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Morality is fundamentally human in nature. Regardless, and even when moral norms
seem to work toward the common goal of human cooperation, which morally
contentious behaviors are permitted and which are prohibited vary across populations.
Because of this occurrence, much scientific debate has revolved around the notion
that this phenomenon might be explained by the interaction between genes and
environment. Alongside, whether the principles cementing the bases of morality are
intuition- or reason-based is another question that has been raised. However, previous
research addressing these topics used explicit measures to probe moral attitudes,
thus being the participants able to intentionally modify or disguise their honest
responses. What's more, while the 5-HTT gene was found to be associated with
anxiety, morality, and even cultural structures, a single genotype—phenotype linkage
cannot be established without considering the multifaceted effects of the 5-HTT gene
on gene-behavior interactions. In order to explore the role of genetics on modeling
moral attitudes and behaviors, we genotyped the 5-HTTLPR in 114 healthy volunteers
and subsequently assessed their explicit justice sensitivity (Justice Sensitivity Inventory)
and moral permissibility judgments, as well as their implicit moral attitudes [moral
implicit association task (mIAT)]. Results revealed that 5-HTTLPR short-allele carriers
had significantly lower mIAT reaction times when answering correctly and were less
compliant on harming another person even when harm or death would inevitably occur
anyway to this other individual. With these preliminary results, we can first see how it
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does not have to be a matter of vouching for a rationalist versus an intuitionist model of
moral judgment, but rather being moral judgment an outcome of the different variants of
the 5-HTTLPR polymorphism affecting the way in which individuals engage contrastingly

with moral issues.

Keywords: 5-HTTLPR, moral judgment, justice sensitivity, implicit moral attitude, moral permissibility

INTRODUCTION

Morality, independently of how we define it, is fundamentally
human in nature (Tomasello and Vaish, 2013). As humanity
began coexisting in groups and sharing resources, thus forming
societies as a mean for survival, we have found ourselves
in the need for sets of moral norms that provide us with
protection against perils that can negatively affect our health
and integrity, while the moral attitudes and behaviors created by
such norms safeguard us from criminal behavior and minimize
social conflict (Yoder and Decety, 2018). Nevertheless, even
though moral norms, attitudes, and behaviors seem to work
toward the common goal of human cooperation, which morally
contentious behaviors are permitted and to what extent, and
which are prohibited, vary across populations (Mrazek et al.,
2013). Such variation on permissibility can be attributed to the
interaction between gene inheritance and its expression driven
by environmental factors (Marsh et al., 2011; Mrazek et al., 2013;
Bernhard et al., 2016; Gong et al., 2017).

The neuromodulator serotonin influences both a wide range
of purely physiological tasks and those functions involved
with more complex outcomes such as behavior and cognition
(Jacobs and Azmitia, 1992; Jonnakuty and Gragnoli, 2008).
The 5-HTTLPR is a polymorphism in the promoter region of
the serotonin transporter encoding gene, whose two different
variants (short and long) have differential effects on the
way the serotonin transporter carries out its task, with
the short (S) version transporting significantly less serotonin
back to the presynaptic neuron when compared to the long
(L) version, hence leaving an excess of serotonin in the
synaptic cleft to continue stimulating the serotonin receptors
(Canli and Lesch, 2007).

Consequently, being an S-allele carrier has been previously
associated with anxiety-related traits and neuroticism (Lesch
et al., 1996; Mazzanti et al., 1998; Greenberg et al., 2000;
Schinka et al., 2004; Sen et al., 2004; Munafo et al., 2005).
Moreover, a study (Marsh et al, 2011) yielded findings that
being an L-allele carrier may predict having utilitarian moral
judgments when compared to S-allele carriers, the latter of
whom were observed to possess moral judgments that are to
be classified as deontological. Alongside said study, there has
been other research supporting the notion that gene inheritance
can impact moral attitudes and moral decision-making. For
instance, two different studies have observed the influence
of the oxytocin receptor gene (OXTR) on moral judgments
(Bernhard et al., 2016) and blame attribution (Walter et al.,
2012). The first study regarding the OXTR gene observed
that those carriers of the T-allele were more likely to exhibit
deontological judgments (Bernhard et al, 2016). Conversely,

