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Abstract

Inspired by the roles of serotonin in an emotional aversion to harmful actions, we examined to what extent serotonin
transporter gene (5-HTT)-linked polymorphic region (5-HTTLPR), a proxy for measuring serotonin function, underpinned
the individual differences in moral judgment through cross-sectional analysis and two-wave comparison. The
cross-sectional analysis with a larger cohort (N =1197) showed that the SS carriers of the 5-HTTLPR polymorphism,

corresponding to the low ratio of serotonin recycling from the synaptic cleft, rated impersonal harmful actions (e.g. flipping
a switch to divert a train to hit one person instead of five people) as more permissible as compared with the L-allele carriers.
The two-wave comparison with a subsample from the larger cohort (N =563) indicated that the association between
5-HTTLPR polymorphism and moral permissibility of impersonal harmful actions was stable from wave 1 to wave 2. Thus,

these findings highlight the importance of the 5-HTTLPR polymorphism to harmful moral behaviors.

Key words: moral judgment; personal harm; impersonal harm; serotonin transporter gene; cross-sectional analysis;
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Introduction

Moral judgment refers to an evaluation or opinion regarding
whether one’s behaviors are right or wrong according to ethical
rules such as advocating for others’ well-being and prohibit-
ing harming others (Heiphetz et al., 2018), and thereby, such
judgment is related to one’s humanity identification (Kahane
et al., 2015), prosocial behaviors (Ding et al., 2018; Li et al., 2018)
and psychopathic status (Outhred et al., 2016). Permissibility of
moral judgment, an acceptability for transgression on ethical
rules, is restrained by an emotional aversion to harmful actions

(Gleichgerrchtet al., 2013; McDonald et al., 2017), such that people
are less likely to endorse emotional harms as permissible, even
if doing so would achieve a greater good (Greene et al., 2001;
Koenigs et al., 2012). In light of emotional aversion to social
harms infusing moral judgment, the permissibility of harms in
sacrificial moral dilemmas, where harmful actions promote the
greater good (Greene et al., 2001), is greatly modulated by such
emotion.

Serotonin is an ancient molecule that drives individuals’
avoidant responses to harmful social stimuli (Crockett et al.,
2010; Siegel & Crockett, 2013). Violent social stimuli, harmful
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actions of sacrificial moral dilemmas (i.e. pushing one person
in front of a runaway train to prevent it from hitting five
other people), can trigger salient emotional aversion and
harm-withdrawal responses (Greene et al., 2001; Koenigs et al.,
2012). Studies indicated that serotonin levels in the brain shape
permissibility of moral judgment through an up-regulation
of emotional aversion to harmful actions (Crockett et al.,
2010; Siegel & Crockett, 2013). Specifically, a serotonin adminis-
tration study with 24 health participants indicates that taking
citalopram (a selective serotonin reuptake inhibitor), which
boosts serotonin levels by blocking serotonin reuptake (Sanchez
et al, 2004), makes the subjects judge emotionally salient
harms (i.e. personally killing an innocent person) as more
impermissible compared to taking placebo (Crockett et al., 2010).
Moreover, a serotonin depletion study indicates that a modest
depletion of brain serotonin, relative to place, could abolish one’s
withdrawal behavior in the face of aversive prediction. Therefore,
basing on the previous findings, serotonin could modulate one’s
permissibility rating of moral judgment by amplifying their
emotional aversion and withdrawal behavior to harm.

