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 The dopamine D4 receptor gene (DRD4) is associated with novelty-seeking and risk-
taking behaviors that have had an adaptive value in the history of human migration. It also plays 
a role in moderating the extent to which people adhere to cultural norms and practices. The aim 
of this study was to replicate previous findings about how DRD4 polymorphism interacts with 
cultural differences in social orientation, which revealed Westerners’ emphasis on independence 
and East Asians’ emphasis on interdependence. Testing Japanese and European Canadian 
undergraduates (n = 784), we succeeded in replicating these previous findings: the Canadian 
students were more independent, whereas the Japanese students were more interdependent. 
However, none of the interaction effects between culture and DRD4 were significant. 
Implications for candidate gene research investigating gene–environment and gene–culture 
interactions are discussed. 
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 Dopamine is an important neurotransmitter that controls various functions, including 
locomotor activity, cognition, emotion, appetitive and motivational behaviors, and endocrine 
regulation. DRD4, one of the five subtypes of dopamine receptors that have been identified and 
characterized, is abundant in the frontal lobe and is linked to novelty- seeking and impulsive 
behaviors (Benjamin et al., 1996; Ebstein et al., 1996). The DRD4 gene has several 
polymorphisms, including 48 base-pair variable number tandem repeat (VNTR) polymorphism in 
exon 3 with 2 to 11 repeat units (Ding et al., 2002). The most frequent VNTR alleles are 2-, 4-, 
and 7-repeats. Compared with individuals with the 4R allele, individuals with the 7R and 2R 
alleles are more likely to exhibit greater sensitivity to rewards (Nikolova et al., 2011), increased 
novelty-seeking (Ebstein et al., 1996), and a greater risk-taking tendency (Kuhnen & Chiao, 
2009). 
 There are regional variations in the allelic frequency of DRD4 polymorphism among 
populations. The most common allele is the 4R, which can be found across all regions of the 
world; the next most common is the 7R allele, which is quite common in Americans but rare in 
East and South Asians; the third most common is the 2R allele, which is quite common in East 
and South Asians but rare in Americans (Chang et al., 1996). Chen et al. (1999) demonstrated 
that these variations are related to migration history. The proportion of the 7R allele was 
positively associated with migratory distances. Also, it was higher in nomadic populations than 
in sedentary populations (see also Eisenberg et al., 2008). The association between the 7R 
allele and migration distance was also supported by Matthews and Butler (2011) that performed 
a strict test controlling neutral genetic processes. Chen et al. (1999) proposed that the 7R allele, 
which is linked to greater novelty-seeking, exploratory impulses, and risk-taking tendencies, was 
eventually selected by migration because its associated behaviors were adaptive for unfamiliar 
environments. Moreover, the behavioral tendencies were also more adaptive and selected in 
nomadic groups, which were often faced with challenging environments, than in settled groups 
that primarily practiced agriculture. This proposal is in line with the idea of gene–culture co-
evolution (Richerson & Boyd, 2008), which similarly holds that behavioral traits such as novelty- 
seeking, exploratory impulses, and risk-taking tendencies are adaptive to the challenging 
environments that migration entails, which may have led to the genetic selection of the 7R allele 
for the migration process. 
 In addition, Kitayama et al. (2016) have recently suggested that a factor that initially 
differentiated East and West in terms of culture was the former’s history of farming rice versus 
the latter’s history of farming wheat, two forms of agriculture that differ in their respective 
emphases on interdependence fostered by intense cooperation and coordination; the authors 
argued that dopaminergic system genes may play a significant role in establishing the cultural 
norms that facilitate these forms of subsistence through reinforcement-based learning. Given 
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that a history of rice farming makes cultures more collectivistic and interdependent whereas a 
history of wheat farming makes cultures more individualistic and independent (Talhelm et al., 
2014), dopaminergic system genes may be associated with the extent to which people adhere 
to cultural norms that emphasize interdependence versus those that emphasize independence. 
Kitayama et al. (2014) asked European Americans and East Asians to report their independent 
and interdependent orientations on multiple scales and showed that cultural differences in 
independent versus interdependent orientation were more pronounced in those carrying either 
2R or 7R alleles of DRD4 polymorphism than those having neither the 2R nor 7R allele (the 
cultural differences in independent vs. interdependent orientation disappeared in those having 
neither the 2R nor 7R allele). 
