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After a transgression, people often either tend to avoid the transgressor or seek

revenge. These tendencies can be investigated via a trait approach and surprisingly

little is known about their biological underpinnings. One promising candidate gene

polymorphism, which may influence individual differences in avoidance of a transgressor

and vengefulness, is the COMT Val158Met (rs4680) polymorphism known to affect

dopaminergic signaling and among others brain activity in situations in which people

punish others for their behavior. We therefore investigated the molecular genetics of

individual differences in Avoidance Motivation and vengefulness with a focus on this

polymorphism. Possible genetic associations were first investigated in a sample of

N = 730 Chinese participants (n= 196 females) using buccal cells to extract the DNA for

genotyping. To replicate the findings we carried out a parallelized investigation in a sample

of N = 585 German participants (n = 399 females). Chinese and German versions of the

TRIM-12 and the Vengeance Scale were implemented to assess individual differences

in tendencies to react to a transgression. Results show that Met allele carriers of the

COMT Val158Met polymorphism (Val/Met and Met/Met) score significantly higher on

the tendency to avoid a transgressor in the Chinese male and female samples, with

an especially pronounced effect in the female subgroup. The same effect could be found

in the German sample, again especially in females. Additionally, carrying a Met allele was

associated with higher vengefulness in the Chinese sample only, especially in males.

The present findings indicate that the COMT Val158Met polymorphism might influence

individual differences in the motivation to avoid transgressors across cultures, especially

in females. However, its association with vengefulness seems to be more complex and

may exhibit some cultural and gender specific effects.
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INTRODUCTION

There are many different potential reactions to a transgression,
although the main ones are for the victim to forgive the
transgressor, avoid him/her or take revenge. Acts of revenge
taking are reported across the globe and also vengefulness as
a personality trait has already been investigated in different
cultures (e.g., Henrich et al., 2006; Sindermann et al., 2018).
Quantitative genetic studies have revealed that individual
differences in reactive aggression (heritability estimate: 39%), the
reaction to unfair offers (punishing an opponent for an unfair
offer; additive genetic effects explained 42% of the variance) and
antisocial personality traits such as various types of aggression
(heritability estimates: 26–56%), possess a significant heritable
component (Vernon et al., 1999; Brendgen et al., 2006; Wallace
et al., 2007). This leads to the conclusion that also variance
in trait vengefulness might be explained partly by genetic
underpinnings. Currently however, surprisingly little is known
about the genes/genetic polymorphisms influencing individual
differences in trait vengefulness.

To search for possible candidate gene polymorphisms in the
context of trait vengefulness, one can take a closer look at
revenge behavior. In comparison with trait vengefulness, there
are several studies investigating the neurobiological and genetic
basis of revenge taking and associated behaviors (e.g., altruistic
punishment) in laboratory settings (e.g., Sanfey et al., 2003; De
Quervain et al., 2004; Strobel et al., 2011). In these studies,
the dopaminergic reward system appears to be of particular
importance since punishing others for unfair behavior (which
can be seen as a kind of revenge taking) was associated with
activation in brain areas such as for example the (dorsal)
striatum, nucleus caudatus (NC), and the (anterior) insula
(Sanfey et al., 2003; De Quervain et al., 2004). These brain
areas have also been associated with reward processing or its
anticipation (e.g., Delgado et al., 2003; Liu et al., 2011; Sescousse
et al., 2013) and their activity is known to be modulated by
dopaminergic pathways (Gaspar et al., 1989; Arias-Carrión et al.,
2010). This suggests that pathways and thereon genes and genetic
polymorphisms influencing the dopaminergic reward system
are associated with acts of revenge and may therefore also be
associated with trait vengefulness.

In this regard, one study in the field is of particular interest.
Strobel et al. (2011) observed that brain regions involved in
reward processing (cingulate gyrus (CG), insula, dorsolateral
prefrontal cortex (DLPFC), nucleus accumbens (NAc), NC)
were more strongly activated during trials in which participants
punished a person who made an unfair offer compared to trials
in which participants did not punish anybody. Additionally,
the activation of the NAc and bilateral CG was also higher in
trials in which participants punished a person who initially
made the unfair offer to the participants themselves (revenge),
compared to trials in which participants punished a person,
which made an unfair offer to a third person (altruistic
punishment). Notably, this study also found that the genotype
of the Catechol-O-Methyltransferase (COMT) Val158Met
(rs4680) polymorphism modulated the neural responses. In
detail, it was found that the activation in reward related brain

areas (clusters of the left anterior cingulate cortex (ACC),
right posterior insula, right NAc) in the punishment trials (vs.
no punishment) was higher in Met allele carriers compared
to (homozygote) Val allele carriers. This polymorphism is
positioned in the COMT gene on chromosome 22q11 (https://
www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=4680) and
causes a valine to methionine (G→ A) substitution. Moreover,
this polymorphism is functional on a biological level as it
moderates the activity of the COMT enzyme and thereby
dopamine catabolization in the synaptic cleft. This mechanism
is of special importance in the prefrontal cortex (PFC) due
to a paucity of dopamine transporters (Lewis et al., 2001; for
overviews see Mier et al., 2010; Montag et al., 2012). More
specifically, it was found that the enzyme activity of Val/Val
(GG) carriers was around 38% higher than of Met/Met (AA)
carriers in the DLPFC (Chen et al., 2004). Moreover, it was
demonstrated that Val/Val (GG) carriers catabolize three to four
times more dopamine thanMet/Met (AA) carriers. Heterozygote
Val/Met (GA) carriers show an intermediate catabolization
rate (Lachman et al., 1996). On a psychological level, the
COMT Val158Met polymorphism has also been associated
with various phenotypes. For example the Met allele of the
COMT Val158Met polymorphism is linked to higher reward
responsiveness and reward seeking (Lancaster et al., 2012), and
higher activity in reward related brain areas (ventral Striatum,
lateral PFC) during anticipation of uncertain reward (Dreher
et al., 2009). Moreover, it is important to highlight that the
different alleles of the COMT Val158Met polymorphism have
been associated with individual differences in cognitive abilities
and (personality) traits related to stress processing / negative
emotionality. In detail, the Met allele seems to be associated
with higher abilities in executive cognitive abilities and lower
activations in prefrontal brain regions compared to the Val
allele while performing cognitive tasks (Mier et al., 2010). In
addition, the Met allele of the COMT Val158Met polymorphism
has been associated with emotional instability and lower stress
resiliency according to the warrior-worrier-hypothesis (but
therefore better cognitive functions; Goldman et al., 2005;
Montag et al., 2012) and with anxiety and related traits in
empirical studies (e.g., Olsson et al., 2005; Stein et al., 2005;
Hashimoto et al., 2007; Montag et al., 2008; Lee and Prescott,
2014).