Serotonin transporter (5-HTT) is a commonly investigated
proxy for measuring serotonin functions. This transporter is
largely recognized for its functions in transporting serotonin
back into the pre-synaptic terminal after serotonin release (De
Felice, 2016). The serotonin transporter gene linked polymorphic
region (5-HTTLPR) is characterized by a short (S) allele and a long
(L) allele, differing in the number of 20-23-base-pair repeated
units. The S allele of this polymorphism is related to a decreased
S-HTT transcription, and thereby increases the synaptic sero-
tonin levels by reducing the ratio of serotonin recycling from
the synaptic cleft (Greenberg et al., 1999; Canli & Lesch, 2007).
Studies have shown that the 5-HTTLPR polymorph is widely
involved in emotion processing (Jonassen & Landro, 2014; Raab
et al., 2016), such that the S allele of this polymorph is related
to high sensitivity to emotional stimuli compared to the LL
genotype (Jonassen & Landro, 2014). Inspired by the determi-
nation of serotonin to emotional aversion (Crockett et al., 2010;
Siegel & Crockett, 2013) and the differential influences of the
alleles of 5-HTTLPR polymorphism on serotonin levels via the
serotonin transporter expression (Greenberg et al., 1999; Canli
& Lesch, 2007), this polymorphism at the individual level may
be involved in permissibility rating of moral behaviors. So far,
a gene-association study with 63 healthy community registers
indicated that the S allele of 5-HTTLPR is associated with lower
permissibility rating of impersonal harms compared to the LL
genotype (Marsh et al., 2011). The findings suggest that the 5-
HTTLPR polymorphism may be associated with moral permissi-
bility through the differential modulations of this polymorphism
on emotion processing. Here, considering the differential effects
of the 5-HTTLPR and citalopram on different types of harms
(impersonal vs personal harms), and the small sample size of
the previous gene-behavior study (Marsh et al.,, 2011), we re-
examined the association with different experimental moral
conditions in a larger sample.

Moral judgment is guided by one’s deontology (i.e. it is wrong
to intervene in a way that causes a sacrifice of a few people)
and utilitarianism (i.e. it is better to preserve a greater number
of people’s well-being at the cost of a few persons’ interests;
Greene et al., 2001; Koenigs et al., 2012). Given that such moral
principles are referenced architectures of moral judgment, and
a person who makes a particular judgment in one context will
make a similar judgment in other contexts (Helzer et al., 2017;
Hannikainen et al., 2018), one’s moral permissibility for a certain
harmful action should be stable across time. However, previ-

ous gene-behavior studies up to date have only examined the
associations between some genetic polymorphisms and moral
judgment in a certain time window (Marsh et al., 2011; Bernhard
et al., 2016; Gong et al.,, 2017; Ru et al., 2017), whether such
associations remain stable across time is still unclear. Therefore,
in this study, we investigated the stability of the association
between 5-HTTLPR polymorphism and moral judgment through
a two-wave longitudinal analysis.

Permissibility rating of moral judgment also depends on
moral contexts such as dilemma type and frame of action
(Crockett et al., 2010; Koenigs et al., 2012; Patil, 2015). The
dilemma type (personal vs impersonal harms) indicates whether
committing direct physical harm is involved in the moral
scenarios (i.e. pushing one person off a bridge to stop a runaway
train car from hitting five people); the frame of action (action
us inaction) refers to whether an action of the protagonist was
taken or not to save five others by sacrificing one person. For
the two binary factors, personal harms and performing harmful
actions induce more salient emotional aversion as compared
with impersonal harms and inactions (Greene et al., 2001). Thus,
we conducted a 2 (dilemma type: personal vs impersonal) x 2
(frame of action: action vs inaction) x 3 (genotype: SS vs SL
us LL) study to examine whether the effects of 5-HTTLPR
polymorphism on moral permissibility depend on emotional
aversion to the harms of moral scenarios.

To overview, the study was conducted with the following
ideas: (1) the moral permissibility rating of the harms in sac-
rificial dilemmas depends on the emotional aversion to harm;
(2) serotonin is assumed to determine emotional aversion to
harm; and (3) the alleles of the 5-HTTLPR differentially influ-
ence serotonin levels via the serotonin transporter expression.
Based on this ideas, we investigated the association of 5-HTTLPR
with individual differences in the permissibility and stability
of gene-behavior association. In the cross-sectional analysis,
we examined the association between the 5-HTTLPR polymor-
phism and moral judgment in a large college-student cohort
(N=1197). Given that high serotonin functions are related to low
moral permissibility (Crockett et al., 2010; Marsh et al., 2011), we
predicted that individuals with the SS genotype of 5-HTTLPR
polymorphism, which is related to a low ratio of serotonin levels
recycled from the synaptic cleft, were more likely to rate harmful
actions as more impermissible than individuals with the SL
and LL genotypes. In a two-wave comparison, we examined the
association between 5-HTTLPR polymorphism and stability of
permissibility ratingin a subsample (N =563) of the larger cohort.
Given that a person who makes a particular judgment in one
context tends to make a similar judgment in other contexts
(Helzer et al., 2017; Hannikainen et al., 2018), we predicted that
individuals with the SS genotype of 5-HTTLPR would rate harm-
ful actions as more impermissible both at wave 1 and wave 2,
with a 6-month interval.

