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Perceived threat from outgroups is a consistent social-environmental antecedent of intergroup bias (i.e. prejudice, ingroup favoritism). The serotonin
transporter gene polymorphism (5-HTTLPR) has been associated with individual variations in sensitivity to context, particularly stressful and threatening
situations. Here, we examined how 5-HTTLPR and environmental factors signaling potential outgroup threat dynamically interact to shape intergroup
bias. Across two studies, we provide novel evidence for a gene–environment interaction on the acquisition of intergroup bias and prejudice. Greater
exposure to signals of outgroup threat, such as negative prior contact with outgroups and perceived danger from the social environment, were more
predictive of intergroup bias among participants possessing at least one short allele (vs two long alleles) of 5-HTTLPR. Furthermore, this gene x
environment interaction was observed for biases directed at diverse ethnic and arbitrarily-defined outgroups across measures reflecting intergroup
biases in evaluation and discriminatory behavior. These findings reveal a candidate genetic mechanism for the acquisition of intergroup bias, and
suggest that intergroup bias is dually inherited and transmitted through the interplay of social (i.e. contextual cues of outgroup threat) and biological
mechanisms (i.e. genetic sensitivity toward threatening contexts) that regulate perceived intergroup threats.
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INTRODUCTION

Intergroup bias, which manifests as prejudice toward outgroups and/or

favoritism for one’s ingroup, produces pernicious social ills, such as

the systematic deprivation of rights and opportunities, victimization

and violence. While intergroup bias may be widely transmitted and

inherited through cultural mechanisms, through stereotypes, socializa-

tion and the media (Allport, 1954; Dixon, 2008; Weisbuch et al., 2009)

wide inter-individual variation in intergroup bias have also been

observed (Livingston and Drwecki, 2007; Sibely and Duckitt, 2008).

Individual differences associated with intergroup bias may be regu-

lated by individual variations in biological mechanisms, such as hor-

mones (De Dreu et al., 2010, 2011) and fertility cycles (Navarrete et al.,

2009). Notably, like many individual differences, propensity to report

attitudes reflecting intergroup bias has been associated with significant

levels of genetic heritability, with heritability indices ranging from 0.34

to 0.55, based on twin study research (Tesser, 1993; Olson et al., 2001;

Lewis and Bates, 2010). These findings suggest that (i) intergroup bias

may have a genetically-regulated component and (ii) non-genetic envir-

onmental influences may also contribute significantly to intergroup bias.

Despite the value of prior evidence from twin studies on the herit-

ability of intergroup attitudes, the specific genes and associated endo-

phenotypes that may regulate intergroup bias remains unknown.

Identifying specific candidate genetic and environmental mechanisms

that contribute to the acquisition and transmission of intergroup bias

provides novel promise for developing comprehensive gene-

by-environmental models for understanding how intergroup bias is

inherited, transmitted, perpetuated and could potentially be reduced

(Chiao et al., 2012, 2013).

Genes that regulate sensitivity and reactivity to threatening contexts

may serve as promising candidate genes influencing the acquisition of

intergroup bias. The experience of threat and its associated psycho-

logical states, such as anxiety, fear, uncertainty, vigilance and risk, have

been implicated as consistent antecedents of intergroup bias for both

dispositional and contextual/environmental models of intergroup bias.

For instance, social cues and experiences that heighten perceptions of

outgroups as a source of threat have been reported as contextual ante-

cedents of prejudice and ingroup favoritism (Stephan and Stephan,

2000; Riek et al., 2006; Neuberg et al., 2011). This relationship between

perceived outgroup threat and intergroup bias has been observed

across diverse domains and manifestations of potential outgroup

threat that converge upon subjective experiences of anxiety, fear or

uncertainty. Such outgroup threats include competition for resources

and opportunities (LeVine and Campbell, 1972; Esses et al., 2001),

danger or harm (Schaller et al., 2003), symbolic or value threats

(Sears, 1988; Greenberg and Kosloff, 2008) or pathogenic infection

threats (Schaller and Park, 2011). Likewise, individual differences

and personality dispositions predictive of intergroup bias typically re-

flect inter-individual variations in sensitivity or tolerance of threat and

uncertainty. Compared to those exhibiting more tolerant personalities,

individuals with more ‘prejudiced personalities’ (see Allport, 1954)

typically exhibit greater levels of sensitivity to fear conditioning

(Livingston and Drwecki, 2007), right-wing authoritarianism, which

is associated with personal insecurity (Altemeyer, 1988; Van Hiel et al.,

2004), heightened susceptibility to infection (Navarrete et al., 2007),

and intolerance of ambiguity, uncertainty and unpredictability

(Altemeyer, 1988; Kruglanski et al., 2006; Sibely and Duckitt, 2008).