Overall, the results indicate that the COMT Val158Met
polymorphism genotype modulates reward processing in
association with punishment of unfair behavior and taking
revenge. Accordingly, it can be hypothesized that this effect is
transferable from revenge-like behavior to trait vengefulness
and that Met allele carriers might experience revenge as
more rewarding. We therefore hypothesized that carrying
the Met allele would be associated with higher scores in trait
vengefulness. Since avoiding negative outcomes is also associated
with activation in reward related brain areas, we additionally
hypothesized that carrying the Met allele would be associated
with the tendency to avoid a transgressor (please note that
Revenge Motivation and Avoidance Motivation show strong
positive correlations and can therefore not be seen as opposites;
Kim et al., 2006; Johnson et al., 2010; Szcześniak and Soares,
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2011). With the present study we aimed at investigating these
hypotheses.

MATERIALS AND METHODS

Sample
For the present genetic association studies, data collection was
conducted in China and in Germany to independently replicate
findings (see also for example Montag et al., 2017). Taking
into account (i) power analyses but also (ii) sample sizes of
other recent genetic association studies using a questionnaire
approach to assess traits and (iii) the independent replication as
implemented in the present research led to the conclusion that
around 500–600 participants per sample (China and Germany)
should be investigated. The complete procedure including the
software to present the questionnaires as well as the equipment
and protocols for genotyping were the same in China and
Germany. Participants in China and Germany were recruited at
universities. All Chinese participants are part of the Chengdu
Gene Brain Behavior Project and all German participants of the
Ulm Gene Brain Behavior Project. For a total ofN = 730 Chinese
participants [n = 534 males, n = 196 females; mean age: 21.62
(SD = 2.35)] complete data were available for the present study.
Most of the Chinese participants were Han Chinese (n = 680).
Additionally, the data of N = 585 German participants, of which
all stated German as their native language, were included in the
analyses of the German part of the study [n= 186 males, n= 399
females; mean age: 23.74 (SD = 8.33)]. All participants gave
electronic and written informed consent in accordance with the
Declaration of Helsinki. The studies/protocols were approved by
the local ethics committees at University of Electronic Science
and Technology of China, Chengdu, China and Ulm University,
Ulm, Germany.

Self-Report Measures
To measure individual differences in the tendencies to react
to a transgression two different self-report measures were
assessed via an online platform. Participants completed
a Chinese/German version of the Transgression Related
Interpersonal Motivations−12 (TRIM-12) inventory (original
English version: McCullough et al., 1998; McCullough and
van Oyen Witvliet, 2002). This measure consists of 12 items
split into two scales named Revenge Motivation [5 items;
Cronbach’s α = 0.87/0.87 (Chinese sample/German sample)]
and Avoidance Motivation [7 items; α = 0.83/0.88 (Chinese
sample/German sample)]. Answers are given on a 5-point
Likert scale. Participants also completed a Chinese/German
version of the Vengeance Scale (original English version:
Stuckless and Goranson, 1992). It consists of 20 items forming
a single scale and the items are answered on a 7-point Likert
scale [α = 0.90/0.93 (Chinese sample/German sample)]. For
all scales, higher scores indicate higher tendencies toward
vengefulness/avoidance of transgressors. The questionnaires
used were the same as in Sindermann et al. (2018), where also full
details about the Chinese and German translations of the items,
the factorial structure of all scales in the Chinese and German

languages as well as associations with prominent personality
factors are given. It should be noted that some of the participants
from the Sindermann et al. (2018) study are also included in
the present study (Chinese sample: n = 234; German sample
n= 182).

Genotyping
DNA was extracted from buccal cells on a MagNA Pure 96 robot
(Roche Diagnostics, Mannheim, Germany) using commercial
extraction kits. Genotyping of the COMT Val158Met Single
Nucleotide Polymorphism (SNP) was conducted on a Cobas
Z 480 Light Cycler (Roche Diagnostics, Mannheim, Germany)
by means of polymerase chain reaction and subsequent
high resolution melting. Simple probe assay designs by
TIBMolBiol (Berlin, Germany) were used. Hardy Weinberg
Equilibriums (HWEs) were calculated using the Court lab–HW
calculator.

Statistical Analyses
The distributions of all scales under investigation were tested
for normal distribution (separately in the Chinese and German
sample). The statistical tests as well as histograms are presented
in the Supplementary Material. As none of the scales was
normally distributed according to statistical tests and because
especially the histograms of the German sample showed
a marked deviation from the normal distribution, it was
decided to implement all statistical tests using non-parametric
tests.

First, associations of age and gender with all scales
were investigated to examine possible confounding variables.
Spearman correlations between age and Revenge Motivation,
Avoidance Motivation and the Vengeance Scale were calculated
and Mann-Whitney U-Tests were used to examine gender
differences.