the second study observed that those with the C allele of the
OXTR assigned more blame to harm committed accidentally
than those non-carriers of said allele (Walter et al., 2012).
Another study investigating the CAG polymorphism of the
androgen receptor gene (Gong et al., 2017), which regulates
testosterone function, yielded the interesting results that the CAG
polymorphism modulated moral permissibility to harm only in
female subjects. That is, women with more S-allele copies (which
translates to higher testosterone availability) were more likely
to be permissible toward harmful-utilitarian and unintentional-
harmful behaviors, effects that male subjects did not exhibit.
Furthermore, and returning to the 5-HTT polymorphism, a study
encompassing 21 nations found that those countries with a higher
frequency of S-allele carriers among their populations were
those countries subject of continuous environmental threat (e.g.,
diseases, unfavorable weather conditions, etc.) and contained in
their territories societies, which evolved and supported cultures
where morally contentious behaviors were less permitted, when
compared with those nations with higher frequency of L-allele
carriers, as resources leading to their survival needed to be
controlled more tightly (Mrazek et al, 2013). Interestingly,
a study by Brandt and Wetherell (2011) provided strong
evidence supporting the notion that the more prone an attitude
is to be genetically inherited, the more likely it is to be
experienced as moral.

Nevertheless, the aforementioned studies used questionnaires
and sets of moral dilemmas as behavioral data for their
associations, both of which are self-reported measures that probe
explicitly for moral attitudes, thus leaving the veracity of these
instruments to the ability of the participants to intentionally
modify or disguise their honest responses. As an answer to
this issue, besides assessing the relationship between the 5-
HTTLPR polymorphism and explicit moral attitudes, this study
also utilized the morality version of the Implicit Association Test
[moral implicit association task (mIAT)], to assess the individual’s
involuntary attitudes to morally laden scenarios (Greenwald
et al., 1998; Luo et al, 2006). The mIAT (or every version of
the IAT for that matter) rests on the ability of the individual to
categorize as quickly as possible two concepts with an attribute
(e.g., “moral” vs. “immoral” actions for an evaluation attribute).
The easier and quicker the subject forms correct associations
between such concepts and the designated attribute, the more
strongly are they considered to be associated in memory, in
contrast to when it takes more time and it is more difficult for the
individual to do so, even when this slower response might also
result in a correct pairing. Because of this design, this computer-
based test helps reveal attitudes that, because of their underlying,
automatic nature, ordinarily exist out of the subject’s scope of
awareness (Greenwald et al., 1998).
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The objective of this study is to assess the association
between implicit attitudes and the genotype variants of the 5-
HTTLPR polymorphism, while also considering the multifaceted
effects of the microenvironment on gene-behavior interactions,
specifically on the permissibility of harmful behaviors. Given
the impact of the “epigenetic” mechanisms that encode
environmental information from both internal and external
bodily sources, a single genotype-phenotype linkage cannot be
established without simultaneously considering the multifaceted
effects of the 5-HTT gene, which has been found to be associated
with anxiety, morality, and even culture structures (Fergusson
et al.,, 2011; Mrazek et al., 2013; Perkins et al., 2013; Yang et al,,
2019). Furthermore, the present study can also help us shed some
light on the well-known argument of affect and cognition in
regard to morality. It is plausible to see how it does not have to
be a matter of choosing to vouch for a rationalist model (Piaget,
1932; Kohlberg, 1984) versus an intuitionist model (Haidt,
2001) of moral judgment, but rather being both two different
outcomes of the same model, where moral judgment appears
as the product of the interaction between environmental factors
and the different variants of the 5-HTTLPR polymorphism,
and affecting the way in which individuals engage contrastingly
with moral issues.

