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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

rated the intensity of pain experienced by each model (‘How painful

do you think the model feels?’) and their own unpleasantness asso-

ciated with the stimuli (‘How unpleasant do you feel when observing

the video clip?’, 1¼ not at all painful or unpleasant, 10¼ extremely

painful or unpleasant). Participants also completed the IRI scale

(Davis, 1994), Self-Construal Scale (Singelis, 1994), Self-Esteem

(Rosenberg, 1965) and Subjective Social and Economic Status Scale

(Kilpatrick and Cantril, 1960), respectively.

fMRI imaging data acquisition

Brain images were acquired using 3.0 Tesla Siemens Trio at the Beijing

MRI Center for Brain Research. Blood oxygen level dependent gradient

echo planar images were obtained using a 12-channel head coil

[64� 64� 32 matrix with 3.44� 3.44� 5.0 mm spatial resolution,

repetition time (TR)¼ 2000 ms, echo time (TE)¼ 30 ms, flip

angle¼ 908, field of view¼ 24� 24 cm] while participants performed

trait judgments. A high-resolution T1-weighted structural image

(256� 256� 144 matrix with a spatial resolution of 1� 1�

1.33 mm, TR¼ 2530 ms, TE¼ 3.37 ms, inversion time¼ 1100 ms, flip

angle¼ 78) was subsequently acquired.

fMRI data analysis

The functional imaging data were analyzed by using the general linear

model for event-related designs in SPM8 (the Wellcome Trust Centre

for Neuroimaging, London, UK). In order to compensate for delays

associated with acquisition time differences between slices during

the sequential imaging, functional data were first time-corrected.

Functional images were then realigned to the first scan to correct

for head motion between scans. All images were then spatially normal-

ized to the Montreal Neurological Institute (MNI) template and

resampled to obtain images with a voxel size of 2� 2� 2 mm.

Functional images were smoothed using a Gaussian filter with the

full-width/half-maximum parameter set to 8 mm. The event-related

neural activity was modeled using a canonical hemodynamic response

function.

Fixed effect analyses were first performed to estimate effects at each

voxel and to compare regionally specific effects in each individual

participant using linear contrasts. To define pain specific neural acti-

vations, the contrast of painful vs non-painful stimuli was calculated.

We then conducted a whole-brain hierarchical regression analysis to

examine the interaction between OXTR rs53576 genotype and inter-

dependence on the neural activity in response to others’ suffering. We

first normalized the independent variable (IV) (interdependence) and

the covariate variable (genotype). Genotype group was coded as a di-

chotomous dummy variable in which 0 represented A/A carriers and 1

represented G/G carriers. The interactions between interdependence

and genotype were calculated by multiplying the normalized variables

together (Aiken and West, 1991). Normalized interdependence (IV),

genotype (moderator) and their interactions were entered as regressors

into the SPM multiple regression analysis along with each participant’s

contrast image of painful vs non-painful. Brain activities covaried with

the interaction of genotype and interdependence indicated significant

interaction of interdependence and OXTR rs53576 on the brain activ-

ities. Significant brain activations covaried with the interaction of

interdependence and OXTR rs53576 were identified using a threshold

of P < 0.05 (False discovery rate (FDR) corrected for multiple compari-

sons). Simple regression analyses were also conducted for each geno-

type group to further examine the relationship between

interdependence and neural responses to other’s suffering.

RESULTS

Experiment 1: behavioral investigation

Experiment 1 recruited 1536 participants (see Table S1 for related

demographic information). IRI and interdependence scores were

matched among the three genotype groups (Table S2). The hierarchical

regression analyses first confirmed that the interaction of OXTR

rs53576 genotype and interdependence reliably predicted participants’

IRI score (Table S3). Separate analyses revealed significant correlations

between Interdependence and IRI scores in all three genotype groups

(G/G: �¼ 0.368, R2
¼ 0.135, P < 0.001; G/A: �¼ 0.258, R2

¼ 0.067,

P < 0.001; A/A: �¼ 0.150, R2
0.067, R
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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

http://scan.oxfordjournals.org/lookup/suppl/doi:10.1093/scan/nsv019/-/DC1
http://scan.oxfordjournals.org/lookup/suppl/doi:10.1093/scan/nsv019/-/DC1
http://scan.oxfordjournals.org/lookup/suppl/doi:10.1093/scan/nsv019/-/DC1
http://scan.oxfordjournals.org/


interdependence and empathic neural responses was observed in A/A

carriers (P’s > 0.05).