To investigate the relationship between the COMTVal158Met
polymorphism and the scales under investigation, groups
of Met– (A–: GG) and Met+ (A+: GA/AA) carriers were
built. This procedure is justified because in the Chinese
sample the distribution of genotypes in the COMT Val158Met
polymorphism was skewed with only a few individuals (n=50)
carrying the homozygote Met/Met (AA) genotype (see Table 1).
This is also in line with the expected distribution of the COMT
Val158Met polymorphism in the Han Chinese population as
indicated by data banks (for further information see also the
results section). Therefore, in order to enhance statistical power
it is reasonable to group Val/Met (GA) and Met/Met (AA)
genotypes into one group called Met+. Despite a similar number
of homozygote Val/Val and homozygote Met/Met carriers in
the German sample, we implemented the same grouping (Met–
vs. Met+) for the data to allow a direct comparison between
the Chinese and German samples. Next, we calculated Mann-
Whitney U-Tests in the Chinese and German samples to
investigate differences between the Met– (A–: GG) and Met+
(A+: GA/AA) groups. Additionally, we calculated the Mann-
WhitneyU-Tests separately within the samples from each nation
and split by gender (this is necessary due to (i) significant effects
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of gender on the investigated scales and (ii) with regard to the
different gender ratios in the Chinese and German samples).
Moreover, we also present all the results (using Kruskal-Wallis-
Tests) on a genotype level with the grouping Val/Val (GG),
Val/Met (GA), Met/Met (AA) in the Supplementary Material.

RESULTS

Genotype Distribution and Hardy Weinberg
Equilibriums
As seen in Table 1, the distributions of the genotypes in the
COMT Val158Met polymorphism were in the HWE in both
samples from China and Germany. The distribution of genotypes
also fits with the observations reported at dbSNP in the samples
from both nations (https://www.ncbi.nlm.nih.gov/projects/SNP/
snp_ref.cgi?rs=4680).

Associations With Age and Gender
Only in the Chinese sample age correlated weakly significantly
with Avoidance Motivation (ρ = 0.09, p = 0.011), but no other
scale. In the German sample, age did not significantly correlate
with any of the scales of interest (all p-values> 0.281). Therefore,
it was decided to not include this variable as control variable in
further analyses.

Gender differences were found in Avoidance Motivation
(U = 43,195.50, Z = −3.63, p < 0.001) in the Chinese sample
and in Revenge Motivation (U = 28,436.00, Z = −4.57, p <

0.001) and the Vengeance Scale (U = 28,692.00, Z = −4.42, p <

0.001) in the German sample. Descriptive statistics are presented
in Table 2.

TABLE 1 | Genotype distributions of the COMT Val158Met polymorphism in the

Chinese and German samples.

Val/Val

(GG)

Val/Met

(GA)

Met/Met

(AA)

HWE

China 385 295 50 X2 = 0.41, p = 0.520

Germany 127 314 144 X2 = 3.24, p = 0.072

HWE = Hardy Weinberg Equilibrium.

TABLE 2 | Descriptive statistics of all scales under investigation split by nation and

gender.

Total Males Females

CHINA

Revenge Motivation 15.44 (4.19) 15.56 (4.16) 15.11 (4.26)

Avoidance Motivation 25.95 (4.57) 25.58 (4.56) 26.97 (4.48)

Vengeance Scale 69.72 (16.69) 69.89 (16.57) 69.28 (17.03)

GERMANY

Revenge Motivation 10.86 (4.38) 11.89 (4.10) 10.38 (4.43)

Avoidance Motivation 25.03 (5.93) 25.01 (5.81) 25.04 (5.99)

Vengeance Scale 57.27 (17.51) 62.16 (18.24) 55.00 (16.71)

Mean values and SDs are reported [M (SD)].

Effects of the COMT Val158Met
Polymorphism
As presented in Table 3, significant effects of the COMT
Val158Met polymorphism (tested on Met– vs. Met+ allele level)
on Revenge Motivation and the Vengeance Scale were observed,
but only in the Chinese sample. Met allele carriers (Met+; A+;
GA/AA) showed higher scores than the Met– (Val/Val; A–; GG)
group. The strongest significant effect of the COMT Val158Met
polymorphism was found on Avoidance Motivation in the
Chinese sample with Met allele carriers (Met+; A+; GA/AA)
showing higher scores than the Met– group (Val/Val; A–; GG).
Results with regard to the effect on Avoidance Motivation were
significant and in the same direction in the German sample.
In the Chinese sample, all effects of the COMT Val158Met
polymorphism would survive Bonferroni correction for multiple
testing (α = 0.05/3= 0.0167; accounting for the number of scales
under investigation). In the German sample, the association
between the COMT Val158Met polymorphism and Avoidance
Motivation would also survive Bonferroni correction formultiple
testing (α = 0.05/3= 0.0167; accounting for the number of scales
under investigation).

When effects were considered separately for the samples
from both nations and split by gender, Table 4 shows that
the direction of the effects was the same for males and
females in the Chinese sample, although the associations
with Revenge Motivation and the Vengeance Scale were only
significant in males. For all the scales, Met allele carriers
(Met+; A+; GA/AA) showed higher scores compared to the
Met– group (Val/Val; A–; GG). There were no significant
effects of the COMT Val158Met polymorphism on any of
the scales under investigation in the German male sample
(also when testing one-sided based on the hypotheses and
the results in the Chinese sample). However, in the German
female sample the effect on AvoidanceMotivation was significant
and in the same direction as in the Chinese male and
female samples. Of note, only the associations between the
COMT Val158Met polymorphism and Revenge Motivation and
Avoidance Motivation found in the Chinese male sample and the
association between the COMT Val158Met polymorphism and
Avoidance Motivation in Chinese and German females would
still be significant after Bonferroni correction for multiple testing
(α = 0.05/3= 0.0167; accounting for the number of scales under
investigation). Additionally, when correcting for multiple testing
while accounting for the number of scales under investigation
as well as gender, only the association between the COMT
Val158Met polymorphism and Revenge Motivation found in
the Chinese male sample and between the COMT Val158Met
polymorphism and Avoidance Motivation found in the German
females would still be significant (α = 0.05/6 = 0.0083). The
association between the COMT Val158Met polymorphism and
Avoidance Motivation in the Chinese female sample just failed to
remain significant (with a p-value of 0.009). The strongest effects,
namely the ones on Avoidance Motivation are also presented in
Figure 1.