Given the central role of the subjective experience of threat in inter-

group bias, we propose that a functional polymorphism, 5-HTTLPR, of

the serotonin transporter gene (SLC6A4) may act as a genetic mech-

anism facilitating the acquisition of intergroup bias in the presence of

outgroup threat. The polymorphism is represented by two allele vari-

ants, short (S) or long (L), reflecting the length of the promoter region

of SLC6A4, which influences the regulation of serotonergic neurotrans-

mission. The less transcriptionally efficient S-allele of the
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polymorphism is associated with higher concentrations of serotonin

remaining in the synaptic cleft compared to the more efficient L-allele,

and this difference in the reuptake of serotonin has been associated

with variations in affective processing based on genotype (Canli and

Lesch, 2007). Behavioral genetics has implicated this polymorphism in

a number of anxiety and threat-relevant outcomes. Specifically, those

possessing at least one copy of the S-allele (S/S and S/L) tend to exhibit

a psychological phenotypic profile of heightened sensitivity and re-

activity to threatening contexts and stimuli, evidenced by greater pro-

pensities for anxiety, vigilance, fear conditioning, risk aversion and

collectivistic values (Canli and Lesch, 2007; Crisan et al., 2009;

Kuhnen and Chiao, 2009; Lonsdorf et al., 2009; Chiao and Blizinsky,

2010; Caspi et al., 2010). People who carry the S-allele also exhibit

greater reactivity to fear-relevant stimuli in the amygdala (Hariri

et al., 2002; Munafo et al., 2008), a brain structure previously asso-

ciated with negative implicit racial biases (Phelps et al., 2000;

Cunningham et al., 2004).

Importantly, 5-HTTLPR has been implicated in gene� environment

interactions for anxiety and stress-related outcomes. Most notably,

those carrying the S-allele of 5-HTTLPR, who may be disposed to

greater contextual sensitivity, tend to exhibit greater symptomatology

of anxiety and depressive disorders with heightened exposure to

threatening and stressful events (see Capsi et al., 2010; Karg et al.,

2011). Yet, recent evidence suggests that possessing the S-allele of

5-HTTLPR may not only confer greater levels of anxiety in response

to stressful or adverse environments in a unidirectional manner, but

may also promote more positive affective and behavioral outcomes in

the absence of adverse experiences or in the presence of relatively

positive environmental influences (van Ijzendoorn et al., 2012). For

instance, magnitude of stressful life events (SLE) has been positively

associated with greater levels of neuroticism among S-allele carriers,

such that S-allele carriers exhibit greater levels of neuroticism com-

pared with L/L-allele carriers when experiencing high SLEs, but also

exhibit lower levels of neuroticism compared with L/L-allele carriers

when experiencing low SLEs (Pluess et al., 2010; Kuepper et al., 2012).

Yet, in these studies, there was an absence of a relationship between

SLEs and neuroticism among L/L-allele carriers. Together, these find-

ings suggest that 5-HTTLPR may reflect a differential susceptibility or

plasticity to the presence (or absence) of environmental threats and

stressors, such that S-allele carriers, compared to those with two L-

alleles, may exhibit greater or lower levels of threat-related psycho-

logical outcomes in response to negative or positive environments,

respectively.

Similarly, we predicted a gene� environment interaction for inter-

group bias and prejudice, such that greater exposure to signals of

outgroup threat would be especially predictive of intergroup bias

among individuals carrying one or two copies of the S-allele. One

well-studied environmental moderator of intergroup bias is the quality

of prior contact one has experienced with outgroup members. Greater

quality of prior contact has been associated with greater levels of inter-

group tolerance (see Pettigrew and Tropp, 2006), though negative

quality of intergroup contact may be a particularly strong determinant

of negative intergroup attitudes and prejudice (Barlow et al., 2012).

Thus, we predicted that among people possessing the S-allele, exposure

to negative or threatening intergroup contact with a group will be

especially predictive of bias against that group.

Another critical moderator associated with the broader environment

is one’s subjective perception and expectation of threat and danger

from the social environment. Though particular outgroups are asso-

ciated with danger, such groups may be evaluated especially negatively

among individuals who maintain internal working models or active

expectations about the possibility of being victimized or exploited by

others. Indeed, individuals who believe the social world is full of

danger typically exhibit greater biases toward threat-cuing groups

(Schaller et al., 2003; Miller et al., 2010). For instance, Miller et al.

(2010) revealed that belief in a dangerous world interacted with heigh-

tened situational fear to shape White participants’ tendency of rating

racially ambiguous targets that cue threat (i.e. having angry faces) as

outgroup members (i.e. Black rather than White). Similarly, we pre-

dicted that perceptions of a dangerous world will be predictive of

biases against groups specifically associated with threat to a greater

extent among people carrying the S-allele compared with those carry-

ing two L-alleles.

Overall, support for these hypotheses would reveal: (i) for the first

time, to our knowledge, specific genetic–environment mechanisms for

the acquisition and transmission of intergroup bias and prejudice1 and

(ii) that intergroup bias is transmitted and inherited through the con-

vergence of social influences (i.e. negative intergroup contact) and

genetic mechanisms that may regulate and heighten subjective percep-

tions of threat.