MATERIALS AND METHODS

Participants

This study was part of the social neuroscience project:
From Genetic Heterogeneity and Brain Connectome to Social
Neuroscience (YM104078E), carried out in the National Yang-
Ming University, which investigates the individual difference in
genetic heterogeneity, anxiety, moral attitudes, brain structure
and functions, and their relations with the neuropharmaceutical
drug: lorazepam (2016/10/11 to 2018/09/30). During this period,
we evaluated 567 adults [(male-to-female ratio, 266/301), aged
between 18 and 63 years (25.66 & 8.19 years)], who were recruited
from the general population using an online survey disseminated
through social media and were having their first appointment
in the Social Neuroscience Laboratory. The genetic part of this
study comprised 114 adults (male-to-female ratio, 53/61), aged
between 18 and 46 years (23.4 & 4.03 years). All participants were
Han Chinese and right-handed. They participated in the study
after providing written informed consent and were screened
for major psychiatric illnesses (e.g., general anxiety disorder) by
the Structured Clinical Interview for Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition Axis I Disorders,
and excluded if there was evidence of comorbid neurological
disorders (e.g., dementia, seizures), history of head injury, and
alcohol or substance abuse or dependence within the past 5 years.
All participants had normal vision. The subjects were included in
the data analysis and subdivided into three groups on the basis
of their genotyping results; participants possessing one copy of
the S allele and one copy of the L allele were included in the
L/S group, and those homozygous for the S or L allele were
included in the S/S or L/L group, respectively. This study was
approved by the ethics committee of the National Yang-Ming

University Hospital and conducted in accordance with the
Declaration of Helsinki.

DNA Extraction and 5-HTTLPR
Genotyping

Buccal cells were harvested from the inner cheek of each subject
to provide DNA for genetic testing. The DNA was extracted from
buccal swabs using a QIAamp DNA Mini Kit. The procedure
employed a polymerase chain reaction (PCR)-based protocol
followed by restriction endonuclease digestion to identify the 5-
HTTLPR that are located in the promoter region of the serotonin
transporter gene (SLC6A4) and rs25531 variants: S, LA, and
LG. Forward primer: 5-TCCTCCGCTTTGGCGCCTCTTCC-
3" and reverse primer: 5-TGGGGGTTGCAGGGGAGATCCT-3
(10 pM each) were used for 50 L PCR containing approximately
25 ng DNA, 25 pL Taq DNA Polymerase 2x Master Mix Red
(Ampliqon) and ddH2O, with an initial 5-min denaturation step
at 95°C followed by 35 PCR cycles of 95°C (30 s), 65°C (40 s),
and 72°C (30 s) and a final extension step of 5 min at 72°C.
To distinguish the A/G single-nucleotide polymorphism of the
rs25531, we extracted 10 pL of the PCR product for digestion by
FastDigest Hpall (Thermo, FD0514), an isoschizomer of Mspl,
a total reaction of 20 pL. These were loaded side by side on
2.5-3.0% agarose gel.

General Procedures

In this study, we used the Justice Sensitivity Inventory (JSI),
mIAT, and moral dilemma to assess dispositional justice
sensitivity, implicit moral attitudes, and moral permissibility to
harm, respectively. Self-reported anxiety levels were determined
using the State-Trait Anxiety Inventory (STAI) (Spielberger et al.,
1970). Participants completed these tasks in a counterbalanced
order after sampling their buccal cells.

Dispositional Justice Sensitivity

The JSI is a self-report psychometric measure that assesses four
perspectives of justice sensitivity (them being victim, beneficiary,
observer, and perpetrator justice sensitivity) and produces four
scores between 1 and 7, which index an individual’s disposition
to react to unfair situations. Each perspective has 10 items, which
are rated on a seven-point scale from 0 (not at all) to 7 (strongly
agree). The scores indicate an individual’s perceptual threshold of
moral norm violation and injustice. The closely related subfactors
of beneficiary, observer, and perpetrator sensitivity are collapsed
to create a measure of other-oriented sensitivity (Edele et al.,
2013). Although related, self-orientation and other-orientation
represent reliably distinct constructs that can exert independent
and opposing influences on behavior (Gollwitzer et al., 2009).
Self-orientation tends be associated with higher neuroticism and
lower agreeableness, whereas other-oriented justice sensitivity is
related to high agreeableness, conscientiousness, and empathy
(Schmitt et al., 2010).