As a final note, based on the hypotheses derived in the
introduction part of the manuscript, also one-sided testing of
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TABLE 3 | Effects of the COMT Val158Met polymorphism (on allele level) on all scales under investigation split by nation.

Met–

(A–)

Met+

(A+)

Effect

(U)

Effect

(Z)

Significance

CHINA

Revenge Motivation 15.08 (4.15) 15.83 (4.20) U = 59,039.00 Z = −2.60 p = 0.009

Avoidance Motivation 25.46 (4.51) 26.50 (4.58) U = 55,963.00 Z = −3.69 p < 0.001

Vengeance Scale 68.06 (16.19) 71.58 (17.06) U = 59,058.50 Z = −2.59 p = 0.010

GERMANY

Revenge Motivation 10.87 (4.49) 10.86 (4.35) U = 28,905.50 Z = −0.11 p = 0.916

Avoidance Motivation 23.75 (6.09) 25.38 (5.84) U = 24,755.50 Z = −2.57 p = 0.010

Vengeance Scale 57.21 (16.93) 57.29 (17.69) U = 28,908.00 Z = −0.10 p = 0.917

Mean values and SDs are reported [M (SD)] in the first columns. All p-values presented in this table are derived from two-sided testing.

TABLE 4 | Effects of the COMT Val158Met polymorphism (on allele level) on all scales under investigation split by nation and gender.

Met–

(A–)

Met+

(A+)

Effect

(U)

Effect

(Z)

Significance

CHINESE MALES

Revenge Motivation 15.13 (4.17) 16.07 (4.09) U = 30,639.00 Z = −2.65 p = 0.008

Avoidance Motivation 25.18 (4.66) 26.07 (4.39) U = 30,828.50 Z = −2.55 p = 0.011

Vengeance Scale 68.29 (15.88) 71.81 (17.21) U = 31,425.50 Z = −2.20 p = 0.028

CHINESE FEMALES

Revenge Motivation 14.92 (4.09) 15.27 (4.41) U = 4,497.50 Z = −0.74 p = 0.460

Avoidance Motivation 26.35 (3.93) 27.52 (4.87) U = 3,756.00 Z = −2.62 p = 0.009

Vengeance Scale 67.33 (17.19) 71.03 (16.78) U = 4,202.00 Z = −1.48 p = 0.138

GERMAN MALES

Revenge Motivation 12.02 (4.38) 11.85 (4.01) U = 3,305.00 Z = −0.16 p = 0.873

Avoidance Motivation 24.47 (5.92) 25.20 (5.78) U = 3,187.00 Z = −0.53 p = 0.599

Vengeance Scale 60.45 (18.87) 62.77 (18.03) U = 3,077.50 Z = −0.86 p = 0.388

GERMAN FEMALES

Revenge Motivation 10.14 (4.44) 10.44 (4.43) U = 11,943.50 Z = −0.63 p = 0.527

Avoidance Motivation 23.29 (6.19) 25.46 (5.87) U = 9,967.00 Z = −2.80 p = 0.005

Vengeance Scale 55.18 (15.37) 54.95 (17.04) U = 12,309.00 Z = −0.23 p = 0.818

Mean values and SDs are reported [M (SD)] in the first columns. N(Chinese, males, Met−) = 292, n(Chinese, males, Met+) = 242, n(Chinese, females, Met−) = 93, n(Chinese, females,

Met+) = 103, n(German, males, Met−) = 49, n(German, males, Met+) = 137, n(German, females, Met−) = 78, n(German, females, Met+) = 321. All p-values presented in this table

are derived from two-sided testing.

the COMT Val158Met effects on all scales would be justified
and would lead to halved p-values. Thereon, also the association
between the COMT Val158Met polymorphism and Avoidance
Motivation in Chinese males and females would survive the
strict Bonferroni correction procedure for multiple testing while
accounting for the number of scales under investigation and
gender (α = 0.05/6= 0.0083).

DISCUSSION

Investigating the genetic underpinnings of individual differences
in the tendencies to react to a transgression in independent
Chinese and German samples, we found that the COMT
Val158Met polymorphism is associated with Avoidance
Motivation in several (sub)samples. In the Chinese and the
German sample Met allele carriers (Met+; A+; GA/AA)

reported higher scores in the tendency to avoid a transgressor
as compared to homozygote Val/Val (Met–; A–; GG) carriers.
In the Chinese sample, this effect was found in both males
and females, but stronger in females. In the German sample,
the direction of the association was also observed in males
and females, although it was stronger (and only significant)
in females again; whereas in males only a small descriptive
difference in the same direction was found when comparing
Met+ and Met– carriers. Of note, when correcting the alpha
level for the number of scales under investigation and gender
(α = 0.05/6 = 0.0083), the associations between the COMT
Val158Met polymorphism and Avoidance Motivation found in
Chinese males and females would only survive if testing one-
sided based on the hypothesis formulated in the introduction
part of the manuscript.

In the Chinese male sample, we also found an association
between the COMT Val158Met polymorphism and vengefulness
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FIGURE 1 | Effects of the COMT Val158Met polymorphism (allele level) on Avoidance Motivation split by nation and gender. Error bars indicate ±1 SE. *p < 0.05,

**p < 0.01, two-sided.

(Revenge Motivation as well as the Vengeance Scale). Again, Met
allele carriers (Met+; A+; GA/AA) showed higher vengefulness
scores. In the German sample, on the other hand, we could
not find such an association (even if testing one-sided based on
the hypothesis). Thus, as we hypothesized, both the tendency
to avoid transgressors and to react vengefully toward them are
associated with the COMT Val158Met polymorphism, although
it should be emphasized that the latter finding was only
significant in the Chinese (male) sample.

