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 Genetic Variations in the Dopamine System and 
Facial Expression Recognition in Healthy Chinese 
College Students 

 Bi Zhu    a     Chuansheng Chen    b     Robert K. Moyzis    d     Qi Dong    a, 1     Chunhui Chen    a     

Qinghua He    a     Hal S. Stern    c     He Li    a     Jin Li    a     Jun Li    a     Jared Lessard    b     

Chongde Lin    a  

  a    State Key Laboratory of Cognitive Neuroscience and Learning, Beijing Normal University,  Beijing , China; 
Departments of  b    Psychology and Social Behavior and  c    Statistics and  d    Department of Biological Chemistry and 
Institute of Genomics and Bioinformatics, University of California,  Irvine, Calif. , USA 

counted for 3% for fear, 6% for sadness, 7% for anger, 10% 
for surprise, and 18% for disgust, with the latter surviving a 
stringent permutation test.  Conclusions:  Genetic variations 
in the dopamine system (especially the dopamine synthesis 
and modulation subsystems) made significant contributions 
to individual differences in the recognition of disgust faces. 

 Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 Human facial expression recognition is a crucial com-
ponent of social and emotional communication and is 
shaped by both environmental and genetic influences  [1] . 
There is some evidence that the primary emotions con-
veyed by the face are innate and universal. Researchers 
have found evidence of cross-cultural consistency in the 
expressions and perceptions of specific types of emotions 
(i.e. happiness, sadness, anger, fear, surprise, and disgust) 
 [2] . Recently, behavioral geneticists found significant ge-
netic contributions to the individual variations in facial 
expression recognition  [3] . Finally, several studies found 
single-gene variant (e.g. COMT val 158 met, BDNF, and 

 Key Words 
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 Abstract 

  Objective:  This study investigated the relation between ge-
netic variations in the dopamine system and facial expres-
sion recognition.  Methods:  A sample of Chinese college stu-
dents (n = 478) was given a facial expression recognition 
task. Subjects were genotyped for 98 loci [96 single-nucleo-
tide polymorphisms (SNPs) and 2 variable number tandem 
repeats] in 16 genes involved in the dopamine neurotrans-
mitter system, including its 4 subsystems: synthesis ( TH,  
 DDC,  and  DBH ), degradation/transport ( COMT,   MAOA,   MAOB,  
and  SLC6A3 ), receptors ( DRD1,   DRD2,   DRD3,   DRD4,  and  DRD5 ), 
and modulation ( NTS,   NTSR1,   NTSR2,  and  NLN ). To quantify 
the total contributions of the dopamine system to emotion 
recognition, we used a series of multiple regression models. 
Permutation analyses were performed to assess the poste-
rior probabilities of obtaining such results.  Results:  Among 
the 78 loci that were included in the final analyses (after ex-
cluding 12 SNPs that were in high linkage disequilibrium and 
8 that were not in Hardy-Weinberg equilibrium), 1 (for fear), 
3 (for sadness), 5 (for anger), 13 (for surprise), and 15 (for dis-
gust) loci exhibited main effects on the recognition of facial 
expressions. Genetic variations in the dopamine system ac-
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5-HTTLPR) contributions to negative facial expression 
recognition in healthy subjects  [4–6] . All of these studies 
pointed to the deep biological roots of facial emotion ex-
pression and recognition.

  Among the various biological factors, the dopaminer-
gic system has garnered special attention in recognition 
of facial expressions. The dopamine (DA) pathways pro-
jecting to the prefrontal cortex and the basal ganglia may 
play a major role in both emotion and cognition process-
es  [7] . For healthy subjects, the neural response to nega-
tive facial expression was influenced by the genetic varia-
tion in DA neurotransmission associated with the  COMT  
genotype  [4, 8] . Moreover, the impaired recognition of 
disgust among patients with Parkinson’s disease (PD) is 
likely due to a deficit in DA transmission in the ventral 
putamen  [9] . Other studies confirmed that dopaminergic 
neurons are involved in the recognition of disgust using 
both medicated and nonmedicated PD patients  [10, 11] . 
Psychopharmacological studies also showed that levodo-
pa administration led to decreased amygdalar activation 
during the processing of emotional faces in both healthy 
subjects and PD patients  [12] . Most relevantly, research-
ers found that disgust sensitivity (measured by a ques-
tionnaire) was associated with the  DRD4  and  COMT  
polymorphisms in healthy subjects  [13] . In sum, evidence 
from clinical reports and experimental studies suggests 
that DA may play a role in emotion recognition processes 
 [14] .