 The findings of Kitayama et al. (2014) are in line with both the concept of gene–
environment interaction, which holds that individuals’ susceptibility to the environment is 
moderated by genetic variation (Belsky et al., 2007, 2009; Obradović & Boyce, 2009; Way & 
Taylor, 2010), and that of gene–culture interaction, which expands on the gene–environment 
interaction framework to include cultural norms and practices as components of the environment 
(Kim & Sasaki, 2014; Sasaki & Kim, 2017). In this context, individuals who carry the 7R and 2R 
alleles of DRD4 polymorphism are more environmentally susceptible than noncarriers 
(Bakermans-Kranenburg & van IJzendoorn, 2006; Sasaki et al., 2013). 
 To corroborate the association they earlier identified between dopaminergic system 
genes and cultural acquisition, Kitayama et al. further demonstrated that (a) interdependent self-
construal was inversely associated with the gray-matter volume of the orbitofrontal cortex (OFC) 
and the medial prefrontal cortex (mPFC; Kitayama et al., 2017; Yu et al., 2019); (b) cultural 
differences in the-gray matter volume of prefrontal regions, including OFC and mPFC, were 
moderated by DRD4, with cultural difference emphasized more in 7R-/2R-allele carriers than in 
7R-/2R-allele noncarriers (Yu et al., 2019); and (c) the gray-matter volume of the 
temporoparietal junction (TPJ), which is associated with perspective-taking, was greater among 
East Asians than European Americans, and that cultural difference was emphasized more in 
7R-/2R-allele carriers than in 7R-/2R-allele noncarriers (Kitayama et al., 2020). 
Taken together, DRD4 polymorphism moderated cultural differences in the gray- matter volume 
of brain regions, which are associated with the extent to which individuals adhere to cultural 
values. However, its moderation of cultural differences in independent versus interdependent 
orientation has not been fully examined after Kitayama et al. (2014). Given that research on 
gene–environment interaction using candidate genes has been criticized for its limited statistical 
power due to relatively small sample size and small effect size (Duncan & Keller, 2011) and 
increasing concern about the replicability of findings (Jern et al., 2017), an attempt to replicate 
the findings of Kitayama et al. (2014) with a larger sample size would be worth investigating.1 
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 In the present study, we investigated the interplay of culture and DRD4 polymorphism in 
cultural orientation (i.e., independence vs. interdependence). Kitayama et al. (2014) tested 
about 200 students of European ancestry who were born and raised in the United States, and 
about 200 East Asian students who were born in an East Asian country and had spent no more 
than 10 years in the United States. They administered a series of questionnaires and focused 
on the following scales related to cultural orientation: for independence, the independent 
subscale of the self-construal scale (Singelis, 1994), the general self-efficacy scale (Schwarzer 
et al., 1999), the self-esteem scale (Rosenberg, 1965), and the value of expression 
questionnaire (Kim & Sherman, 2007); and for interdependence, the interdependent subscale of 
the self-construal scale (Singelis, 1994) and the analysis-holism scale (Choi et al., 2007). 
 In this study, we analyzed data about Japanese and Canadian students (about 800 data 
in total) as part of an exploratory cross-cultural project that sought to investigate how cultures 
and genes would interact in the manifestation of various psychological tendencies, including 
self, personality traits, emotion, cognition, and interpersonal behaviors (see Ishii et al., 2021, 
and Matsunaga et al., 2018, for some of the results regarding gene–culture interaction in this 
project). Therefore, the scales used in this study were not identical to those in Kitayama et al. 