In sum, the association between the Met allele of the
COMT Val158Met polymorphism and the scale Avoidance
Motivation was the most stable and robust finding, especially
across the two female samples with completely different cultural
backgrounds. This indicates a general cross-cultural effect, and
maybe gender-specificity. We also want to mention that an
independent replication of associations, such as the one reported
here, especially in ethnically and cultural different samples, is
difficult to observe. Thus, in the present study the independent
replication of the effect, mainly in the female subsamples,
increases confidence in the overall robustness of our finding.
Hence, we argue for the importance of these independently
derived effects in the same direction, but also mention that
results in the German male sample were particularly weak and
not significant. Effects of single genetic markers are often weak
[around 1% of explained variance in a certain phenotype (often
lower)] and therefore the non-significant findings in the German
male sample could be due to a lack of power (with n = 186,
this sample was the smallest subsample in this study; in detail,
in the German male sample n= 49 participants were in the Met–
group and n = 137 in the Met+ group, whereas for example in

the Chinese female sample (n = 196), we tested n = 93 (Met–)
vs. n = 103 (Met+) participants). However, in line with our
findings the effect of the COMT Val158Met polymorphism on
Avoidance Motivation might be particularly strong in females.
Support for this interpretation comes from previous studies
demonstrating gender specific effects of the COMT Val158Met
polymorphism on various traits, cognitive abilities and cortical
thickness (e.g., Stein et al., 2005; Lang et al., 2007; Chen et al.,
2011; Sannino et al., 2014). To further illuminate this: the
COMT enzyme does not only metabolize catecholamines but also
methylates catecholestrogens (Harrison and Tunbridge, 2008).
Additionally, it has been shown that estradiol can inhibit COMT
gene transcription and mRNA expression and thereon also
COMT enzyme activity in certain cells (Xie et al., 1999; Jiang
et al., 2003). In line with this, studies showed that COMT enzyme
activity in the liver and erythrocytes was lower in healthy females
compared to healthy males (Fähndrich et al., 1980; Philippu
et al., 1981; Boudíková et al., 1990). This indicates potentially
higher baseline dopamine levels in females compared to males
as COMT catabolizes dopamine [But it needs to be mentioned
that this will most likely only apply in COMT active brain
regions. Additionally, also this argumentation is limited to the
COMT related mechanisms to catabolize dopamine. However,
there are several more mechanisms to clear the synaptic cleft
from dopamine except the enzymatic mechanism by COMT (e.g.
MAO-A,...)]. Hence, in females, which are carrying theMet allele,
the reduced COMT enzyme activity by carrying the Met allele
together with the (generally) reduced COMT enzyme activity
by higher estrogen levels (compared to males) might lead to
especially pronounced effects on psychological phenotypes in
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females compared to males (Lachman et al., 1996; Chen et al.,
2004). In detail, the potentially higher dopamine levels in female
Met allele carriers especially in COMT active regions of the
brain might lead to higher Avoidance Motivation compared to
female Val/Val carriers. Support for the influence of estrogens
(and perhaps other sex hormones) on the (gender specific) effects
of the COMT Val158Met polymorphism also comes from a
study, which showed that genetic variation in the COMT gene
associated with extreme COMT enzyme reduction [22q11DS
patients (only one copy of the COMT gene) carrying the Met
allele in the COMTVal158Met polymorphism], was associated
with cortical thinning only in females and only after puberty
(similar effect also found in genetically modified mice; Sannino
et al., 2017). Moreover, another study showed that the Met allele
of the COMT Val158Met polymorphism was associated with
better performance in a working memory task in males and post-
menopausal (but not pre-menopausal) women (Papaleo et al.,
2015). These studies strengthen the idea that the hormonal status
(with regard to sex hormones) is important for the gender specific
effects of the COMT Val158Met polymorphism. However, it
needs to be noted that the importance of estrogens in inhibiting
COMT enzyme activity with a focus on mechanisms in the brain
has been challenged by studies showing that estradiol does not
affect (i) COMT activity in the rat brain and (ii) in a glioblastoma
cell line (Cohn and Axelrod, 1971; Jiang et al., 2003; see also
Harrison and Tunbridge, 2008 for an overview). In conclusion,
the exact biochemical underpinnings of the here found results
of the COMT Val158Met polymorphism cannot be tested with
the present dataset as no further biological marker of interest
except the genotype in the COMT Val158Met polymorphism
was assessed. In so far this discussion part of our work is
speculative.

To assume possible reasons and mechanisms on a
psychological level, which underlie the association between the
COMT Val158Met polymorphism and Avoidance Motivation,
it must be noted that there was a substantial correlation
between Avoidance and Revenge Motivation in the present
study (China: ρ = 0.36, p < 0.001; Germany: ρ = 0.41, p <

0.001). Hence, one could conclude that the tendency to avoid a
transgressor could reflect the tendency toward seeking to punish
transgressors by ending a relationship (e.g., friendship) and
thus incorporates a component of vengefulness (e.g., a typical
item of Avoidance Motivation is “I cut off the relationship with
him/her”; McCullough and vanOyenWitvliet, 2002). In this case,
the association between the Met allele of the COMT Val158Met
polymorphism and higher scores in Avoidance Motivation might
be explained by higher experience of reward during punishment
of the transgressor (see experimental studies e.g., Sanfey et al.,
2003; De Quervain et al., 2004; Strobel et al., 2011; and also the
following studies: Gaspar et al., 1989; Delgado et al., 2003; Arias-
Carrión et al., 2010; Liu et al., 2011; Sescousse et al., 2013). On the
other hand, at least in the German sample, the association of the
COMT Val158Met polymorphism with Avoidance Motivation
differed from that with vengefulness. This could indicate
different underlying mechanisms for the associations of the
COMT Val158Met polymorphism with vengefulness compared
with its association with Avoidance Motivation. As such,