Rather than 5-HTTLPR and environmental factors independently

influencing intergroup bias, genotype may alternatively predispose in-

dividuals to experience more negative intergroup contact or dangerous

perceptions of the environment, which may ultimately shape inter-

group bias. Such gene–environment correlations (see Scarr and

McCartney, 1983) may be an alternative mechanism in which genetic

and environmental influences shape intergroup bias, and will be tested

by examining whether 5-HTTLPR genotype is associated with vari-

ations in prior quality of intergroup contact and beliefs in a dangerous

world.

STUDY 1

Participants and procedure

We recruited 116 Caucasian-American participants (73 females; Age

M¼ 22.42, s.d.¼ 9.66) to complete measures of intergroup bias toward

a variety of outgroups, quality of prior intergroup contact and belief in

a dangerous world.2 As a measure of evaluative biases, participants

completed feeling thermometer ratings (0–100) reflecting global evalu-

ations of target groups. A range of target groups were included to

reflect the ingroup (i.e. White Americans), ethnic groups associated

with danger and threat (i.e. Blacks, Arabs), an ethnic group typically

unassociated with danger (i.e. Asian-Americans), a non-ethnic group

associated with danger (i.e. people with schizophrenia) and ethnic

groups for whom prominent stereotypes may not be available in

American culture (i.e. Bangladeshis, Singaporeans). Feeling thermom-

eter ratings for each outgroup was subtracted from the ingroup (White

Americans) to produce an index of evaluative intergroup bias toward

each outgroup. To verify the extent to which target groups were asso-

ciated with threat, participants completed semantic differential ratings

of threat-relevant traits (i.e. dangerous-safe, immoral-moral, dishonest-

honest, etc.) associated with each target group. Participants rated their

level of global quality of prior contact with each of these groups on a

seven-point scale (‘very positive’ to ‘very negative’). Similar one-item

measures of global quality of intergroup contact have been predictive

of intergroup bias in prior research (see Pettigrew and Tropp, 2006;

Barlow et al., 2012). Participants also completed the Belief in a

Dangerous World Scale (BDW; Altemeyer, 1988), and the Attitude

Towards Blacks Scale (ATB; Brigham, 1993), as an additional measure

of evaluative and discriminatory biases toward Blacks.

1 One exception is that Forbes et al. (2011) have shown genetic influences on gender biases among brain lesion

samples.
2 Due to logistical constraints, 24 participants did not complete measures pertaining to Arab targets (feel therm-

ometer, semantic differential, quality of contact), and 21 of these same participants did not complete the ATB Scale

and BDW Scale. One additional participant did not complete the BDW Scale.
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Saliva samples were collected using Oragene Saliva DNA Self-

Collection Kits (DNA Genotek). DNA extraction and 5-HTTLPR gen-

otyping were conducted by ACGT, Inc. (Wheeling, IL). All saliva DNA

samples were genotyped in one batch after the completion of data

collection for Studies 1 and 2. DNA was extracted from each kit

using the Oragene DNA purification reagent as per manufacturer’s

instructions. DNA concentrations were evaluated using spectroscopy

(NanoDrop Technologies, USA). Each DNA sample was PCR

amplified for the 5HTT repeat region target with the forward primer

(50-GCCAGCACCTAACCCCTAAT-30) labeled with 6-FAM

(6-carboxyfluorescein) and a reverse primer (50-GAGGGACTGA

GCTGGACAACCAC-30). A PCR of 20 ml consisting of 1.5 ml of gen-

omic DNA from the test sample, PCR buffer, 1 mM each of forward

and reverse primers, 10 mM deoxyribonucleotides, KapaTaq polymer-

ase and 50 mM MgCl2 was performed using a 7900 thermocycler

(Applied Biosystems Inc.). Water was included in each assay as a nega-

tive control. Cycling conditions included an initial 15 min denatur-

ation at 958C, and 35 cycles of 948C (30 s), 608C (60 s), 728C
(60 s), and a final extension of 728C for 10 min. PCRs were genotyped

with an ABI 3730xl Genetic Analyzer (Applied Biosystems Inc.) and

normalized with GeneScan 600 LIZ (Applied Biosystems, Inc.) size

standards run on each sample. The genotype data was analyzed

using GeneMapper ID (Applied Biosystems, Inc.).

Results

The distribution of genotypes for the 5-HTTLPR polymorphism con-

sisted of 71 participants in the S-group (S/S and S/L genotypes) and 45

participants in the L/L-group (Table 1). Genotype distributions were in

Hardy–Weinberg Equilibrium (�2
¼ 2.86, n.s.).

There were no significant main effects of 5-HTTLPR genotype on

measures of intergroup bias or prior quality of contact with any group,

or BDW scores (P’s > 0.10).

Gene–environment interactions between 5-HTTLPR and prior qual-

ity of contact on intergroup bias were tested using multiple regression.

