent greater individualism and lower collectivism.
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there is less available data, such as antisocial behavior and

substance abuse. Taken together, these studies support the

notion that collectivism can protect against psychopathology

in populations with a high proportion of social sensitivity

alleles.

SOCIAL SENSITIVITY ALLELES AND
INDIVIDUALISM–COLLECTIVISM
A weakness of the correlational approach used here is the

degree to which this pattern of results could occur as a result

of random processes such as genetic drift (fluctuations in

allele frequency due to chance; Keinan et al., 2007). At the

present time, an insufficient number of the countries from

this correlation are represented in the genetic databases [e.g.

HapMap (International HapMap Consortium, 2005) and

Human Genome Diversity Panel (Li et al., 2008)] to deter-

mine if the present results are significantly different from the

frequency distribution of randomly selected alleles from

representatives of each of these countries. If the relationship

between social orientation and genotype remains significant

once underlying random genetic variation due to demog-

raphy is controlled, it would suggest that there were selective

pressures whereby the presence of a particular culture increa-

sed the frequency of alleles that ‘fit’ this culture. Thus, indi-

viduals or groups with a greater innate proclivity to

collectivist organization would have had greater fitness, caus-

ing these alleles to increase in frequency in collectivist cul-

tures. Conversely, in individualistic cultures there may have

been selective pressures decreasing the prevalence of social

sensitivity alleles.

Alternatively, if the correlation is not demonstrated to be

significantly different from background genetic variation, it

would suggest that genetic selection at these loci is not the

explanation for the correlation. Rather, it would suggest that

collectivism was ‘stickier’, representing a better fit in popu-

lations with a high proportion of putative social sensitivity

Fig. 4 Relationship between the proportion of the population with low expression alleles of the MAOA-uVNTR polymorphism and lifetime prevalence of major depression in each
country [r(11)¼ 0.83, P < 0.01].

Fig. 3 Relationship between the proportion of the population with G allele of the A118G polymorphism and lifetime prevalence of major depression in each country
[r(18)¼ 0.45, P¼ 0.05].
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alleles (Lieberman, 2009). In other words, the psychological

and behavioral tendencies associated with collectivism may

have been more likely to have been adopted and transmitted

in populations with a higher prevalence of such social sen-

sitivity alleles. Psychologically, the more integrated social

network characteristic of collectivistic cultures may have

reduced the risk for psychopathology in these populations

due to the high prevalence of sensitivity alleles. Similarly,

individualism may have represented a better fit for popula-

tions with a low proportion of social sensitivity alleles

where less reactivity to social rejection or exclusion would

have been beneficial. This would be consistent with theories

of gene–culture interaction that posit there are genetic influ-

ences creating psychological predispositions that favor

the adoption of particular cultural content in a process of

biased transmission (Richerson and Boyd, 2005; Henrich

and McElreath, 2007). Thus in the first of these two ac-

counts, culture would provide a pressure on genetic selection

and in the second, preexisting gene distributions would pro-

vide a pressure on the kinds of cultures likely to emerge.

Ultimately, other methodologies will be necessary for

clarifying the relationship between allele frequency, culture

and measures of well-being like depressive symptomatology.

One approach would be to incorporate genotyping into

epidemiological studies of immigrants to each respective

culture. For example, is greater cultural assimilation

among East Asian immigrants to North America associated

with higher risk for psychopathology in individuals with

social sensitivity alleles? Conversely, does greater accultur-

ation of Caucasian immigrants to East Asian cultures

confer greater protection against psychopathology in indi-

viduals with social sensitivity alleles? Such studies would

extend the cultural fit hypothesis (Ward and Chang, 1997;

Caldwell-Harris and Aycicegi, 2006) from the psychological

level to the genetic level. According to this hypothesis, psy-

chological adjustment is highest when an individual’s

personality profile and cultural orientation are similar to

their cultural milieu. In other words, if this hypothesis

were evaluated at the genetic level, individuals with a high

proportion of social sensitivity alleles would be expected to

have higher well-being in collectivistic cultural environ-

ments, while individuals with a low proportion of social

sensitivity alleles would be expected to have higher

well-being in individualistic cultural environments.

Unfortunately, in most prior studies of acculturation cul-

tural background and genotype have been confounded.

The data presented here suggest that genotyping participants

in such studies may help to clarify the nature of the inter-

action between culture, genetics and psychopathology.

In conclusion, there exists a robust relationship between

the cultural construct individualism–collectivism and the

prevalence of alleles at several polymorphisms with apparent

psychological effects. As the knowledge base of the relation-

ship between genetics and social cognition grows, there will

be great refinement in our understanding of the relationship

between psychological processes and genetic variation,

including the variants discussed here. We hope that the

this data will stimulate further theoretical developments as

well as experimental studies that will ultimately shed new

light onto processes that lie at the heart of cultural

psychology.
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