  The present study examined the relation between ge-
netic variations in the DA system in healthy subjects and 
individual differences in human facial expression recog-
nition. Moving beyond the single-gene or a small num-
ber of haplotype approaches used in typical behavior ge-
netics research, this study examined contributions of the 
whole DA system (characterized by the major genes and 
their associated loci) and its subsystems. Several recent 
studies  [15–17]  have used this approach to study genetic 
system level contributions to human variations. The pres-
ent study aimed to estimate the overall contributions of 
the DA genes to emotion recognition (especially for dis-
gust) and to investigate which of the subsystems (synthe-
sis, degradation/transport, receptors, and modulation) 
would make significant contributions.

  Participants and Methods 

 Participants 
 Four hundred seventy-eight healthy Han Chinese undergrad-

uates were recruited from Beijing Normal University (BNU) in 
China [age 20  8  1 years, females 57%, years of education 14  8  1, 

intelligence scores 126  8  8 (measured by the Wechsler Adult
Intelligence Scale-Revised); see online suppl. material, www.
karger.com/doi/10.1159/000329555]. This study was approved by 
the IRB of BNU, China. Blood samples were collected for geno-
typing.

  Emotional Facial Expression Recognition Test 
 This test assessed the ability of Chinese subjects to judge emo-

tional facial expressions represented on Asian and Caucasian fac-
es. Six basic emotions were included: disgust, anger, fear, surprise, 
sadness, and happiness. For each emotion, there were 12 pictures; 
all of them were from two previous studies  [18, 19] . Subjects se-
lected from the 6 basic emotions to match each face presented. 
The numbers of correct responses for each kind of emotion were 
used as the behavioral indices in this study. Possible scores on this 
scale ranged from 0 to 12.  Table 1  shows the descriptive statistics 
for the recognition of 6 basic facial expressions. These results are 
similar to those obtained in previous studies of nonclinical sam-
ples  [19, 20] . In general, subjects were very good at recognizing 
emotions, resulting in high scores (in the cases of sad and happy 
faces, almost ceiling effects). Consequently, the reliability (in-
dexed by an index of internal consistency, i.e. Cronbach’s  � ) of 
these tests was adequate or satisfactory for disgust and anger, low 
for fear, surprise, and sadness, and unsatisfactorily low for happi-
ness ( table 1 ). Data on happy faces were excluded from further 
analysis.

  Genetic Analysis 
 Gene Selection 
 We selected 96 single-nucleotide polymorphisms (SNPs) and 

2 variable number tandem repeats (VNTR) on 16 genes which 
cover 4 subsystems of the DA system (online suppl. tables). This 
includes: (a) 25 SNPs for DA synthesis [tyrosine hydroxylase (TH) 
and decarboxylase (DDC)] and DA  � -hydroxylase (DBH)], (b) 23 
SNPs and the MAOA_VNTR for DA degradation/transport 
( COMT,   MAOA,   MAOB,  and  SLC6A3 ), (c) 28 SNPs and the 
DRD4_VNTR for the DA receptors ( DRD1,   DRD2,   DRD3,   DRD4,  
and  DRD5 ), and (d) 20 SNPs for DA modulation [4 neurotensin 
genes ( NLN, NTS, NTSR1,  and  NTSR2 )]. These genes represent all 
major genes involved in these 4 DA subsystems in humans.