Genotype (dummy coded: 0¼ L/L, 1¼ S/S and S/L), standardized

quality of contact with a specific outgroup and their interaction

term were used to predict intergroup bias toward the respective out-

group. Separate models were tested for each target outgroup. As

hypothesized, a pattern of gene–environment interactions on inter-

group bias was observed. The 5-HTTLPR genotype and quality of

prior contact with a group significantly interacted to influence inter-

group biases toward Blacks and Arabs, and also toward Singaporeans

and Bangladeshis, despite the lack of prominent stereotypes toward

these two groups (Table 2). There were no significant interactions

between genotype and quality of contact on biases toward Asian-

Americans or people with schizophrenia.

For each of the measures reflecting a significant gene–environment

interaction, simple slopes analysis (Aiken and West, 1991) was used to

test whether the relationship between outgroup quality of contact and

intergroup bias against the outgroup was significantly stronger among

the S-group compared with the L/L-group for each of the target

outgroups for whom a significant or marginally significant

5-HTTLPR-contact interaction was observed (Figure 1).3 Simple

slopes (�’) analyses revealed that for the S-group, negative prior con-

tact with a specific outgroup was significantly associated with inter-

group biases against the respective outgroup (ATB: �’¼ 0.46,

P < 0.001; Black evaluative bias: �’¼ 9.13, P < 0.001; Arab evaluative

bias: �’¼ 10.64, P < 0.001; Singaporean evaluative bias: �’¼ 7.76,

P < 0.001; Bangladeshi evaluative bias: �’¼ 8.29, P < 0.001). Yet, for

the L/L-group, the analyses revealed that negative contact with a spe-

cific outgroup were more weakly related to intergroup bias, or not

significantly related (ATB: �’¼�0.09, n.s.; Black evaluative bias:

�’¼ 3.79, P¼ 0.097; Arab evaluative bias: �’¼ 0.97, n.s.; Singaporean

evaluative bias: �’¼ 0.19, n.s.; Bangladeshi evaluative bias: �’¼ 2.16,

n.s.). These analyses also revealed a pattern suggesting that while the

presence of negative quality of contact was related to more intergroup

biases among the S-group (compared with the L/L-group), low levels

of negative contact (or higher of positive contact) was related to less

intergroup biases among the S-group (compared with the L/L-group).

To determine whether the relationship between quality of contact

and intergroup bias is stronger among the S-allele group broadly across

all outgroups rather than for individual outgroups, correlations be-

tween contact and measures of bias for each outgroup were aggregated

into a summary correlation coefficient. Each correlation coefficient of

contact and bias toward an outgroup was transformed into its respect-

ive Fisher’s exact Z value, and was weighted according to the variance

of each Z value. These values were averaged among the S- and

L/L-group before being converted into the respective Pearson correl-

ation coefficient that reflects a single summary correlation coefficient

of the relationship between quality of contact and intergroup bias

across all outgroups for the S- and L/L-groups. Among the L/L-

group, the summary estimate of the correlation between negative

prior contact and intergroup bias toward all groups was significant,

r¼ 0.21, P¼ 0.0004, 95% confidence interval (CI) [0.10–0.33]. Among

the S-group, the summary estimate of the correlation was greater,

r¼ 0.44, P < 0.0001, 95% CI [0.37–0.52]. Consistent with meta-

Table 1 Distribution of participants based on genotype and gender

Full sample Males Females

Study 1
L/L-group 45 16 29
S-group 71 27 44

Study 2
L/L-group 24 9 15
S-group 39 14 25

Table 2 Correlation between measures of intergroup bias and prior quality of contact
with target outgroups as a function of 5-HTTLPR genotype, and statistics for tests of
genotype-contact interactions. Greater values for contact reflect more negative quality
of prior contact, and greater values for intergroup bias measures reflect greater levels of
intergroup bias toward the target group. *P < 0.05, **P < 0.005

Measure of intergroup
bias

S-group L/L-group Model F and P Interaction � and P

ATB r¼ 0.52** r¼�0.11 F¼ 7.67, P < 0.001 �¼ 0.55, P¼ 0.003
Black bias r¼ 0.51** r¼ 0.33* F¼ 10.89, P < 0.001 �¼ 5.34, P¼ 0.06
Asian-American bias r¼ 0.44** r¼ 0.44** F¼ 9.31, P < 0.001 �¼�2.17, n.s.
Arab bias r¼ 0.50** r¼ 0.04 F¼ 6.53, P < 0.001 �¼ 9.67, P¼ 0.06
Singaporean bias r¼ 0.42** r¼ 0.01 F¼ 5.11, P¼ 0.002 �¼ 7.57, P¼ 0.02
Bangladeshi bias r¼ 0.47** r¼ 0.12 F¼ 6.56, P < 0.001 �¼ 6.14, P¼ 0.08
Schizophrenic bias r¼ 0.26* r¼ 0.48** F¼ 5.37, P¼ 0.002 �¼�7.31, n.s.