A cross-sectional analysis of the association of
5-HTTLPR polymorphism with moral permissibility

Methods

Participants. One thousand and eight hundred college students
of the Science and Technology University in China were invited
to participate in this gene-behavior study. Within 1 week, 1197
students (823 females, mean age=20.0+1.4 years) voluntarily
contacted us by telephone and signed the informed consents
before the moral judgment assessment. These participants were
ethnically Han Chinese, without any known ancestors of another



ethnic origin. A priori power analysis with G*Power 3.1 (Faul
etal.,2007) indicated that a sample of 787 participants is required
(two-tailed « =0.05, 1— 8 =0.80) if the minimum regression coeffi-
cient reaches 0.01 (i.e. the coefficient of determination R? =0.01).
However, given the high drop-out rate of participants in longitu-
dinal studies, we were inclined to include all participants who
signed up in the study. The study was carried out according to
the principles of Declaration of Helsinki.

Moral judgment assessment. Moral judgment was assessed
with 16 sacrificial dilemma scenarios (Online Supplementary
Materials; Greene et al., 2001). For each scenario, participants
indicated the extent to which the proposed action of the
protagonist was permissible, with ‘1’=totally impermissible
and ‘7’ =totally permissible. To assess the permissibility rating
of different harmful manners and actions, a 2 (dilemma type:
personal vs impersonal) x 2 (frame of action: action vs inaction)
design was adopted. For each experimental condition, we had
four scenarios. The personal scenarios tap the direct physical
harms, while the impersonal scenarios examine the indirect or
remote harms (Greene et al.,, 2001). As for the frame of action
(action vus inaction), the action scenarios involve actual actions
of the protagonist to save five others by sacrificing one person
as compared with the inaction scenarios (Greene et al., 2001). In
this study, the test was administered in pencil-and-paper format
in a group of 15-20 participants. The internal consistency of the
moral judgment assessment, as measured with the Cronbach’s
o, was 0.866 in this sample.

Genotyping. We collected three to five pieces of hair from each
participant to extract genomic DNA with Chelex 100 method
(de Lamballerie et al., 1994). For the 5-HTTLPR polymorphism,
the upstream primer, 5-ATCGCTCCTGCATCCCCCATTAT-3', and
the downstream primer, 5'-GAGGTGCAGGGGGATGCTGGAA—3/,
were recruited (Perez-Edgar et al., 2010). The PCR reaction mix-
ture contained 2.50 pl 2 x reaction mix, 0.20 pl DNA template,
1.90 pl ddH,0, 0.20 pl (25 pmol/pl) upstream primers and 0.20 pl
(25 pmol/pl) downstream primers. The details of PCR procedures
and polyacrylamide gel electrophoresis were described in our
previous study (Yang et al., 2019). The 146 bp DNA fragment
was assigned as the L allele, and the 103 bp DNA fragment was
assigned as the S allele. In the larger sample, the distribution of
genotypes deviated from Hardy-Weinberg equilibrium (SS =909,
SL=249, LL=39), x?=16.67, P <0.001. Moreover, the genotype
frequencies in the sample significantly differed from the report
of the previous study (SS=13, SL=30, LL =20; Marsh et al., 2011),
x%=148.18, P <0.001.