  In order to sample the genetic diversity of these 16 genes, we 
selected the tag SNPs (tSNPs) defined by the HapMap project 
[www.hapmap.org (phase 3)]. Additional SNPs were added for 
some genes in regions of high linkage disequilibrium (LD; i.e. the 
nonrandom association of alleles at 2 or more loci) uncovered in 
genomic searches for recent adaptive selection  [21] . These SNPs 
covered both coding and regulatory regions (for the latter up to 
10 kb beyond the coding region). Because of the inclusion of both 
tSNPs and additional SNPs, there was high LD among a number 
of SNPs. Twelve SNPs were excluded from multiple regression 
analysis because of their high LD [r2 > 0.8 (r2  is the squared cor-
relation coefficient measuring LD)] with the other adjacent 10 
SNPs. Hardy-Weinberg (HW) equilibrium (i.e. both allele and 
genotype frequencies in a population should remain constant 
from generation to generation unless specific disturbing influ-
ences are introduced) was examined using the  �  2  and setting the 
d.f. to 1. Eight of the SNPs showed significant HW disequilibrium 
(HW p  !  0.05) and were thus not included in further analyses. 
The final analyses included the remaining 78 loci.
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  Genotyping Techniques 
 The SNPs were genotyped using the standard Illumina Gold-

enGate Genotyping protocol. In addition, 3 genetic markers 
( DRD4 _VNTR,  MAOA _VNTR, and  COMT  rs4680) were ascer-
tained by the standard PCR procedures  [22–24] . The GenCall 
scores of the loci in the current study ranged from 0.45 to 0.95; 
this is above the conventional cutoff point of 0.25 for inclusion 
 [25] . The GenCall score (ranging from 0 to 1, the higher the bet-
ter) is a quality measure for each genotype in the Illumina system 
that indicates how close a genotype is to the center of the cluster 
of other samples assigned to the same genotypes  [26] .

  Data Analysis 
 Four major analyses were conducted in the present study:
  (1) We tested the gender differences in facial expressions rec-

ognition.
  (2) A series of ANOVAs were conducted in order to detect the 

loci with significant main effects on the recognition of facial ex-
pression.

  (3) Model 1 (loci’s main effects): multiple regression analyses 
were conducted in order to examine the overall contribution of 
the main effects for the loci in the DA system. Each SNP was re-
coded into two dummy variables, i.e. heterozygote and minor al-
lele homozygote, with the major allele homozygote as the refer-
ence group. Special treatment was needed for the VNTR and X 
chromosome genes. In terms of the  DRD4 _VNTR, due to the the-
oretical importance of 2 repeats among Chinese  [27] , subjects 
were grouped as those with 2 repeats, those with two copies of
4 repeats (i.e. the majority or reference group), and those with 
other numbers of repeats. This variable was recorded into two 
dummy variables: ‘2R+ vs. 4R/4R’ and ‘others vs. 4R/4R’. For 
 MAOA _VNTR, there were also 3 groups: (1) 3/3 repeats (or 3 re-
peats only for males), which was the reference group; (2) 3/4 re-
peats of females, and (3) 4/4 repeats (or 4 repeats only for males). 
For the 9 loci on x-chromosome genes  (MAO),  which had 2 ge-
netic groups for males and 3 groups for females, we conducted 
ANOVA and post hoc tests (when there were at least 5 cases per 
cell) to determine the best way to condense the females into 2 
groups. ANOVA results showed that all of the significant main 

effects of genetic polymorphisms (p  !  0.05) were due to signifi-
cant differences between major homozygotes and heterozygotes, 
which allowed us to combine heterozygotes with minor homozy-
gotes for females without missing any significant findings.

  Next, to assess the likelihood of false positives with the mul-
tiple regression approach, a series of permutation analyses (10,000 
permutations per model) were run on randomized data (by ran-
domizing behavioral data across subjects) to yield a distribution 
of R 2 . If model 1 survived the permutation, then we examined the 
contribution of the main effects of loci in 4 DA subsystems.

