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Recent evidence suggests that the association between oxytocin receptor polymorphism (OXTR rs53576) and emotion-related behavioral/psychological
tendencies differs between individuals from East Asian and Western cultures. What remains unresolved is which specific dimension of cultural orien-
tations interacts with OXTR rs53576 to shape these tendencies and whether such gene� culture interactions occurs at both behavioral and neural level.
This study investigated whether and how OXTR rs53576 interacts with interdependence�a key dimension of cultural orientations that distinguish
between East Asian and Western cultures�to affect human empathy that underlies altruistic motivation and prosocial behavior. Experiment 1 measured
interdependence, empathy trait and OXTR rs53576 genotypes of 1536 Chinese participants. Hierarchical regression analyses revealed a stronger
association between interdependence and empathy trait in G allele carriers compared with A/A homozygotes of OXTR rs53576. Experiment 2 measured
neural responses to others� suffering by scanning A/A and G/G homozygous of OXTR rs53576 using functional magnetic resonance imaging.
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The gene–culture interaction model aims to explain the process in
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self-construal scores in the L/L than S/S homozygotes of the

5-HTTLPR among Chinese. These results illustrate an interaction be-

tween a specific genetic polymorphism and a cultural trait among

individuals from the same cultural group but did not demonstrate

gene� culture interactions on both behavioral/psychological tenden-

cies and brain activity.

In this study, Experiment 1 measured self-construals using the Self-

Construal Scale (Singelis, 1994) and empathy trait using the
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Stimuli and procedure

Stimuli used during fMRI scanning consisted of 48 video clips that

showed six Asian models (three males and three females) and six

Caucasian models, adopted from our previous work (Xu et al.,

2009). Asian and Caucasian models were used in order to examine

OXTR rs53576� interdependence interaction on neural responses to

racial ingroup and outgroup members. However, the whole-brain hier-

archical regression analyses did not show significant OXTR

rs53576� interdependence interaction on neural responses to

Caucasian faces. Thus, we only reported the results related to Asian

faces in the result session. There were four video clips for each model

in which he/she received painful (needle penetration) or non-painful

(Q-tip touch) stimuli applied to the left or right cheeks while showing

neutral expressions. Each clip lasted for 3 s and subtended a visual

angle of 218� 178 (width� height) at a viewing distance of 80 cm.

After each video clip participants were asked to indicate whether or

not the model was feeling pain by a button press using the right index

or middle finger.

There were four functional scans and each scan consisted of 12 video

clips of Asian models that were presented in a random order. Half of

the video clips showed painful stimuli and half showed non-painful

stimuli. There was a 9 s interstimulus interval between two successive

clips during which participants fixated on a central cross. The last

video clip in each scan was followed by a 12 s fixation. After scanning,

participants viewed all the video clips again outside the scanner and
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effect (Table S5). Taken together, the results of Experiment 1 indicate

that there is a significant association between interdependence and the

empathy trait and this association is significantly moderated by OXTR

rs53576. G/G homozygotes showed stronger link between interdepend-

ence and empathy trait than A allele carriers of OXTR rs53576.

Experiment 2: neuroimaging investigation

Experiment 2 recruited 30 G/G individuals and 30 A/A individuals

(Table S6) for functional brain imaging. During scanning both geno-

type groups identified painful and non-painful stimuli with high ac-

curacy (>90%). Rating scores of pain intensity and self-unpleasantness

obtained after scanning were higher for painful than non-painful sti-

muli [F(1,58)¼ 580.63 and 198.40, P’s < 0.001], but did not differ be-

tween G/G and A/A groups (F’s < 1, Table S7). G/G homozygotes

showed significant association between the rating scores of inter-

dependence and IRI (r¼ 0.479, P < 0.01), whereas A/A homozygotes

did not (r¼ 0.067, P > 0.7). Similarly, the interdependent scores were

correlated with the rating scores of perspective taking and empathic

concern subscales of the IRI in G/G but not A/A individuals (perspec-

tive taking: G/G: r¼ 0.676, P < 0.001; A/A: r¼ 0.029, P > 0.8; empathic

concern: G/G: r¼ 0.504, P < 0.01; A/A: r¼ 0.196, P > 0.3).