avoiding an aversive stimulus/outcome can also be understood
as rewarding by itself (Kim et al., 2006) and higher reward
responsiveness has previously been associated with the Met allele
of the COMT Val158Met polymorphism (Dreher et al., 2009;
Lancaster et al., 2012). Hence, also in this way one could explain
the association found in the present study. Next, in accordance
with the warrior-worrier hypotheses mentioned above (Goldman
et al., 2005) and as the Met allele has also been associated with
anxiety and related traits previously (e.g., Olsson et al., 2005;
Stein et al., 2005; Hashimoto et al., 2007; Lee and Prescott, 2014),
we shortly wanted to test post-hoc whether neuroticism (as an
indicator of emotional instability) would mediate the effects
of the Met allele of the COMT Val158Met polymorphism on
Avoidance Motivation. More detailed information and results
are reported in the Supplementary Material. In short, at least
neuroticism as measured with the NEO-FFI (Costa and McCrae,
1992) does not seem to explain the present findings. But in
this regard it is still important to note that for several anxiety
related traits, gender specific effects of the COMT Val158Met
polymorphism with especially pronounced results in females
(Met allele associated with higher anxiety related traits) have
been observed (e.g., Olsson et al., 2005; Stein et al., 2005). Hence,
the hypothesis that the association between the Met allele of the
COMT Val158Met polymorphism is associated with Avoidance
Motivation via an anxiety related trait seems likely in the light
of the present gender specific effects already discussed above.
In conclusion, there are different ways to explain the present
results. Thereon, future large-scale studies investigating the
relationship between the COMT Val158Met polymorphism and
Avoidance Motivation are needed. In this regard it would be
of great interest to investigate the exact motivation/motives for
why participants tend to avoid transgressors and how this might
relate to reward responsiveness and/or specific anxiety-related
traits.

In terms of the relationship between the Met allele of the
COMT Val158Met polymorphism and vengefulness, which
could only be observed in the Chinese (male) sample, it
would be of great interest to investigate possible confounding
variables contributing to this apparent cultural (and gender)
specificity. Next to catecholestrogens, which might explain
gender differences, for example, also cross-cultural differences in
societal norms and manners might contribute to observed effects
of the COMT Val158Met polymorphism as well as differences
between the Chinese and German samples. As such, the works
by Hofsede are of potential importance, revealing differences
in power distance and individualism/collectivism between
both countries, with China scoring higher on collectivism
and power distance (https://www.hofstede-insights.com/
country/china/; https://www.hofstede-insights.com/country-
comparison/germany/). In this regard, it may be important
to consider both normative and evaluative assessments
of tendencies toward these constructs (as outlined by
Montag et al., 2016; Sindermann et al., 2018). Next, other
objective measures might be additionally used in future
studies to expand the knowledge gained by the present
results. As such, it could be considered to assess tendencies
to react to a transgression on the behavioral and neural
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level to overcome some shortcomings associated with self-
report measures. Lastly, another very interesting research
question would be if / to what extent other dispositions
to react to a transgression, for example forgivingness, are
influenced by genetic markers such as the COMT Val158Met
polymorphism.

In conclusion, the present results show for the first time
that there seems to be an association between the Met
allele of the COMT Val158Met polymorphism and the
personality trait of the tendency to avoid a transgressor,
especially in females. Future research will need to explore
the underlying mechanisms (e.g., motives for revenge,
anxiety and cultural influences) explaining this association,
particularly regarding the importance of specific anxiety-related
factors.

AUTHOR CONTRIBUTIONS

CS and CM planned the design of the present study. CS and
RL collected the data from the Chinese part of the study. CS,
RL, and YZ conducted the genetic analyses of the Chinese
samples. CS supported data collection for the German part

of the study and analyzed around half of the genetic samples
from the German participants. CS wrote the manuscript and
carried out the statistical analyses. YZ checked the statistical
analyses. CM worked over the first draft of the manuscript.
BB and KMK provided helpful comments and worked over the
complete manuscript. All authors approved the final version of
the manuscript.

FUNDING

CS is stipend of the German Academic Scholarship Foundation
(Studienstiftung des deutschen Volkes). KMK is supported by
the National Natural Science Foundation of China (NSFC)
(grant 31530032). CM is funded by a Heisenberg grant (DFG,
MO2363/3-2) from the German Research Foundation (Deutsche
Forschungsgemeinschaft).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnbeh.
2018.00148/full#supplementary-material

REFERENCES

Arias-Carrión, O., Stamelou, M., Murillo-Rodríguez, E., Menéndez-González, M.,
and Pöppel, E. (2010). Dopaminergic reward system: a short integrative review.
Int. Arch. Med. 3:24. doi: 10.1186/1755-7682-3-24

Boudíková, B., Szumlanski, C., Maidak, B., and Weinshilboum, R. (1990). Human
liver catechol-O-methyltransferase pharmacogenetics. Clin. Pharmacol. Ther.

48, 381–389.
Brendgen, M., Vitaro, F., Boivin, M., Dionne, G., and Pérusse, D. (2006).

Examining genetic and environmental effects on reactive versus proactive
aggression. Dev. Psychol. 42, 1299–312. doi: 10.1037/0012-1649.42.6.1299

Chen, C., Chen, C., Moyzis, R., Dong, Q., He, Q., Zhu, B., et al. (2011). Sex
modulates the associations between the COMT gene and personality traits.
Neuropsychopharmacology 36, 1593–1598. doi: 10.1038/npp.2011.39

Chen, J., Lipska, B. K., Halim, N., Ma, Q. D., Matsumoto, M., Melhem,
S., et al. (2004). Functional analysis of genetic variation in catechol-
O-methyltransferase (COMT): effects on mRNA, protein, and enzyme
activity in postmortem human brain. Am. J. Hum. Genet. 75, 807–821.
doi: 10.1086/425589

Cohn, C. K., and Axelrod, J. (1971). The effect of estradiol on catechol-
Omethyltransferase activity in rat liver. Life Sci. 10, 1351–1354.