  (4) Model 2 (loci’s main effects plus gender as a covariate): if 
there were significant gender differences in specific emotion rec-
ognition, we estimated the unique contribution of gender by add-
ing it as a covariate into the loci’s main effect models using the 
forward stepwise procedure. If gender entered the model, it meant 
that its contribution to the behavioral index was not accounted for 
by genetic factors. In that case, further permutation was repeated 
for these models.

  Results 

  Table 1  shows the descriptive statistics for the recogni-
tion of 6 basic facial expressions. Significant gender dif-
ferences (females  1  males) were found for disgust, sur-
prise, and sadness.

  Main Effects of Loci on Emotion Recognition 
 As  table 2  shows, a number of loci had significant main 

effects on the recognition of emotions, ranging from 1
for fear to 15 for disgust. These loci came from different 
subsystems. Some loci were significant for the recogni-
tion of more than one kind of facial expression [such
as  TH  (rs2070762) for disgust, anger, and sadness;  MAOA  
(rs909525), (rs5906974), and ( MAOA _VNTR) for disgust 
and surprise;  DRD5  (rs12233771) for disgust and sur-
prise; (rs7655090) for disgust and sadness; (rs9884669) 
for disgust and surprise, and DDC (rs10499695) for dis-
gust and surprise]. Such overlaps suggest that certain ge-
netic variations may be involved in the processing of 
more than one emotion, consistent with cognitive models 
of the relations among emotions. Before we interpret the 
results for specific loci, however, it would be informative 
to see whether some of these loci were tapping into the 
same genetic contribution (i.e. different loci were picked 
up because they were near the same ‘action point’).

  Multiple Regression Analysis and Permutation Results 
for the Loci with Significant Main Effects 
  Model 1: Loci’s Main Effects
 For the whole DA system, we entered the dummy 

variables of all significant loci for each emotion. De-
pending on the type of emotion, the total R 2  ranged 

Table 1. D escriptive statistics and gender differences in facial ex-
pression recognition

Mean 8 SD � Gender difference
(females > males)

F(1, 476) p

Disgust 9.1982.66 0.78 27.60 0.0000
Anger 9.0482.19 0.62 0.25 0.6197
Fear 7.7182.24 0.59 0.10 0.7490
Surprise 9.8981.86 0.59 4.29 0.0390
Sadness 10.7981.35 0.52 6.00 0.0147
Happiness 11.9880.14 0.28 0.09 0.7660

�  = Cronbach’s � (internal consistency).
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Table 2. L oci with significant main effects on facial expression recognition

Emotion/
SNP

Gene Sub-
system

Maj Mean 8
SD

n Het Mean 8
SD

n Min Mean 8
SD

n F d.f. p mh mm hm

Disgust
rs2070762 TH S AA 8.5782.98 175 AG 9.4382.50 219 GG 9.8482.09 81 8.35 2, 472 0.0003 1 1 0
rs4929966 TH GG 9.2682.59 444 CG 8.2683.41 34 CC 4.41 1, 476 0.0362 1
rs7808025 DDC GG 9.3782.56 316 AG 8.6782.90 143 AA 10.0081.76 19 4.37 2, 475 0.0131 1 0 1
rs10499695 DDC AA 9.6382.48 158 AG 8.9782.77 225 GG 8.9682.63 95 3.35 2, 475 0.0358 1 0 0
rs7786398 DDC GG 9.6582.38 141 AG 9.0782.73 224 AA 8.8582.82 113 3.25 2, 475 0.0395 1 1 0
rs1611123 DBH GG 9.2982.57 332 AG 8.7882.95 129 AA 10.2981.65 17 3.29 2, 475 0.0383 0 0 1
rs909525 MAOA D/T GG 8.9882.82 196 CG + CC 9.4382.53 260 5.07 1, 454 0.0248 Maj vs. 