3 Some of the genotype� quality of contact interactions included data points simultaneously reflecting extremely

high negative prior contact and high intergroup bias (i.e. for ATB and Arab Evaluative Biases) (Figure 1). When

these data points are excluded from analysis, the interaction on the respective measure of intergroup bias is no

longer significant. But these data points were included in the analysis since: (i) there is no indication they represent

erroneous responses; (ii) they conform to the broader trend of the data within the graph (positive association

between negative contact and intergroup bias), as well as the same trends observed in the accompanying graphs;

(iii) they are consistent with findings from prior research on intergroup contact (i.e. those who experienced

extremely negative contact with an outgroup are expected to harbor more extreme biases against that group); and

(iv) given the sample size within the S-group and L/L-group, the removal of any data points is likely to attenuate

sensitivity for detecting effects.
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analyses summarizing the relationship between prior contact and inter-

group bias (see Pettigrew and Tropp, 2006; Barlow et al., 2012), our

findings suggest an overall significant relationship between negative

quality of contact and intergroup bias regardless of 5-HTTLPR geno-

type. Yet, this general relationship between prior contact and inter-

group bias is stronger among the S-group, supporting the notion that

S-allele carriers may exhibit greater plasticity in intergroup bias in

response to the presence or absence of environmental threats.

Interactions between 5-HTTLPR and BDW on intergroup bias to-

ward threatening groups were similarly tested. An analysis of variance

revealed that the groups varied in semantic differential ratings, F(3,

267)¼ 56.40, P < 0.001, such that the ingroup (White-Americans) was

rated less threatening than all other groups, P < 0.01, except Asian-

Americans. Arabs and people with schizophrenia were associated

with the most threat-relevant attributes compared with any other

group, P’s < 0.05. Thus, interactions between 5-HTTLPR and BDW

were tested for biases against Arabs and people with schizophrenia

by regressing measures of intergroup bias toward these groups on

dummy-coded genotype, standardized BDW and their interaction

term. Interactions of 5-HTTLPR and BDW were observed for inter-

group biases toward Arabs, F(3, 87)¼ 2.44, P¼ 0.07, �¼ 8.13,

P¼ 0.09, and people with schizophrenia, F(3, 90)¼ 2.27, P¼ 0.09,

�¼ 9.78, P¼ 0.07 (Figure 2). Simple slopes analyses revealed that for

the S-group, higher BDW was associated with greater biases against

Arabs, �’¼ 8.17, P¼ 0.008, and greater biases against people with

schizophrenia, �’¼ 8.53, P¼ 0.01. Yet, among the L/L-group, there

was no significant relationship between BDW and intergroup biases

against Arabs, �’¼ 0.04, n.s., or people with schizophrenia, �’¼ -1.25,

n.s. There were no significant genotype�BDW interactions on bias

toward any other group, n.s.

Study 1 discussion

Support for our hypotheses provides novel evidence for the following

conclusions: (i) 5-HTTLPR may represent a candidate genetic mech-

anism influencing the acquisition of intergroup bias. (ii) Intergroup

bias may be regulated by gene� environment interactions, in which

those with heightened genetically modulated susceptibility or plasticity

to threat may exhibit heightened intergroup bias when exposed to

social cues and experiences signaling outgroup threat, yet also exhibit

lower levels of intergroup bias when exposed to relatively more positive

signals from outgroups.

Though these results provide initial support of our hypotheses, there

are some limitations. First, while these findings demonstrate a novel

association between the serotonin transporter gene and evaluative

intergroup bias, they do not necessarily generalize to a genetic contri-

bution to intergroup bias in behavior, such as discrimination. Second,

Study 1 measured the role of recollected past intergroup contact on

intergroup bias, without situating participants within actual intergroup

contexts. Finally, given the relatively limited sample size, a conceptual

replication would further confirm the validity of the proposed

gene� environment interaction on intergroup bias.

STUDY 2

To remedy these concerns, a second study was conducted that em-

ployed a minimal group paradigm (MGP; Tajfel et al., 1971) to expose

participants to members of novel, arbitrarily defined outgroups.

Because minimal groups are arbitrary in nature, there are no preexist-

ing stereotypes, biases or histories of contact with these groups. Thus,

participants’ acquisition of biases toward these groups can be exam-

ined by introducing opportunities for threatening interactions with the

Fig. 1 Interactions of 5-HTTLPR genotype and quality of contact with outgroups on intergroup bias. For each of the comparisons below, a genotype x quality of contact interaction was observed, such that
greater negative quality of prior contact with an outgroup was more predictive of intergroup bias among the S-group compared with the L/L-group. Negative contact (x-axis) is represented in Z-score values.
Dots reflect participant scatter plot data. Lines reflect simple slopes for the interactions at low (�1 s.d.) and high (þ1 s.d.) levels of negative contact.
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groups without contaminating influences from preexisting experiences

and stereotypes associated with the groups. To examine whether

5-HTTLPR may modulate the acquisition of intergroup bias against

threatening outgroups, participants in Study 2 were exposed to inter-

actions with members of two minimal groups (threatening and non-

threatening), before discriminatory behaviors toward these groups

were measured. Participants from Study 1 were re-recruited for

Study 2, since their genotypes were already known and measures of

moderating variables (i.e. BDW, prior outgroup contact) had already

been collected.