(2014), although measures of self- construal, self-esteem, and holistic thinking were included 
and analyzed, as described in the method section. We also included the measures of the 
behavioral inhibition system/behavioral activation system (BIS/BAS) and the Big Five 
personality traits. Given cultural differences in approach/avoidance motivations (Hamamura et 
al., 2009), it can be expected that Japanese would show higher scores of BIS than Canadians, 
whereas Canadians would show higher scores of BAS than Japanese. A recent study testing 
American and Japanese nonstudent adults found cultural differences in BIS/BAS consistent with 
this expectation (Chuang et al., 2021). Based on the results of a large- scale survey of the Big 
Five traits across 56 nations (Schmitt et al., 2007), extraversion, openness to experience, 
agreeableness, and conscientiousness would be lower in Japanese than in Canadians, whereas 
the trend would be reversed in the case of neuroticism. In addition to the cultural differences in 
BIS/BAS and the Big Five traits, given a positive association between the 7R and 2R alleles of 
DRD4 and novelty-seeking (Benjamin et al., 1996; Ebstein et al., 1996), some effects of DRD4 
polymorphism on BIS/BAS and the Big Five traits (particularly, extraversion) might be expected. 
Moreover, it has been unclear whether the expected cultural differences in BIS/BAS and the Big 
Five traits are moderated by DRD4 polymorphism. Thus, we included the measures of BIS/BAS 
and the Big Five traits to replicate the cultural differences and exploratorily investigate the 
effects of DRD4 polymorphism. 
 Additionally, the testing sites and languages used differed between the two studies: 
Kitayama et al. (2014) tested European Americans and East Asians in an American university by 
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administering the questionnaires in English, whereas in this study, we tested European 
Canadians in a Canadian university and Japanese in a Japanese university by administering the 
questionnaires in their native languages (i.e., English for Canadians, Japanese for Japanese). 
Given the influence of host cultures and languages on self- construal, self-esteem, and thinking 
style (Kitayama et al., 1997, 2003; Ross et al., 2002), the results for East Asian participants in 
Kitayama et al. (2014) might be influenced by the participants’ daily communication and 
practices within an American culture and should thus be interpreted with caution. Furthermore, 
because this study was conducted with a larger sample size than that of Kitayama et al. (2014), 
it can be read as a stricter and more statistically stable test on the moderation effect of DRD4 
polymorphism on cultural differences in social orientation. If the moderation effect is adequately 
strong, European Canadians’ emphasis on independence and Japanese’ emphasis on 
interdependence would be more pronounced for 7R-/2R-allele carriers than for 7R-/2R-allele 
noncarriers. 

METHOD 

Participants and Procedures 
 This study involved the participation of 416 Japanese undergraduates at Kobe University 
(217 females and 198 males, one unidentified; Mage = 19.47, SD = 1.24) and 368 European 
Canadian undergraduates at the University of Alberta (248 females and 119 males, one 
unidentified; Mage = 19.46, SD = 2.17) who were recruited through a psychology subject pool at 
each institution. According to a power analysis with G*Power 3.1, we needed at least 674 
participants to detect a small/medium effect size (f = .15), which was computed on the basis of 
effect size (ηp2 = .024) regarding the culture and DRD4 interaction reported by Kitayama et al. 
(2014), with 95% power for an F-test (fixed effects analysis of variance [ANOVA]), when the 
significance level was set to 0.025 (= 0.05/2 tested hypotheses [the main effect of culture and its 
interaction with DRD4]). The ethics committees at Kobe University and the University of Alberta 
approved this research. The participants provided a written informed consent at the beginning of 
the study. All responses were confidential. 
 We administered questionnaires to the Japanese and Canadian participants on a wide 
range of topics, such as self, emotion, cognition, and interpersonal behaviors. Measures used 
were translated and back- translated between Japanese and English to ensure cross-cultural 
equivalence. The following measures were relevant to this research. 
Independence and interdependence. We used a 20-item self-construal scale that Park and 
Kitayama (2014) developed by selecting items from Singelis (1994) and Takata (1999), broken 
down into 10 items regarding independent self-construal (e.g., “I always try to have my own 
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opinions.”) and 10 items regarding interdependent self-construal (e.g., “I am concerned about 
what people think of me.”). Participants were presented with each item and rated their 
agreement on a 7-point scale (1 = strongly disagree, 7 = strongly agree). This scale is 
conceptually identical to the Singelis (1994) self-construal scale used by Kitayama et al. (2014). 
For independent self-construal, Cronbach’s α was .72 for Japanese and .71 for Canadians; for 
interdependent self-construal, Cronbach’s α was .67 for Japanese and .60 for Canadians. 