(Het + Min)rs5906974 MAOA GG 8.8882.80 217 AG + AA 9.4482.52 261 5.13 1, 476 0.0239
MAOA_VNTR MAOA 3/3 8.8582.79 210 3/4 + 4/4 9.4182.55 259 5.09 1, 467 0.0246
rs12233771 DRD5 R TT 8.6082.77 120 AT 9.4782.58 247 AA 9.2082.66 111 4.33 2, 475 0.0138 1 0 0
rs7655090 DRD5 AA 8.8682.88 133 AG 9.1082.67 239 GG 9.7982.28 106 3.90 2, 475 0.0209 0 1 1
rs9884669 DRD5 CC 8.8682.73 228 AC 9.4582.63 214 AA 9.6782.27 36 3.41 2, 475 0.0339 1 0 0
rs1024076 NTS M GG 9.3382.59 222 AG 9.2682.66 210 AA 8.1382.82 46 4.09 2, 475 0.0173 0 1 1
rs40107 NLN AA 9.2082.63 225 AG 9.4082.55 216 GG 7.8983.18 37 5.14 2, 475 0.0062 0 1 1
rs463911 NLN GG 9.3282.46 161 AG 9.3282.66 244 AA 8.4483.00 73 3.43 2, 475 0.0332 0 1 1

Anger
rs2070762 TH S AA 9.1182.14 175 AG 9.2182.15 219 GG 8.4982.31 81 3.32 2, 472 0.0369 0 1 1
rs737866 COMT D/T AA 9.0982.31 246 AG 9.1482.00 197 GG 8.0682.18 35 3.86 2, 475 0.0218 0 1 1
rs12720366 DRD4 R AA 8.8682.23 247 AG 9.3682.05 191 GG 8.5882.44 40 3.81 2, 475 0.0228 1 0 1
rs10506933 NTS M CC 9.3282.10 198 CG 8.8782.23 223 GG 8.7082.28 57 3.03 2, 475 0.0492 1 0 0
rs2427399 NTSR1 GG 8.8382.28 287 AG 9.3581.98 167 AA 9.3382.35 24 3.17 2, 475 0.0429 1 0 0

Fear
rs324035 DRD3 R CC 7.4982.27 343 AC 8.2782.09 120 AA 8.3381.84 15 6.09 2, 475 0.0024 1 0 0

Surprise
rs10499695 DDC S AA 10.2281.64 158 AG 9.7281.83 225 GG 9.7382.20 95 3.71 2, 475 0.0253 1 1 0
rs6969081 DDC TT 10.1981.63 155 AT 9.7681.83 233 AA 9.7182.22 90 3.02 2, 475 0.0496 1 0 0
rs4680 COMT D/T VV 10.0481.85 256 VM 9.6581.89 178 MM 10.4081.19 30 3.55 2, 461 0.0295 1 0 1
rs5906974 MAOA GG 9.6981.87 217 AG + AA 10.0581.84 261 4.43 1, 476 0.0359 Maj vs.

(Het + Min)rs909525 MAOA GG 9.6981.87 217 AG + AA 10.0581.85 260 4.51 1, 475 0.0342
MAOA_VNTR MAOA 3/3 9.6981.90 210 3/4 + 4/4 10.0581.83 259 4.25 1, 467 0.0397
rs686 DRD1 R AA 9.9481.86 351 AG 9.8981.74 114 GG 8.4682.50 13 3.99 2, 475 0.0192 0 1 1
rs4532 DRD1 AA 9.9381.88 351 AG 9.9581.68 114 GG 8.2582.49 12 4.86 2, 474 0.0081 0 1 1
rs265981 DRD1 GG 9.9081.91 356 AG 10.0381.52 110 AA 8.2582.49 12 5.04 2, 475 0.0068 0 1 1
rs12233771 DRD5 TT 9.7382.03 120 AT 9.7281.86 247 AA 10.4281.58 111 6.13 2, 475 0.0024 0 1 1
rs9884669 DRD5 CC 9.6981.96 228 AC 9.9981.80 214 AA 10.5381.34 36 3.71 2, 475 0.0251 0 1 0
rs2591933 NLN M GG 9.8282.02 257 AG 9.8281.72 180 AA 10.6181.22 41 3.41 2, 475 0.0338 0 1 1
rs6089784 NTSR1 GG 9.9781.88 282 AG 9.8881.68 172 AA 8.9682.64 23 3.16 2, 474 0.0432 0 1 1