Results

A 2 (dilemma type: impersonal us personal) x 2 (frame of action:
action vs inaction) x 3 (genotype: SS us SL us LL) ANOVA analysis
was conducted to reveal the impacts of the dilemma type, frame
of action and genotypes on the permissibility rating of moral
judgment. The results indicated that there were significant
effects of the dilemma type, F(1, 1196) =219.49, P < 0.001,1? =0.15;
frame of action, F(1, 1196)=172.01, P <0.001, y?=0.13; and
the interaction of dilemma type and frame of action, F(1,
1196) =260.07, P <0.001, n?=0.18. Specifically, the participants
rated impersonal harms as more permissible than personal
harms (meanz+SEM: impersonal vs personal=4.15+0.03 us
3.35+0.03), t(1196) =33.07, P <0.001, Cohen’s d=0.78, and rated
inaction harms as more permissible than action harms (mean +
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SEM: inaction vs action =4.06 £ 0.03 us 3.44 £ 0.03), t(1196) = 24.33,
P <0.001, Cohen’s d =0.58. Moreover, the above analysis indicated
that the genotypes could significantly impact the permissibility
rating for harms at the individual level, F(2, 1196) =4.22, P=0.015,
p2=0.007. As described in the Figure 1, individuals with the SS
carriers (mean + SEM: 3.7940.03, N=909) were more likely to
rate the harms as permissible than individuals with the SL
carriers (mean=+SEM: 3.61+0.06, N=249), P=0.008, Cohen’s
d=0.15, while no significant difference between the SL group
and the LL genotype was found (mean + SEM: 3.58 +£0.14, N =39),
P=0.85, Cohen’s d=0.02, and between the SS group and LL
genotype group, P=0.170, Cohen’s d=0.17. Furthermore, a
three-way interaction between the genotypes, dilemma type
and frame of action on the permissibility rating of moral
judgment were present, F(2, 1196)=3.11, P=0.045, 1%=0.005.
Given the interaction, we examined the impacts of the 5-HTTLPR
polymorphism on the moral permissibility of the four harmful
contexts, respectively. One-way ANOVA analysis indicated
that the 5-HTTLPR polymorphism impacted the permissibility
rating of impersonal action harms, F(2, 1196)=6.50, P=0.002,
12=0.011. The permissibility rating increased as a function of
the number of S alleles, F(1, 1196)=4.85, P=0.028. However,
this polymorphism was not associated with the permissibility
ratings in the other experimental conditions (Figure 1).

The two-wave comparison on the stability of
association between 5-HTTLPR polymorphism and
moral permissibility

Methods

Participants. In wave 2, 634 participants (451 females, mean
age=21.0+1.3 years) from the original sample quit the study
because they graduated (N =180) or moved to other school dis-
tricts (N=454). The other 500 and 63 participants (372 females,
mean age =19.0+ 1.6 years) who participated in the moral judg-
ment assessment at wave 1 (October 2015 to June 2016) were
invited to this study 6 months later (wave 2). As for the 5-HTTLPR
polymorphism of this subsample, the genotype frequencies also
deviated from Hardy-Weinberg equilibrium (SS=441, SL=102,
LL=20), x?>=17.84.67, P <0.001. However, they had no significant
deviation from those of the large sample in wave 1, x?=1.729,
P=0.426.

Moral dilemma assessment. The same 16 moral dilemmas from
wave 1 were used. To check whether the repeated assessment
was confounded by the memory for how they previously
responded to the harms, four non-moral dilemma scenarios
(see in the Online Supplementary Materials) were organized
in the scenarios. For the 16 moral scenarios, participants
indicated the extent to which the proposed action of the
protagonist was permissible (‘1’=totally impermissible to
‘7’ =totally permissible). For the non-moral dilemma scenarios,
participants indicated the extent to which they accepted the
protagonist’s hypothetical option for the dilemma scenarios.
After this, the participants received a post-test that consists of
two non-moral dilemmas (new items) and two moral dilemmas
(old items). The participants were asked to judge whether they
have seen the four dilemma scenarios before 6 months. If the
participants believed that they had seen it, they marked the
scenario as an old item; otherwise, they marked it as a new
item. To assess the accuracy of their memory of moral scenarios
in wave 1, a comparison analysis with Wilcoxon signed-rank test
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Fig. 1. The effects of the 5-HTTLPR polymorphism on the permissibility rating (mean + SEM) of moral dilemmas in the large cohort in wave 1 (SS =909, SL =249, LL =39).

indicated no significant difference in the ratios of reporting new
(the ratio of marked non-moral dilemmas as new vs the ratio of
marked moral dilemmas as new items) between the two types of
scenarios (non-moral dilemmas vs moral dilemmas =0.47 +0.31
us 0.45 £ 0.30), Z=—0.929, P=0.353. The results partially indicated
that the participants did not have a good memory of moral
scenarios from wave 1. The internal consistencies (Cronbach’s
«) of moral scenarios were 0.864 and 0.735 at wave 1 and wave 2,
respectively.