 Dialectical thinking. We assessed the participants’ dialectical self by using a 32-item 
dialectical self scale (Spencer-Rodgers et al., 2001), which included such statements as “When 
I hear two sides of an argument, I often agree with both. Participants were presented with each 
item and rated their agreement on a 7-point scale (1 = strongly disagree, 7 = strongly agree). 
The dialectical self scale is one of the representative scales to measure Easterners and 
Westerners’ ways of thinking as well as the analysis-holism scale (Choi et al., 2007) used by 
Kitayama et al. (2014; see Zhang & Tsai, 2014, for details). Cronbach’s α was .78 for Japanese 
and .82 for Canadians. 
 Self-esteem. Participants were asked to indicate through a 6-point Likert-type scale the 
extent to which they agreed (1 = “strongly disagree” to 6 = “strongly agree”) with each of the 10 
items (e.g., “On the whole, I am satisfied with myself.”) on the Rosenberg self-esteem scale 
(Rosenberg, 1965), which Kitayama et al. (2014) also used. Cronbach’s α was .89 for Japanese 
and .92 for Canadians.  
BIS/BAS. The BIS/BAS scale (Carver & White, 1994) consists of 7 items related to BIS, which 
measure response to threats (e.g., “Criticism or scolding hurts me quite a bit.”) and 13 items 
related to BAS, which measure reward-seeking behavior (e.g., “I’m always willing to try 
something new if I think it will be fun.”). Participants rated their agreement with each item on a 
4-point Likert scale (1 = very false for me, 4 = very true for me). We used the Japanese version 
of the scale (Takahashi et al., 2007) for the Japanese participants. For BIS, Cronbach’s α was 
.82 for Japanese and .79 for Canadians; for BAS, Cronbach’s α was .81 for Japanese and .79 
for Canadians. 
 Big Five personality traits. The Big Five personality traits (neuroticism, extraversion, 
openness to experience, agreeableness, and conscientiousness) were measured using the 
NEO Five-Factor Inventory (Costa & McCrae, 1992), with 12 items for each trait and a scoring 
system ranging from 0 to 48. We used the Japanese version of the scale (Shimonaka et al., 
1999) for the Japanese participants. Cronbach’s α for neuroticism, extraversion, openness to 
experience, agreeableness, and conscientiousness was .84, .80, .69, .70, and .79 for Japanese 
and .87, .81, .72, .81, and .84 for Canadians, respectively. 
 Genotyping. Nail samples were collected from which genomic DNA was extracted using 
ISOHAIR kits (Nippon Gene Co., Ltd., Tokyo, Japan). The DRD4 polymorphism was amplified 
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by PCR using the primers 5’-GCGACTACGTGGTCTACTCG and 5’-
AGGACCCTCATGGCCTTG (Lichter et al., 1993) in a volume of 25 µl solution containing 100 
ng of genomic DNA, 0.4 mM Deoxynucleotide Triphosphates (dNTPs), 0.2 µM of each primer, 
1.25 U of Takara LA Taq polymerase (Takara Bio Inc., Kusatsu, Japan), and GC buffer I (Takara 
Bio Inc., Kusatsu, Japan). Initial denaturation at 95  ̊C for 5 min was followed by 40 cycles of 
denaturation at 95  ̊C for 20 s, annealing at 57  ̊C for 20 s, and extension at 72  ̊C for 1 min. 

RESULTS 

Genotype Distribution 
 Twenty-seven participants (21 Canadians and 6 Japanese) whose alleles were 
undetermined were excluded in the following analysis. The final sample size was thus 757 (410 
Japanese and 347 European Canadians). The 4R/4R allele of DRD4 was the most common 
among Canadians (n = 164, 47.3%) and Japanese (n = 286, 69.8%). The frequencies of carriers 
of at least one 2R allele and carriers of at least one 7R allele were 15.3% and 33.1% for 
Canadians, and 18.8% and 2.0% for Japanese, respectively. Consistent with previous research 
(Kitayama et al., 2014; Sasaki et al., 2013; Yu et al., 2019), the next most common DRD4 
polymorphism in Canadians was the 7R allele, whereas for Japanese it was the 2R allele. The 
distribution of the main alleles (4R/4R [n = 164], 4R/7R [n = 79], and 7R/7R [n = 18] in 
Canadians; 2R/2R [n = 5], 2R/4R [n = 67], and 4R/4R [n = 286] in Japanese) was not different 
from that predicted by the Hardy–Weinberg equilibrium in either cultural group, which was χ2(1) 
= 3.69, p = .055 for Canadians, and χ2(1) = 0.22, p = .64 for Japanese. 