Sadness
rs2070762 TH S AA 11.0381.14 175 AG 10.6881.48 219 GG 10.6081.36 81 4.20 2, 472 0.0155 1 1 0
rs740603 COMT D/T AA 10.5981.51 153 AG 10.9381.29 240 GG 10.8581.04 71 3.08 2, 461 0.0467 1 0 0
rs7655090 DRD5 R AA 10.7581.33 133 AG 10.6881.45 239 GG 11.1181.05 106 3.98 2, 475 0.0194 0 1 1

Grey rows indicate the SNPs that were deleted from further analysis be-
cause of high LD.

Maj = Major homozygotes; Het = heterozygotes; Min = minor homo-
zygotes. Gene names: TH = tyrosine hydroxylase; DDC = decarboxylase; 
DBH = dopamine �-hydroxylase; COMT = catechol-O-methyltransferase; 
MAOA = monoamine oxidase A; DRD3 = dopamine receptor D3; DRD4 = 
dopamine receptor D4; DRD5 = dopamine receptor D5; NTS = neuroten-

sin, precursor for neuromedin and neurotensin; NTSR1 = neurotensin re-
ceptor 1; NLN = neurolysin, hydrolyzes neurotensin. Subsystems: S = syn-
thesis; D/T = degradation/transport; R = receptor; M = modulation. LSD 
post hoc contrasts: mh = major homozygotes vs. heterozygotes; mm = ma-
jor vs. minor homozygotes; hm = heterozygotes vs. minor homozygotes;
1 = significant; 0 = nonsignificant.
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from 0.03 to 0.18, p default   !  0.005, where p default    was the 
probability that the given R 2  was not different from zero. 
The permutation results (based on randomized behav-
ioral data) showed that only the model for disgust was 
significant [R 2  = 0.18, d.f.  =  23, 442; permutation p = 
0.0002 (online suppl. fig. S1), where the permutation p 
is the probability of obtaining the given R 2  in the distri-
bution of permutated R 2  based on randomized data]. 
Regression models for the other emotions explained a 
much smaller (although still sizable) portion of variance 
and did not survive the stringent permutation analysis. 
The R 2  based on regression analysis and p values based 
on permutation results were as follows: anger (R 2  = 0.07, 
p = 0.2230), fear (R 2  = 0.03, p = 0.8407), surprise (R 2  = 
0.10, p = 0.0660), and sadness (R 2  = 0.06, p = 0.4426). 
Because there is little ambiguity about the results in the 
recognition of disgust and also the higher reliability in-
dex of this measure, we focus on the significant contri-
butions of the DA system to recognition of disgust in the 
remainder of the paper.

  Of the 23 dummy-coded regressors of the 13 loci with 
significant main effects on disgust, 7 made significant 
unique contributions. These regressors accounted for 
18% of the variance in recognition of disgust faces. The 
significant regressors in this main effect model are pre-
sented in  table  3 . By examining these results together 
with those from the ANOVA ( table 2 ), we can begin to 
interpret genetic contributions of DA genes to the recog-
nition of disgust. Based on the ANOVA results, 2 SNPs of 
the  TH  gene (rs2070762 and rs4929966) showed signifi-
cant main effects. However, there was only 1 significant 
SNP (rs2070762) which survived the false discovery rate 
correction, and it is also the only one in the regression 
model, with higher recognition scores for individuals 
with a minor allele (both the minor homozygotes and 

heterozygotes). Such results suggest that there might be 
only one ‘action point’ near rs2070762.