Result

In this subsample, the permissibility ratings of moral judgment
at wave 1 and wave 2 were significantly correlated (impersonal
action: r=0.39, P <0.001; impersonal inaction: r=0.41, P <0.001;
personal action: r=0.37, P <0.001; impersonal action: r=0.35,
P <0.001), suggesting that moral permissibility was stable across
time. To compare the permissibility ratings between the two
time windows and examine the impacts of dilemma types,
frame of actions and genotypes, we conducted a 2 (time win-
dows: wave 1 vs wave 2)x 2 (dilemma types: impersonal vs
personal) x 2 (frame of actions: action vus inaction) x 3 (geno-
types: SS us SL vs LL) ANOVA analysis. The results indicated
that significant impacts of time windows (mean + SEM: wave 1
us wave 2=3.46+0.08 vs 3.90+0.07), F(1, 563) =13.049, P < 0.001,
12=0.023; dilemma types, F(1, 563)=159.937, P <0.001, 2 =0.22;
frame of actions, F(1, 563)=129.930, P <0.001, n2=0.19; geno-
types, F(2, 563)=8.937, P <0.001, n2=0.031; and a four-way inter-
action between the variables, F(2, 1196) = 3.07, P=0.047, 1% =0.005.
With regard to the impact of the genotypes, we found that indi-
viduals with the SS genotype (mean =+ SEM: 3.83+.04, N=441)
were more likely to rate harms as permissibility, compared with
the ones with the SL carriers (mean + SEM: 3.49+0.08, N =102),
P <0.001, Cohen’s d=0.27. In contrast, no significant differences
in the permissibility ratings between the SL and LL genotype
groups were found (mean + SEM: 3.49+0.18, N=20), P=0.98,
Cohen’s d <0.001, and between the SS and LL genotype groups,
P=0.064, Cohen’s d=0.27.

According to the significant four-way interaction between the
above-mentioned variables, we further examined the impacts
of the 5-HTTLPR polymorphism on different experimental
conditions through a two-wave compared analysis. The analysis
indicated that the association between this polymorphism and
permissibility ratings of personal harms was not stable from

wave 1 to wave 2 (Figure 2). In contrast, the associations between
this polymorphism and permissibility ratings of impersonal
actions and impersonal inactions were stable from wave 1 to
wave 2 (Figure 2). The post hoc power analysis indicated that the
sample of 563 participants had 97.12% probability of reaching
significance (two-tailed «=0.05) when the partial n? reached
0.031(i.e. effect size f =0.140).

Discussion

This study examined the association of 5-HTTLPR polymor-
phism with moral judgment in a relatively large cohort and
compared the stability of this association in a subsample of the
large cohort at two time windows. We found that the 5-HTTLPR
polymorphism is associated with moral permissibility rating,
e.g. the SS carriers rate impersonal harms as more permissible.
Moreover, we found that such association is stable over time.
Individuals with the SS genotype are likely to rate the imper-
sonal harms as more permissible at two time windows. The find-
ings provide robust evidence that the 5-HTTLPR polymorphism
at individual level underpins moral judgment.

The previous study showed that serotonin administration
with citalopram makes individuals judge personal harms as
more impermissible (Crockett et al., 2010), through up-regulating
an emotional aversion to prospective harms (Crockett et al., 2010;
Tost & Meyer-Lindenberg, 2010). However, in the current study,
we found that individuals with the SS genotype, corresponding
to high serotonin levels in the synaptic cleft, rate impersonal
harms as more permissible. Several differences between our
study and Crockett’s study may explain the discrepancy. Firstly,
the serotonin administration with citalopram and the genetic
effect of the S allele of 5-HTTLPR may impact the permissibil-
ity rating of moral judgment in opposite directions. Crockett
et al. found that increasing serotonin levels with citalopram
is negatively related to the reduced permissibility rating. Our
gene-association study indicated that an increasing number of
the S allele, which is associated with high synaptic serotonin
levels, is related to high permissibility rating. It is well-known
that the 5-HTT is a key target of commonly prescribed selective
serotonin reuptake inhibitors (Sanchez et al., 2004). Citalopram
can boost synaptic serotonin levels by blocking the retaking
function of 5-HTT, while the S allele of the 5-HTTLPR poly-
morphism is related to the low ratio of serotonin recycling by
down-regulating the 5-HTT expression (Greenberg et al., 1999;
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Fig. 2. The effects of 5-HTTLPR polymorphism on moral permissibility (mean 4+ SEM) in the subsample (SS=441, SL=102, LL =20) in wave 1 and wave 2.