We predicted an interaction between 5-HTTLPR and BDW on

discriminatory behavior, such that BDW will be predictive of discrim-

ination selectively toward a minimal group associated with threatening

characteristics to a greater extent among the S-group relative to

the L/L-group. This finding would conceptually replicate the

genotype�BDW interactions on selective biases against real out-

groups that are associated with threat (i.e. Arabs and schizophrenics)

observed in Study 1, but using a novel group constructed during the

experiment to elicit associations of threat. Additionally, we also sought

to test a replication of the interaction between 5-HTTLPR and prior

contact with outgroups measured in Study 1 (i.e. ethnic outgroups and

people with schizophrenia) on new measures of intergroup bias assess-

ing social distance toward these groups administered in Study 2.

Participants and procedure

Sixty-three participants from Study 1 returned to complete Study 2

(40 females; Age M¼ 19.53, s.d.¼ 1.29). There were no significant

differences in 5-HTTLPR allele frequencies or on any measures of

intergroup bias measured in Study 1 between those who did and did

not return for Study 2, P’s > 0.10.

Participants were ostensibly assigned to one of three minimal groups

based on their preferences for randomly generated inkblot patterns,

and provided instructions for the Trust Game (Berg et al., 1995).

Participants were informed they would be playing the game with os-

tensible members of the two minimal outgroups via a computer net-

work. Participants were assigned to play as the investor (first-mover)

for every round of the Trust Game and that points earned across the

rounds by players would be used as raffle entries for gift certificates.

Importantly, participants were also informed that those assigned to be

investors and receivers (the second mover position) would be drawing

from separate raffles, to minimize potential competitive mindsets

among the participants toward the receivers or beliefs that being gen-

erous may undermine the participants’ own probability of winning

raffles.

The Trust Game was modified in this experiment to serve as a

manipulation of outgroup threat. Participants played eight rounds

with members from each of the two minimal outgroups in a rando-

mized order, interacting with a new player every round. In each round,

participants were shown a label identifying the group the other player

belongs to, as well as an individual player number. To reduce potential

confusion about players from the two outgroups, the player numbers

for the two outgroups did not overlap. In each round, participants

decided how to split 10 points with receiver. The points ‘invested’ in

the receiver were tripled, and the ostensible receiver then decided how

much of the tripled amount to return to the participant. Exposure to

signals of potential outgroup threat was simulated by manipulating

how members of each outgroup played the Trust Game. While mem-

bers of the non-threatening outgroup generally returned around

40–55% of the participants’ tripled investment and never defected

with the participants’ investments, members of the threatening out-

group played in a less predictable and more untrustworthy manner,

defecting with all of the participants’ investments during four of the

eight rounds to elicit feelings of threat and betrayal. On the non-de-

fecting rounds, behaviors of the threatening outgroup resembled the

non-threatening group.

Following all 16 rounds of the game, participants completed two

separate resource allocation matrices, in which they decided how to

split 10 bonus points between a member of their ingroup and a novel

member of the threatening group, and between another member of

their ingroup and a novel member of the non-threatening group.

Neither of the outgroup members involved in the decisions to split

bonus points had been encountered during the trust game. Participants

also completed semantic differential scales to measure associations of

threat (e.g. risky-safe, untrustworthy-trustworthy, dishonest-honest, etc.)

with the threatening and non-threatening outgroup. Finally, two sur-

veys of desired social distance from ethnic outgroups (Wolsko et al.,

Fig. 2 Interactions of 5-HTTLPR genotype and BDW on intergroup bias. Higher BDW was more predictive of intergroup bias among the S-group compared with the L/L-group. This gene x environment
interaction was selectively observed only for attitudes toward the two groups rated to be the most threatening (Arabs and people with schizophrenia). BDW (x-axis) is represented in Z-score values. Dots reflect
participant scatter plot data. Lines reflect simple slopes for the interactions at low (�1 s.d.) and high (þ1 s.d.) levels of BDW.
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2006) and people with schizophrenia (Link et al., 1999) were included

to further replicate the relationship between quality of contact and

intergroup bias observed in Study 1, using new measures of intergroup

bias reflecting avoidance and social distance.

Results

The sample composition based on genotype is outlined in Table 1.

Genotype distributions were in Hardy–Weinberg Equilibrium

(X2
¼ 2.21, n.s.).

As expected, the threatening group was perceived as being more

threatening than both the ingroup, t(59)¼ 6.33, P < 0.001, and the

non-threatening group, t(59)¼ 4.89, P < 0.001, on semantic differen-

tial ratings.