  In terms of the other two genes involved in the synthe-
sis of DA, 4 SNPs were significant in the ANOVA:  DDC  
(rs7808025, rs10499695, and rs7786398) and the  DBH  
gene (rs1611123). Two of them (rs7786398 and rs10499695) 
had a relatively high LD. In the main effects regression 
model, both remaining SNPs for  DDC  were significant 
regressors (heter-rs7808025 and heter-rs10499695 of the 
 DDC  gene). Subjects in the heterozygous group had lower 
scores than the major homozygotes on the recognition 
test of disgust faces, whereas the latter did not differ from 
minor homozygotes. These results suggested a heterozy-
gote advantage of these SNPs. The  DBH  gene was not sig-
nificant in the regression.

  In terms of the degradation/transport subsystem, al-
though 3 loci of  MAOA  (rs909525, rs5906974, and  MAOA _
VNTR) had significant main effects, none were signifi-
cant in the regression analysis.

  In terms of the receptor genes, 3 SNPs of the  DRD5  
gene (rs12233771, rs7655090, and rs9884669) showed sig-
nificant effects in ANOVA. Major homozygotes had sig-
nificantly lower scores on recognition of disgust faces 
compared to the other two groups. Given that there was 
only one significant regressor (minor-rs7655090), there 
was likely to be only one ‘action point’ near rs7655090.

  In terms of the modulation subsystem, 3 SNPs showed 
significant effects in the ANOVA:  NTS  (rs1024076) and 
the  NLN  gene (rs40107, rs463911). There were 2 signifi-
cant regressors (minor-rs1024076 and minor-rs40107) in 
the main effects regression model for  NTS  and  NLN  
genes. Minor homozygotes had significantly lower scores 
on the recognition of disgust faces than major homozy-
gotes, who did not differ from heterozygotes. This pat-
tern of results indicates that they were possibly recessive 

Table 3. S ignificant regressors in the main effect regression model for the recognition of disgust faces in the 
whole DA system

Subsystem Gene Locus Significant regressor B t p

Synthesis TH rs2070762 heter-rs2070762 0.92 3.51 0.0005
minor-rs2070762 1.24 3.57 0.0004

DDC rs7808025 heter-rs7808025 –0.75 –2.87 0.0043
DDC rs10499695 heter-rs10499695 –0.83 –3.07 0.0023

Receptor DRD5 rs7655090 minor-rs7655090 0.83 2.39 0.0171
Modulation NTS rs1024076 minor-rs1024076 –0.91 –2.20 0.0280

NLN rs40107 minor-rs40107 –1.29 –2.56 0.0108

S ee footnote of table 2 for the complete names of the genes.
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genes. The other SNP for the  NLN  gene (rs463911) was no 
longer significant in the regression, likely due to its mod-
erate linkage with rs40107. It appears that there is only 
one ‘action point’ and it is closer to rs40107 than rs463911.

  To ascertain the relative contributions of the 4 subsys-
tems, we reran the model for disgust separately by the 
synthesis, degradation/transport, receptor, and modula-
tion subsystems. The DA synthesis subsystem made the 
largest contribution (R 2  = 0.08, p default   !  0.001, permuta-
tion p = 0.0010) and the DA modulation subsystem made 
a moderate contribution (R 2  = 0.04, p default  = 0.001, per-
mutation p = 0.0344). In contrast, contributions made by 
the DA receptor and degradation/transport subsystems 
were not significant based on the permutation tests (R 2  = 
0.04, p default  = 0.009, permutation p = 0.1236, for the re-
ceptor subsystem; R 2  = 0.01, p default  = 0.070, permutation 
p = 0.4887, for the degradation/transport subsystem) (on-
line suppl. fig. S1).

   Model 2: Loci’s Main Effects plus Gender as a 
Covariate 
 Due to the significant gender difference in disgust face 

recognition, we added gender as a covariate into the re-
gression models. Gender accounted for about a 5% addi-
tional variance in disgust face recognition. All significant 
SNPs in model 1 remained significant in the new model. 
The total R 2  increased to 0.22 (permutation p = 0.0000) 
in model 2. In addition, a third model with both gender 
and intelligence as covariates was run, yielding a higher 
total R2 and resulting in one change in significant SNPs 
(see online suppl. for details). 