Costa, P. T. Jr., and McCrae, R. R. (1992). Revised NEO Personality Inventory

(NEO-PI-R) and NEO Five Factor Inventory (NEO-FFI) Professional Manual.
Odessa, FL: Psychological Assessment Resources.

Delgado, M. R., Locke, H. M., Stenger, V. A., and Fiez, J. A. (2003).
Dorsal striatum responses to reward and punishment: effects of valence
and magnitude manipulations. Cogn. Affect. Behav. Neurosci. 3, 27–38.
doi: 10.3758/CABN.3.1.27

De Quervain, D. J., Fischbacher, U., Treyer, V., and Schellhammer, M.
(2004). The neural basis of altruistic punishment. Science 305, 1254–1258.
doi: 10.1126/science.1100735

Dreher, J. C., Kohn, P., Kolachana, B., Weinberger, D. R., and Berman,
K. F. (2009). Variation in dopamine genes influences responsivity of
the human reward system. Proc. Natl. Acad. Sci. U.S.A. 106, 617–622.
doi: 10.1073/pnas.0805517106

Fähndrich, E., Coper, H., Christ, W., Helmchen, H., Müller-Oerlinghausen, B.,
and Pietzcker, A. (1980). Erythrocyte COMT-activity in patients with affective
disorders. Acta Psychiatr. Scand. 61, 427–437.

Gaspar, P., Berger, B., Febvret, A., Vigny, A., and Henry, J. P. (1989).
Catecholamine innervation of the human cerebral cortex as revealed by
comparative immunohistochemistry of tyrosine hydroxylase and dopamine-
beta-hydroxylase. J. Comp Neurol. 279, 249–271.

Goldman, D., Oroszi, G., and Ducci, F. (2005). The genetics of addictions:
uncovering the genes. Nat. Rev. Genet. 6, 521–532. doi: 10.1038/nrg1635

Harrison, P. J., and Tunbridge, E. M. (2008). Catechol-O-methyltransferase
(COMT): a gene contributing to sex differences in brain function, and
to sexual dimorphism in the predisposition to psychiatric disorders.
Neuropsychopharmacology 33, 3037–3045. doi: 10.1038/sj.npp.1301543

Hashimoto, R., Noguchi, H., Hori, H., Ohi, K., Yasuda, Y., Takeda, M.,
et al. (2007). A possible association between the Val158Met polymorphism
of the catechol-O-methyl transferase gene and the personality trait of
harm avoidance in Japanese healthy subjects. Neurosci. Lett. 428, 17–20.
doi: 10.1016/j.neulet.2007.09.036

Henrich, J., McElreath, R., Barr, A., Ensminger, J., Barrett, C., Bolyanatz, A., et al.
(2006). Costly punishment across human societies. Science 312, 1767–1770.
doi: 10.1126/science.1127333

Jiang, H., Xie, T., Ramsden, D. B., and Ho, S. L. (2003). Human catechol-
O-methyltransferase down-regulation by estradiol. Neuropharmacology 45,
1011–1018. doi: 10.1016/S0028-3908(03)00286-7

Johnson, J. L., Kim, L. M., Giovannelli, T. S., and Cagle, T. (2010). Reinforcement
sensitivity theory, vengeance, and forgiveness. Personl. Individ. Differ. 48,
612–616. doi: 10.1016/j.paid.2009.12.018

Kim, H., Shimojo, S., and O’Doherty, J. P. (2006). Is avoiding an
aversive outcome rewarding? Neural substrates of avoidance learning
in the human brain. PLoS Biol. 4:e233. doi: 10.1371/journal.pbio.00
40233

Lachman, H. M., Papolos, D. F., Saito, T., You, Y.M., Szumlanski, C. L.,
and Weinshilboum, R. M. (1996). Human catechol-O-methyltransferase
pharmacogenetics: description of a functional polymorphism and its potential
application to neuropsychiatric disorders. Pharmacogenetics 6, 243–250.
doi: 10.1097/00008571-199606000-00007

Lancaster, T. M., Linden, D. E., and Heerey, E. A. (2012). COMT val158met
predicts reward responsiveness in humans. Genes Brain Behav. 11, 986–992.
doi: 10.1111/j.1601-183X.2012.00838.x

Lang, U. E., Bajbouj, M., Sander, T., and Gallinat, J. (2007). Gender-dependent
association of the functional catechol-O-methyltransferase Val158Met

Frontiers in Behavioral Neuroscience | www.frontiersin.org 8 August 2018 | Volume 12 | Article 148

https://www.frontiersin.org/articles/10.3389/fnbeh.2018.00148/full#supplementary-material
https://doi.org/10.1186/1755-7682-3-24
https://doi.org/10.1037/0012-1649.42.6.1299
https://doi.org/10.1038/npp.2011.39
https://doi.org/10.1086/425589
https://doi.org/10.3758/CABN.3.1.27
https://doi.org/10.1126/science.1100735
https://doi.org/10.1073/pnas.0805517106
https://doi.org/10.1038/nrg1635
https://doi.org/10.1038/sj.npp.1301543
https://doi.org/10.1016/j.neulet.2007.09.036
https://doi.org/10.1126/science.1127333
https://doi.org/10.1016/S0028-3908(03)00286-7
https://doi.org/10.1016/j.paid.2009.12.018
https://doi.org/10.1371/journal.pbio.0040233
https://doi.org/10.1097/00008571-199606000-00007
https://doi.org/10.1111/j.1601-183X.2012.00838.x
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/behavioral-neuroscience#articles


Sindermann et al. Val158Met and Reaction to Transgressions

genotype with sensation seeking personality trait. Neuropsychopharmacology

32, 1950–1955. doi: 10.1038/sj.npp.1301335
Lee, L. O., and Prescott, C. A. (2014). Association of the Catechol-

O-Methyltransferase (COMT) Val158Met polymorphism and
anxiety-related traits: a meta-analysis. Psychiatr. Genet. 24, 52–69.
doi: 10.1097/YPG.0000000000000018

Lewis, D. A., Melchitzky, D. S., Sesack, S. R., Whitehead, R. E., Auh, S., and
Sampson, A. (2001). Dopamine transporter immunoreactivity in monkey
cerebral cortex: regional, laminar, and ultrastructural localization. J. Comp.