To test the interaction of genotype and BDW on discriminatory

behaviors toward the threatening outgroup, allocation decisions to-

ward the threatening outgroup were regressed on 5-HTTLPR genotype

(dummy coded), standardized BDW scores from Study 1 and their

interaction term. Consistent with the findings of Study 1, there was

a significant interaction of BDW and 5-HTTLPR on intergroup bias,

F(3, 58)¼ 3.05, P¼ 0.04, R2
¼ 0.14, �¼ 2.46, P¼ 0.009 (Figure 3).

Simple slopes analyses revealed that for the S-group, greater BDW

was associated with allocating fewer points to a novel member of the

threatening group relative to an ingroup member, �’¼ 1.61, P¼ 0.008.

Conversely, for those with the L/L genotype, BDW was not associated

with allocations decisions, �’¼�0.85, n.s. Testing an identical model

for allocation decisions for a member of the non-threatening group did

not yield a significant interaction of genotype and BDW, F(3,

58)¼ 1.09, n.s., R2
¼ 0.05, �¼ 0.13, n.s.

Since the ethnic social distance scale (Wolsko et al., 2006) measures

responses toward ‘ethnic groups’ rather than a specific group, partici-

pants’ ratings of prior negative contact with ethnic outgroups from

Study 1 (i.e. Blacks, Arabs, Asian-Americans, Singaporeans,

Bangladeshis) were averaged to form a composite of negative quality

of prior ethnic intergroup contact. Social distance scores were re-

gressed on this composite, genotype and their interaction term.

Similarly, social distance from schizophrenia scores were regressed

on Study 1 schizophrenia contact scores, genotype and their inter-

action term. Though the interaction terms for these models did not

reach significance, an overall pattern consistent with Study 1 was

observed, such that among the S-group, more negative prior contact

was predictive of greater desire for social distance from ethnic out-

groups, r(37)¼ 0.35, P¼ 0.03, and people with schizophrenia,

r(37)¼ 0.48, P¼ 0.002., but among the L/L-group, prior contact was

not associated with social distance from ethnic outgroups,

r(21)¼ 0.11, n.s., or people with schizophrenia, r(21)¼ 0.22, n.s.

Discussion

Overall, the results of Study 2 supports and extends the findings of

Study 1 by demonstrating that 5-HTTLPR interacts with perceived or

expected threat from one’s social environment to facilitate the acqui-

sition of intergroup bias among S-allele carriers. Importantly, this

gene � environment interaction was observed even within a minimal

group context in which participants of both genotype groups encoun-

tered identical cues of outgroup threat and no prior expectations about

the outgroups existed. Analogous to Study 1, 5-HTTLPR and percep-

tions of a threatening social environment moderated bias directed spe-

cifically toward a novel individual from a minimal group that

participants associated with threat. Importantly, these biases were ex-

pressed through discriminatory behaviors that would have negative

consequences on the outcomes and opportunities of their targets,

though our resource allocation measure did not allow us to determine

whether discrimination was motivated by ingroup favoritism or

outgroup derogation. Further supporting and extending Study 1’s

findings, the relationship between negative prior intergroup contact

with real groups and heightened intergroup bias among the S-group

was again observed, but on measures of outgroup avoidance. One

reason that the 5-HTTLPR� genotype interaction for these measures

of social distance may not have reached statistical significance, despite

exhibiting a pattern of results similar to Study 1, may be due to the

smaller sample size of the participants who returned to complete Study

2.

The design of Study 2 also offers some potential insights into the

role of BDW in its interaction with 5-HTTLPR genotype on discrim-

inatory bias. Though the threatening outgroup consisted of a mix of

trustworthy and untrustworthy players on the Trust Game, discrimin-

ation was measured specifically toward a single new member of this

outgroup who was not encountered in the Trust Game. Thus, whether

this target should be considered and treated as untrustworthy, or trea-

ted comparably with an ingroup member may have been ambiguous to

participants. Miller et al. (2010) identified that those with greater levels

of BDW who experienced heightened fear were more likely categorize

ambiguous targets that cue threat as outgroup members. Similarly, in

our study, internal expectations about exploitation or harm from

others (BDW) and possessing the S-allele may interact to contribute

to whether a novel member of the threatening group is disambiguated

as threatening, and ultimately subjected to discrimination. Though the

current studies demonstrate that 5-HTTLPR genotype and perceptions

of threat from others may predict intergroup bias, investigating

whether this interaction also affects more fundamental processes

involved in group categorization would be a promising topic for

future inquiry.

GENERAL DISCUSSION

Together, our findings provide direct and novel evidence that inter-

group bias in evaluation, desire for avoidance and discriminatory

behavior is a result of the interaction of both genetic and environmen-

tal mechanisms. While perceived threat, anxiety and uncertainty asso-

ciated with outgroups are often sources of intergroup bias, individuals

genetically predisposed to heightened sensitivity and reactivity to these

Fig. 3 Interaction of 5-HTTLPR and BDW on intergroup bias in Study 2. BDW was associated with
greater resource allocations favoring a member of the ingroup relative to a novel member of the
threatening group for only the S-group, but not the L/L-group. Allocation decision (y-axis) reflects
surplus points distributed to the ingroup member over the outgroup member (zero reflects an equal
distribution). BDW (x-axis) is represented in Z-score values. Dots reflect participant scatter plot data.
Lines reflect simple slopes for the interactions at low (�1 s.d.) and high (þ1 s.d.) levels of BDW.
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experiences may develop intergroup bias more readily when exposed to

intergroup threat cues.