  Discussion 

 The current study produced a number of major find-
ings. First, 15 loci in 7 genes in the 4 DA subsystems were 
found to have main effects on the recognition of disgust 
faces, consistent with the hypothesized polygenic nature 
of emotion recognition. Second, multiple regression anal-
ysis and associated permutation results suggested that the 
main effects of genetic variations in the whole DA system 
significantly predicted the recognition of emotions, espe-
cially disgust faces. Specifically, the DA synthesis and 
modulation subsystems made significant contributions to 
accounting for the variance in the recognition of disgust 
faces. These results provided the first evidence of differ-
ential importance of different subsystems in emotion rec-
ognition. Third, the amount of variance in disgust recog-
nition that was accounted for by genetic variations in DA-

related genes was substantial: 18% of the variance in 
recognition of disgust faces was explained by 13 loci in the 
DA system. Such an estimate can potentially bridge the 
wide gap between high estimates of heritability based on 
traditional behavioral genetics (i.e. twin studies) and the 
low estimates based on traditional single-gene molecular 
behavioral studies. Finally, recognition of different types 
of emotions was found to have a different extent of reli-
ance on the DA system. For the recognition of angry, fear-
ful, surprised, and sad faces, a smaller number of loci in 
the DA system had significant main effects on recogni-
tion; consequently, they did not survive the permutation 
test (i.e. randomizing the behavioral data).

  In terms of specific genes and emotion recognition, 
one previous study reported a weak association of  DRD4  
polymorphisms with disgust sensitivity  [13] . In our ex-
amination of relevant  DRD4  polymorphisms, we did not 
find any main effects of  DRD4  loci on the recognition of 
disgust faces. This nonreplication could have been due to 
several factors such as sample differences, chance find-
ings, and different measures (recognition of disgust faces 
in our study but questionnaire data about disgust sensi-
tivity in the previous study).

  In our case, based on the main effects regression mod-
el of disgust face recognition, there were 7 significant 
 regressors involving 6 SNPs in the DA system:  TH  
(rs2070762),  DDC  (rs7808025 and rs10499695),  DRD5  
(rs7655090),  NTS  (rs1024076), and  NLN  (rs40107). Among 
these SNPs,  TH  (rs2070762) is the only one that has been 
studied in the previous literature to our knowledge. Stud-
ies showed that  TH  (rs2070762) was related to essential 
hypertension in Chinese subjects  [28, 29] , and it was also 
associated with migraine in a Spanish population  [30] . 
Researchers suggested that the C allele (susceptible allele 
for risk of essential hypertension) in rs2070762 may func-
tion as an enhancer in regulating gene expression  [29] . It 
is not clear how these traits (though they also need repli-
cations) would be related to disgust emotion recognition. 
Biochemically, TH, which is encoded by the TH gene, is 
the enzyme responsible for catalyzing the conversion of 
the amino acid  L -tyrosine to dihydroxyphenylalanine 
(DOPA; a precursor for DA). The inhibition of TH might 
lead to depletion of DA in the brain, which might be re-
lated to disgust emotion recognition.

  Our study has some limitations. First, we focused on 
98 loci in the DA system because of previous evidence for 
the influence of DA on facial expression recognition. 
However, other neurotransmitter systems might also 
have effects on different kinds of emotional facial expres-
sion (given our negative findings for emotions other than 
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disgust). Second, we used a sample of healthy Chinese 
college students. The homogeneity of this sample helped 
to control for potential confounding factors, but it might 
have limited the external validity. Future studies should 
include other samples, such as PD patients. Finally, it 
should be noted that, like whole-genome scans, our ap-
proach can only show that a number of loci may play an 
important role in emotion recognition. Functions of 
many such loci, however, have not been well understood. 

A main role of research like the current study is to iden-
tify potential loci for future studies to replicate and to 
examine their biochemical functions.
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