To assess the functional association of the observed brain activations

in G/G carriers, we conducted multiple regression analyses to inspect

which subcomponents of empathy trait predict empathic neural re-

sponses in the brain regions that were modulated by the OXTR

rs53576� interdependence interaction. The contrast values of painful

vs non-painful stimuli were extracted from the brain region shown in

Table 1. The mean contrast values of the brain regions in the left and

right hemisphere were then entered into the regression analyses. It was

found that the empathic concern score was a significant predictor of

the insular activity (empathic concern: � ¼ 0.469, P < 0.05; perspective

taking: � ¼ 0.185, P > 0.2), whereas the perspective taking score was a

significant predictor of the amygdala and STG activity (amygdala: em-

pathic concern: � ¼ 0.154, P > 0.3; perspective taking: � ¼ 0.564,

P < 0.005; STG: empathic concern: � ¼ �0.038, P > 0.8; perspective

taking: � ¼ 0.434, P < 0.05).

DISCUSSION

The gene–culture interaction model that concerns the interplay be-

tween gene and culture interaction on behavioral/psychological ten-

dencies (Kim and Sasaki, 2014) has been tested mainly by comparing

genotype differences in behavioral/psychological predispositions be-

tween individuals from two cultural groups such as American vs

Koreans (Kim et al., 2010a,b, 2011) and American vs Japanese (Ishii

et al., 2014). Because multiple cognitive and affective processes are

different between East Asian and Western cultures, it is essential to

elucidate the specific cultural trait that plays a key role in interactions

with genetic factors. This study investigated whether and how OXTR

rs53576 interacts with a cultural orientation, i.e. interdependence, to

shape human empathy and the underlying neural correlates.

Experiment 1 showed behavioral evidence for stronger coupling be-

tween interdependence and empathy traits in G allele carriers of OXTR

rs53576 compared with A/A homozygotes. Although recent research

reported that the cultural difference in interdependence is more pro-

nounced for a specific genetic polymorphisms (e.g. DRD4, Kitayama

et al., 2014), the interdependence measures were matched in the three

variants of OXTR rs53576 in our samples. Thus, the interaction be-

tween interdependence and OXTR rs53576 observed in our study

cannot be attributed to genotype differences in self-construals between

G and A allele carriers. Our findings demonstrate that interdependent

self-construals, that have been attested to distinguish between East

Asian and Western cultures (Markus and Kitayama, 1991; Li et al.,

2006; Ma et al., 2014a), interplay with OXTR rs53576 to shape

empathy.

Consistent with the behavioral results in Experiment 1, Experiment

2 revealed reliable correlation between interdependence and neural

activity in the insula, amygdala and STG in responses to

perceived pain in others in G/G but not A/A homozygotes of OXTR

rs53576. This provides the first neuroimaging evidence that

OXTR rs53576 interacts with interdependence to modulate empathic

neural responses. Together, the results of Experiments 1 and 2 dem-

onstrate that the interaction between interdependence and OXTR

rs53576 on empathy occurs in both behavioral/psychological tendency

and neural correlates of empathy. Our fMRI results further suggest that

the empathic neural responses in these brain regions are associated

with different aspects of empathy traits because, in G/G homozygotes,

individuals’ ability of empathic concern predicted the insular activity

and individuals’ ability of perspective taking predicted the amygdala/

STG activity in responses to others’ suffering. These are consistent with

the previous neuroimaging findings that suggest that the insula is

engaged in an affective–perceptual form of empathy when participants

observe others in pain and are unaware of the goal of the experiments

(Fan et al., 2011). The amygdala is activated by perceived pain in

others when participants are required to taking others’ perspective

by imaging themselves to be in the same situation (Lamm
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