Considering the functional and evolutionary similarities between the 2R and 7R alleles of DRD4 
(Reist et al., 2007) and following previous research (Kitayama et al., 2014; Sasaki et al., 2013; 
Yu et al., 2019), we grouped carriers of at least one 2R or 7R allele together and compared 
them with noncarriers of these alleles (i.e., carriers of 4R and infrequent alleles [e.g., 3R and 
5R]) in the analysis. In total, there were 246 7R-/2R- allele carriers (161 Canadians and 85 
Japanese) and 511 7R-/2R-allele noncarriers (186 Canadians and 325 Japanese). 

Culture–DRD4 Interaction 
 For each measure, we performed an ANOVA with two between-subject variables: culture 
(Canada and Japan) and DRD4 (7R-/2R-allele carriers and 7R-/2R-allele noncarriers). We set 
the significance level to 0.025 (= 0.05/2 tested hypotheses [the main 
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effect of culture and its interaction with DRD4]). Table 1 shows descriptive statistics for the 
measures for each cultural group. Cultural differences in the measurements of independence 
and interdependence were significant in the predicted direction as shown in Table 1. There were 
also cultural differences in BIS/BAS and the Big Five traits in the expected direction, although 
the cultural difference was not significant in either BIS or openness (Table 1). On the other 
hand, neither the main effect of DRD4 (Table 2) nor the interaction effect of culture and DRD4 
(Table 3) was significant. 

DISCUSSION 

 In this study we attempted to replicate the findings of Kitayama et al. (2014) regarding 
the interaction between culture and DRD4 polymorphism, using different scales of social 
orientation and testing samples with different cultural backgrounds. We set the sample size of 
this research that had adequate power to detect the interaction effect of culture and DRD4 
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polymorphism reported by Kitayama et al. (2014), following suggestions on conducting 
candidate gene research (e.g., Dick et al., 2015). However, we found no evidence of an 
interaction effect of culture and DRD4 polymorphism on social orientation, which is inconsistent 
with the findings of Kitayama et al. (2014). Given that the proportion of attempts to replicate the 
findings of previous gene–environment interaction studies that attained significance is less than 
25% (Duncan & Keller, 2011), the results of this study would be unexceptional. Rather, they 
suggest a caveat that the previous findings are based on small samples and may be false. 
Further follow-up studies with larger sample sizes having sufficient power, which incorporate 
multiple measurements of social orientation (see Na et al., 2010) and adopt a more appropriate 
measurement to capture individual differences in self-construal in diverse cultural contexts 
(Vignoles et al., 2016) are needed to find consistent results of the interaction between culture 
and DRD4 polymorphism and reach a credible conclusion. 
 We should hasten to add that this failure of replication does not deny the proposition of 
the association between dopaminergic system genes and cultural acquisition made by Kitayama 
and colleagues. Rather, it suggests that researchers need to test the effects of genetic variants 
by employing different and appropriate methods. For instance, the inconsistent findings on the 
culture and DRD4 polymorphism interaction on independence and interdependence orientations 
might partly result from some issues regarding the self- construal scale used. Indeed, the 
reliability of the self-construal scale in this study was somewhat low. Vignoles et al. (2016) 
suggested that both independence and interdependence are multifaceted, such as self-reliance 
and self-expression (independence) and dependence on others and harmony 
(interdependence), and proposed a seven-dimensional model of self-construal in which 
independence and interdependence are mutually exclusive within each of the seven domains 
(e.g., making decisions, looking after oneself, communicating with others, and so on). They 
developed a new scale to capture the seven dimensions in various cultural contexts. Adopting 
the newly developed scale may enable researchers to find reliable relationships between DRD4 
polymorphism and individual differences in self-construal across cultures, which the existing 
scale failed to detect. Additionally, researchers are encouraged to use not only self-reporting 
measures but also behavioral measures and neural processes; indeed, Kitayama and 
colleagues (Kitayama et al., 2020; Yu et al., 2019) have adopted neuro-imaging techniques and 
examined the relationships among interdependence, DRD4, and the gray-matter volume of 
brain regions (e.g., OFC). Future work that clarifies the neural pathways underlying cultural 
differences in social orientation and assesses how genetic variants affect the neural pathways 
will help strengthen the proposition. For example, Ma et al. (2014) tested Chinese participants 
and found that associations between interdependent self-construal and neural activities in the 
regions related to self-reflection (e.g., mPFC and TPJ) were moderated by serotonin transporter 
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polymorphisms. Although Ma et al. (2014) neither tested participants from Western cultures nor 
examined the moderation effect of DRD4 polymorphism, expanding research in this direction 
will be fruitful for understanding of the interplay between culture and the brain. 