Canli & Lesch, 2007). The opposite effect between citalopram
and the S allele on moral permissibility rating may be attributed
to their differential effects on the functional connectivity of
amygdala during emotion processing (Outhred et al., 2016), such
that the S allele is related to a decreased functional connectivity
while escitalopram could enhance the functional connectivity
(Outhred et al., 2016). Secondly, the increased serotonin levels
induced by an acute citalopram administration can induce an
interim prompting effect (about 1.5-2.0 h) on moral permis-
sibility rating as the synaptic serotonin levels rise (Crockett
et al., 2010), while our gene-association study reveals a long-
term pre-disposition of the 5-HTTLPR polymorphism underlying
moral permissibility rating. Thirdly, citalopram boosts moral
permissibility rating only in cases with salient emotional aver-
sion, while the 5-HTTLPR polymorphism is related to permissi-
bility rating only for impersonal harms. Given that emotional
aversion guides permissibility rating of personal harms while
utilitarian influences the permissibility rating of impersonal
action harms (Moll & de Oliveira-Souza, 2007; Gawronski et al.,
2017), we infer that citalopram and the 5-HTTLPR polymorphism
differentially impact moral permissibility ratings of personal
harms and impersonal harms through different psychological
regulations. Thus, these findings may suggest that escitalopram
boosts permissibility rating by increasing emotional aversion
and the S allele of the 5-HTTLPR regulates permissibility rating
by reappraising the utilitarian.

The previous study indicated that the Caucasians with the
SS genotype of 5-HTTLPR polymorphism rate impersonal harms
as more impermissible (Marsh et al., 2011), while we found that
the Asians with the SS genotype rate impersonal harms as more
permissible. For Caucasians, the enhancement of the S allele
on permissibility rating may attribute to the allele’s roles in
heightening the amygdala activation (Dannlowski et al., 2010;
Lonsdorf et al., 2014; Cheon et al., 2015; Kilpatrick et al., 2015;
Christou et al., 2017). However, ethnic differences in the functions
of S allele in amygdala activation should be noticed. For example,
the S allele heightens the reactivity of the amygdala in Cau-
casians (Dannlowski et al., 2010; Lonsdorf et al., 2014; Cheon et al.,
2015; Kilpatrick et al., 2015; Christou et al., 2017), while this allele
decreases the reactivity of the amygdala in Asians (Lee & Ham,
2008; Li et al., 2012; Long et al., 2014). These findings may suggest
that Asians with the S allele may show lower emotional aversion

to harms than Caucasians with this allele. Therefore, the ethnic
difference in the amygdala activation may contribute to the
different effects of the S allele on moral judgment of Caucasians
and Asians. Moreover, there are significant differences in allele
frequency of 5-HTTLPR among different races, with the highest
frequency in Asians, followed by Amerindian populations (Esau
et al., 2008; Haberstick et al., 2015). The ethnic differences in the
5-HTTLPR also contribute to the divergent phenotypes of psychi-
atric disorders, personality traits and social behaviors of people
from different races (Noskova et al., 2008). We found that the
genotype frequencies in the larger Asian sample significantly
differed from the Caucasian sample from the previous study
(Marsh et al., 2011). According to a cross-cultural psychological
study showing that cultural variation may be a result of gene-
brain interplay (Minkov et al., 2015), the prevalence of the 5-
HTTLPR among races may underpin the ethnic and cultural
differences in moral behaviors (Baartman et al., 1999; Moon,
1986). Thus, the new findings extend our understanding of the
genetic basis of moral judgment. Additionally, as compared with
the previous study (Marsh et al., 2011), we examined the effect of
frame of action as well as dilemma type in a larger population.
The manipulation of dilemma type and frame of action allows us
to investigate the association between 5-HTTLPR and permissi-
bility rating in different moral contexts.