The whole-brain hierarchical regression analysis of the fMRI data

first revealed significant OXTR rs53576� interdependence interaction

on empathic neural responses (in the contrast of painful vs non-painful

stimuli applied to Asian models) in the bilateral insula, bilateral amyg-

dala and bilateral superior temporal cortex (Table 1 and Figure 2),

indicating that OXTR rs53576 moderated the association between

interdependence and empathic neural responses activity in these

brain regions. Post hoc whole-brain regression analyses confirmed sig-

nificant associations between interdependence and empathic neural

responses in these brain regions in G/G but not A/A carriers. G/G

carriers with higher interdependence showed stronger activation in

the bilateral insula (left: �38/�4/�6, r¼ 0.730, P < 0.001; right: 40/

12/�10, r¼ 0.661, P < 0.001), bilateral amygdala (left: �24/�6/�14,

r¼ 0.659, P < 0.001; right: 26/�12/�24, r¼ 0.724, P < 0.001) and bilat-

eral STG (left: �42/�28/8, r¼ 0.504, P < 0.01; right: x/y/z¼ 50/�14/6,

r¼ 0.490, P < 0.01). No significant correlation between

Fig. 1 Illustrations of the results in Experiment 1. (A) The association between IRI total score and interdependence in the variants of OXTR rs53576. (B) The association between the score of perspective taking
subscale and interdependence in the variants of OXTR rs53576. (C) The association between the score of empathy concern subscale and interdependence in the variants of OXTR rs53576. The bar chart in the
right column illustrates the mean scores of empathy measures in the high and low interdependence groups.

Table 1 Brain activations shown in the moderation analyses of the contrast of painful vs
non-painful in Experiment 2

MNIcoordinates

Brain region Cluster size t-value x y z

Right amygdala 612 5.17 26 �12 �24
Left amygdala 2063 4.88 �24 �6 �14
Left insula 4.69 �38 �4 �6
Right insula 1201 4.81 40 12 �10
Left STG 238 3.98 �42 �28 8
Right STG 103 3.75 50 �14 6
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interdependence and empathic neural responses was observed in A/A

carriers (P
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has shown evidence for the link between emotional empathy and per-

ceptions of self in relation to others (Cialdini et al., 1997; Burris and

Rempel, 2012), a greater sense of self-other overlap is coupled with

stronger empathy concern of others. Recent neuroimaging findings

further demonstrate a causal relationship between self-construal and

empathy such that self-construal priming that temporarily shifted

interdependence/independence resulted in modulations of empathic

neural responses to others’ suffering (Jiang et al., 2014; Wang et al.,

2015). Moreover, how self-construal priming modulates empathic

neural responses depends on participants’ chronic cultural

experiences (Jiang et al., 2014) and perceived intergroup relationship

between observers and targets (Wang et al., 2015). The current findings

broaden our understanding of the relationship between self-construal

and empathy by showing that the interconnection between the two

core components of social cognition, i.e. self-construal and empathy,

is constrained by one’s genetic makeup. Thus OXTR rs53576 not only

shapes behavioral/dispositional empathy (Rodrigues et al., 2009) and

empathic neural responses (Luo et al., 2015) but also moderates the

relationship between different psychological traits (e.g. self-construal

and empathy) that underlie ones’ social ability.

Interestingly, the interaction between interdependence and OXTR

rs53576 was evident mainly in the brain regions related to emotion

(e.g. the insula, amygdala and STG). This is different from the

findings of our recent work that examined the interaction between

interdependence and 5-HTTLPR during a self-referential task (Ma

et al., 2014c). In this study, short/short (s/s) or long/long (l/l) vari-

ants of the 5-HTTLPR were scanned during reflection of personal

attributes of oneself and one’s mother. It was found that l/l but not

s/s genotype group showed significant association between self-

construals and activity in brain regions related to both cognitive

and affective processes such as the MPFC, bilateral middle frontal

cortex, TPJ, insula and hippocampus during reflection on mental

attributes of oneself and mother. Therefore, the interaction between

cultural orientations and genes may shape neural activities under-

lying social cognition in multiple nodes of the social brain network.

However, emotional or cognitive tasks used during brain imaging

may influence which brain regions are susceptible to the effects of

gene� culture interplay.

The previous studies recruited two cultural groups and investigated

group-level gene–culture interactions on behavioral/psychological ten-

dencies by examining cross-group discrepancy in cultural traits

between different genotypes (Kim et al., 2010a,b, 2011; Ishii et al.,

2014; Kitayama et al., 2014). This work, however, illustrated the inter-
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oxytocin effect was more salient in individuals with collectivistic (vs

individualistic) orientations. Future research should seek additional

evidence for the constraints of cultural orientations on oxytocin effects

on human behavior and related social/affective processes.

Finally, most of the previous cultural neuroscience studies focused

on cultural effects or gene� culture interaction on brain activity. There

has been little research on the contribution of brain–gene relations to

our understanding of culture. Our findings suggest that our genetic

background may restrain whether and how brain activity underlying

cognitive/affective processing is associated with our cultural orienta-
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