One potential alternative mechanism for these findings is that the

S-group may be more likely to encounter situations signaling outgroup

threat, or predisposed to interpreting non-threatening or ambiguous

intergroup interactions as threatening. These gene–environment

correlations were not supported by our findings since we observed

no difference in quality of prior contact or perceptions of a dangerous

world as a function of genotype. Moreover, Study 2 exposed partici-

pants to identical signals of outgroup threat in the minimal group

context, yet produced different patterns of intergroup bias as a func-

tion of genotype. Our findings suggest that the S-group may appraise

or react to cues of outgroup threat differently when they are encoun-

tered, rather than experiencing a greater likelihood of encountering or

provoking such cues from the social environment. Yet given the im-

portant role that personality and individual differences play on shaping

how individuals navigate their social environment, and how others

may respond to such traits (see Scarr and McCartney, 1983; Funder,

1991), future studies should not dismiss the potential role of

gene–environment correlations on group processes.

Despite the relationship between 5-HTTLPR and intergroup bias in

our studies, the serotonin transporter gene should not be conceptua-

lized as a gene for intergroup bias or the ‘prejudice gene’, given the

likely contribution of multiple genetic mechanisms to intergroup bias,

and the diverse phenotypes and outcomes associated with 5-HTTLPR.

Furthermore, the relationship between 5-HTTLPR and intergroup bias

emerges only after sufficient exposure to experiences that signal out-

group members as a potential source of threat. Moreover, S-allele car-

riers may exhibit the lowest levels of intergroup bias in the absence of

clear signals of outgroup threat. Our findings suggest that heightened

intergroup bias is not a direct or fixed psychological phenotype of

5-HTTLPR genotype. Rather, 5-HTTLPR may have an indirect effect

on intergroup bias by influencing more basic processes unrelated to

intergroup evaluation. Such processes may include the modulation of

physiological and neurobiological mechanisms underlying affective

conditioning and emotion-based learning (Lonsdorf et al., 2009;

Klucken et al., 2012a,b) or attention to contextual emotional cues,

which has downstream psychological consequences on how cues of

outgroup threat are processed, as well as their motivational salience.

Our findings are consistent with prior work suggesting that the S-allele

is not always deterministic of negative psychological outcomes, and

that the supposed ‘deficits’ associated with the S-allele may facilitate

adaptive responses to contextual demands (see Homberg and Lesch,

2011; van Ijzendoorn et al., 2012). Finally, the label of being prejudiced

is a highly stigmatizing mark in multicultural societies. Framing the S-

allele as a genetic marker for prejudice poses the risk of portraying and

stigmatizing S-allele carriers as incorrigible and essentialized bigots.

The present findings lend support to the general notion that

5-HTTLPR genotype may be associated with differential susceptibility

to environmental influences (van Ijzendoorn et al., 2012), but critically

extends these findings to understanding plasticity of intergroup bias.

For instance, in Study 2, S-allele carriers who expect low levels of harm

and exploitation from others (i.e. low BDW) were most likely to pro-

vide an equal split of resources between an ingroup member and novel

member of the threatening group. Those with genetically predisposed

sensitivity to environmental influences who chronically perceive the

world as relatively stable, secure and full of trustworthy people may

be more likely to give ‘the benefit of the doubt’ and fair treatment to a

novel individual, even if he or she shares group membership with

others who are deemed untrustworthy or threatening. One promising

avenue of future research examining the relationship between

5-HTTLPR and intergroup bias may be examining whether interven-

tions or methodologies to reduce prejudice and intergroup bias, such

as exposure to positive outgroup exemplars (see Plant et al., 2009),

may be asymmetrically more efficacious among S-allele carriers.

Another important question to address may be determining what

types of interventions and social experiences may be especially effective

for eliciting changes in intergroup biases among those possessing two

L-alleles, who may exhibit lower levels of plasticity of intergroup bias

in response to social cues and experiences.

Though intergroup attitudes may exhibit moderate to high levels of

heritability through genes (Tesser, 1993; Olson et al., 2001; Lewis and

Bates, 2010), the present findings reveal that the biological inheritance

of the propensity for intergroup bias may result from the transmission

of genetic mechanisms that regulate the processing of threat. Likewise,

intergroup bias may be transmitted culturally through shared social

environments and cultural messages that portray or cue outgroups as a

source of threat. Consequently, inter-individual and cross-situational

variations in intergroup bias may be determined by the joint contri-

butions of these dual mechanisms for the cultural and genetic inher-

itance/transmission of intergroup threat perceptions.
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