Permissibility rating of moral judgment is guided by one’s
utilitarian and deontology (Moll & de Oliveira-Souza, 2007;
Gawronski et al., 2017). The utilitarian principle addresses the
consequences of harmful action, while the deontology principle
emphasizes one’s duties and universal obligations to others.
For the outcome-focused moral judgment, individuals tend
to be concerned about the norm of saving more people by
sacrificing one person and thus rate impersonal action harm
as less norm violation (Greene et al., 2001). With regard to the
roles of 5-HTTLPR in moral behaviors, the S allele of the 5-
HTTLPR has been related to the high permissibility for unfair
dictator assignments of the Dictator Game (Enge et al., 2017),
which suggests that the S allele could promote permissibility
of preserving one’s well-being by sacrificing other’s interests.
Here, we found that individuals with the SS genotype are
more likely to rate impersonal action harms as permissibility.
Thus, given the link of the S allele with high permissibility for
dictator assignments (Enge et al., 2017), the roles of the S allele
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S5-HTTLPR in increasing permissibility of impersonal harms
may be attributed to its effect on decreasing injustice sense
of utilitarian outcomes.

A central rationale for this study is that serotonin levels (and
thus serotonin regulation via the 5-HTTLPR polymorphism) may
shape moral judgment through emotional aversion to the idea of
causing harm. This hypothesis is derived from the dual-process
theory of moral judgment (Greene et al., 2001). The theory states
that the rejection of harms is rooted in an emotional aversion
to the idea of causing harm. Harms caused by personal actions
are judged as more impermissible than equivalent harms from
impersonal action (Greene et al., 2001). Here, we found that the
5-HTTLPR polymorphism is related to the moral permissibility of
impersonal harms, but not personal harms. The selective genetic
effect may be due to the differential emotional aversions of per-
sonal harms and impersonal harms. In cases of personal harms,
the strong emotional aversion causes individuals to consider the
harmful actions as impermissible (Cushman et al., 2006; Walter
et al., 2012), regardless of the allele at the individual level (Gong
et al.,, 2017). For the impersonal harms, however, the blunted
emotional aversion to conflict between harmful outcome and
innocent intention (Moll & de Oliveira-Souza, 2007; Gawronski
et al.,, 2017) could be differentiated according to genotypes at
the individual level. In this case, the effect of the S allele could
be observed.

We found that the association between the 5-HTTLPR poly-
morphism and moral permissibility is stable over time. Individ-
uals with the SS genotype are more likely to rate impersonal
action harms as permissible from wave 1 to wave 2. Given that
the association of 5-HTTLPR polymorphism with impersonal
inaction harms in the subsample was not replicated in the
larger population, we cautiously conclude that the 5-HTTLPR
polymorphism is associated with moral permissibility rating
only for impersonal action harms. Therefore, these findings sug-
gest that the link between 5-HTTLPR polymorphism and moral
judgment remains stable across time. Moreover, the patterns
of permissibility ratings for different moral dilemma contexts
were stable, although the permissibility ratings significantly
fluctuated within the 6-month interval. However, the results of
the subsample at wave 1 did not match the results from larger
sample though the general patterns remained same, which is
partly attributed to the non-random sampling of the subsample
from the larger sample.

Several limitations should be noticed. Firstly, we adopted the
same hypothetical moral dilemmas to assess the stability of
moral judgment across time. Although the non-moral scenarios
were added in the assessment of wave 2, retention of previous
responses could not be completely ruled out. Secondly, the devi-
ation from Hardy-Weinberg equilibrium of the 5-HTTLPR was
presentin the samples. Given that the comparison analyses were
carried out with factors manipulated within participants, the
deviation was balanced across experimental conditions. How-
ever, the deviation could potentially limit our findings to be
extended to other populations. Finally, the theme of death for
the moral scenarios could effectively induce one’s emotional
aversion to harms. However, it has reduced the generalization of
our findings to other moral scenarios with less serious harms.

Conclusion

The current study demonstrates that the 5-HTTLPR polymor-
phism is associated with individual differences in moral judg-
ment over time. These findings highlight the importance of the
5-HTTLPR polymorphism to moral judgment.
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