Neurol. 432, 119–136. doi: 10.1002/cne.1092
Liu, X., Hairston, J., Schrier, M., and Fan, J. (2011). Common and distinct

networks underlying reward valence and processing stages: a meta-analysis
of functional neuroimaging studies. Neurosci. Biobehav. Rev. 35, 1219–1236.
doi: 10.1016/j.neubiorev.2010.12.012

McCullough, M. E., Rachal, K. C., Sandage, S. J., Worthington, E. L. Jr., Brown, S.
W., and Hight, T. L. (1998). Interpersonal forgiving in close relationships: II.
theoretical elaboration and measurement. J. Pers. Soc. Psychol. 75, 1586–1603.
doi: 10.1037/0022-3514.75.6.1586

McCullough, M. E., and van Oyen Witvliet, S. (2002). “The psychology of
forgiveness,” in Handbook of Positive Psychology, eds C. W. Snyder and S. J.
Lopez (Oxford: Oxford University Press), 446–458.

Mier, D., Kirsch, P., and Meyer-Lindenberg, A. (2010). Neural substrates of
pleiotropic action of genetic variation in COMT: a meta-analysis. Mol.

Psychiatry 15, 918–927. doi: 10.1038/mp.2009.36
Montag, C., Buckholtz, J. W., Hartmann, P., Merz, M., Burk, C., Hennig, J., et al.

(2008). COMT genetic variation affects fear processing: psychophysiological
evidence. Behav. Neurosci. 122, 901–909. doi: 10.1037/0735-7044.122.4.901

Montag, C., Duke, É., Sha, P., Zhou, M., Sindermann, C., and Li, M. (2016). Does
acceptance of power distance influence propensities for problematic Internet
use? Evidence from a cross-cultural study. Asia Pac. Psychiatry 8, 296–301.
doi: 10.1111/appy.12229

Montag, C., Jurkiewicz, M., and Reuter, M. (2012). The role of the
catechol-O-methyltransferase (COMT) gene in personality and related
psychopathological disorders. CNS Neurol. Disord. Drug Targets. 11, 236–250.
doi: 10.2174/187152712800672382

Montag, C., Sindermann, C., Melchers, M., Jung, S., Luo, R., Becker, B., et al.
(2017). A functional polymorphism of the OXTR gene is associated with
autistic traits in Caucasian and Asian populations. Am. J. Med. Genet. B.

Neuropsychiatr. Genet. 174, 808–816. doi: 10.1002/ajmg.b.32596
Olsson, C. A., Anney, R. J., Lotfi-Miri, M., Byrnes, G. B., Williamson, R.,

and Patton, G. C. (2005). Association between the COMT Val158Met
polymorphism and propensity to anxiety in an Australian population-
based longitudinal study of adolescent health. Psychiat. Genet. 15, 109–115.
doi: 10.1097/00041444-200506000-00007

Papaleo, F., Sannino, S., Piras, F., and Spalletta, G. (2015). Sex-dichotomous effects
of functional COMT genetic variations on cognitive functions disappear after
menopause in both health and schizophrenia. Eur. Neuropsychopharmacol. 25,
2349–2363. doi: 10.1016/j.euroneuro.2015.10.005

Philippu, G., Hoo, J. J., Milech, U., Argarwall, D. P., Schrappe, O., and
Goedde, H. W. (1981). Catechol-O-methyltransferase of erythrocytes
in patients with endogenous psychoses. Psychiatry Res. 4, 139–146.
doi: 10.1016/0165-1781(81)90017-2

Sanfey, A. G., Rilling, J. K., Aronson, J. A., Nystrom, L. E., and Cohen, J. D. (2003).
The neural basis of economic decision-making in the ultimatum game. Science
300, 1755–1758. doi: 10.1126/science.1082976

Sannino, S., Gozzi, A., Cerasa, A., Piras, F., Scheggia, D., Managò, F., et al.
(2014). COMT genetic reduction produces sexually divergent effects on cortical
anatomy and working memory in mice and humans. Cereb. Cortex 25,
2529–2541. doi: 10.1093/cercor/bhu053

Sannino, S., Padula, M. C., Manag,ò, F., Schaer, M., Schneider, M., Armando,
M., et al. (2017). Adolescence is the starting point of sex-dichotomous COMT
genetic effects. Trans. psychiatry 7:e1141. doi: 10.1038/tp.2017.109

Sescousse, G., Cald,ú, X., Segura, B., and Dreher, J. C. (2013). Processing of
primary and secondary rewards: a quantitative meta-analysis and review of
human functional neuroimaging studies. Neurosci. Biobehav. Rev. 37, 681–696.
doi: 10.1016/j.neubiorev.2013.02.002

Sindermann, C., Luo, R., Zhao, Z., Li, Q., Li, M., Kendrick, K.M., et al. (2018). High
ANGER and low agreeableness predict vengefulness in German and Chinese
participants. Pers. Individ Differ. 121, 184–192. doi: 10.1016/j.paid.2017.09.004

Stein, M. B., Fallin, M. D., Schork, N. J., and Gelernter, J. (2005).
COMT polymorphisms and anxiety-related personality traits.
Neuropsychopharmacology 30, 2092–2102. doi: 10.1038/sj.npp.1
300787

Strobel, A., Zimmermann, J., Schmitz, A., Reuter, M., Lis, S., Windmann, S., et al.
(2011). Beyond revenge: neural and genetic bases of altruistic punishment.
Neuroimage 54, 671–680. doi: 10.1016/j.neuroimage.2010.07.051

Stuckless, N., and Goranson, R. (1992). The Vengeance Scale: development of a
measure of attitudes toward revenge. J. Soc. Behav. Pers. 7, 25–42.
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