 Furthermore, our failure to replicate previous findings does not devalue studies that 
examine the effects of genetic variants cross-culturally with sufficient sample sizes. Montag et 
al. (2020) argued that one way to improve candidate gene studies might be “the establishment 
of molecular genetic research groups or collaborations with local investigators in different areas 
of the world in order to be able to replicate findings across different ethnic groups” (p. 169). This 
proposed initiative would have significant implications for the assessment of gene–environment 
interaction research. If the moderation effects of genes on the association between 
environments (e.g., childhood adversity) and social behaviors appear in a similar way across 
cultures, even if the allele frequencies are different cross-culturally, researchers will be able to 
assess the genetic effects as valid. In line with the statement by Montag et al. (2020), we have 
demonstrated in both Canada and Japan that the trend that childhood adversity had a negative 
effect on general trust was significant only for individuals with the AA genotype of oxytocin 
receptor gene polymorphism, despite a skewed distribution of the A and G alleles between the 
two cultures (Zheng et al., 2020). 
 Because of the replication issue of candidate gene studies, genome-wide association 
studies (GWAS) have been conducted as an alternative, evidence from which has been steadily 
accumulating. One advantage of GWAS is the ability to discover new genetic variants that have 
not been addressed. Using the GWAS methodology, researchers may find further novel 
candidate genes that are associated with the history of out-of-Africa migration and cultural 
acquisition. However, GWAS need huge sample sizes to detect significant results because of an 
exceedingly small significance threshold set to control for alpha error inflation. Alternatively, in 
the context of the history of out-of-Africa migration, archive data on worldwide genetic variants 
with frequencies such as the 1000- genome project may be useful for finding new candidate 
genes. Indeed, by using the 1000-genome project database, Royo et al. (2018) found an 
association between signal regulatory protein beta-1 (SIRPB1) copy-number polymorphism and 
the history of migration. 
 The present study includes some limitations that must be addressed in future work, in 
addition to the ones we have already mentioned. First, because the study relied on self-
reporting measures, it is unclear whether and to what extent gene and culture interact to 
influence the actual behaviors corresponding to independence and interdependence. Second, 
we failed to examine the influence of gene–gene interactions that might have caused the null 
finding of interaction between culture and DRD4 polymorphism. Further investigation that 
includes other gene variants of the dopaminergic system (e.g., the dopamine D2 receptor 
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[DRD2], ankyrin repeat and kinase domain containing 1 [ANKK1], catechol-O-methyltransferase 
[COMT], and dopamine transporter [SLC6A3] genes) will be needed. Third, as in Kitayama et al. 
(2014), we tested only undergraduates. To generalize the findings, future work will need to test 
nonstudent adults and investigate a gene–culture interaction effect controlling confounding 
variables that might have an impact on cultural orientation, such as socioeconomic status (see 
Ishii & Eisen, 2020, for a review) and residential mobility (see Choi & Oishi, 2020, for a review). 
 In conclusion, although our study successfully replicated cultural differences regarding 
independence versus interdependence, we failed to find any interaction between culture and 
DRD4 polymorphism, which is inconsistent with Kitayama et al. (2014). Given the current 
controversial status of candidate gene approach, this null finding from a stricter and more 
statistically stable test implies the need for future research on gene–culture (and gene–
environment) interaction. Future research employing multiple methods, including an 
examination of the neural pathways underlying social orientation and a search for new 
candidate genes, will enhance our understanding of behavioral traits associated with the history 
of migration and cultural acquisition. 
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