Implicit Moral Attitude (mIAT)

The mIAT was modified with animations and words for the
stimuli. The verbal stimuli included 26 extremely pleasant and
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26 extremely unpleasant words, selected from high frequently
used Chinese words (Chen et al., 2002). The animation stimuli
comprised 47 clips depicting everyday dyadic interactions. In
each animation, the action is characterized as either a moral
or immoral action based on an outcome of personal assistance
or harm (Yoder and Decety, 2014a,b). The mIAT followed
the experimental design proposed by Greenwald et al. (1998),
including the five discrimination blocks:

Block 1 starts with the “initial target-concept discrimination.”
Participants categorize the clips as moral (right response key)
or immoral (left response key).

Block 2 is termed as “attribute discrimination.” Participants
categorized words as negative (right response key) or positive
(left response key).

Block 3 “target-concept discrimination” combines Blocks 1
and 2 with clips and words randomly presented in alternative
trials. The moral clips share a right response key with negative
words, and immoral clips share a left response key with
positive words (moral-negative/immoral-positive).

Block 4 is known as “reversed target-concept discrimination.”
Participants learn a reversed response assignment for Block 1
and judged if clips are moral (left response key) or immoral
(right response key).

Block 5 combines Blocks 2 and 4. The immoral clips share
a right response key with negative words, and moral clips
share a left response key with positive words (immoral-
negative/moral-positive).

Two block sequences (12345/42513) were counterbalanced
to control for the sequential effect. Half of the participants
experienced the incongruent block first, and the other half
completed the congruence block first. Blocks 1, 2, and 4
contained 20 trials each, whereas Blocks 3 and 5 (incongruent
and congruent blocks) contained 40 trials each. Words and/or
clips within each block were presented in a random order.
Each trial consisted of a 1,000-ms presentation of a fixation
cross followed by a stimulus. The stimuli were viewed on a
computer and administered using E-Prime version 2.0 software
(Psychology Software Tools). Participants were instructed to
classify each word or clip as fast and accurately as possible. There
were 10 practice trials before participants started Block 3 or 5.
The accuracy rate and reaction time (RT) during Blocks 3 and
5 were recorded.

The mIAT performance, as indexed by D scores, represents the
implicit moral attitude. The D score was calculated by subtracting
the mean RT of congruent (immoral-negative) blocks from that
of incongruent (immoral-positive) blocks and dividing it by the
pooled standard deviation across the two blocks (Nosek et al.,
2014). The higher D scores might come from higher RTs for
the incongruent blocks, or lower RTs for the congruent blocks.
Because the IAT relies on the RT differentials, which are highly
sensitive to outliers and extreme values, reaction times exceeding
two times the standard deviation from the subject means were
excluded from the set of valid responses (outliers accounted for
<3% of all the responses). Additionally, extreme responses—
either very slow or very fast—can indicate inattention to the task

performance rules. Exclusion criteria were applied for RTs faster
than 300-ms and slower than 3,000-ms cutoff boundary response
latency (extreme responses accounted for <1% of all responses)
(Nosek et al., 2014).

Moral Dilemma Task

Based on previous work (Greene et al., 2001, 2004, 2009; Huebner
et al.,, 2011)', 48 moral dilemmas were selected in order to make
two versions of the moral judgment task balanced on emotional
intensity (Koenigs et al., 2007). Each version consists of 24
dilemmas with nine non-moral dilemmas (e.g., driving a turnip
harvesting machine, and depending on whether you choose the
left path or the right path, you will harvest 10 or 20 bushels of
turnips, respectively), five impersonal dilemmas, and 10 personal
dilemmas. The impersonal dilemmas involve indirect harm (e.g.,
flipping a switch, as in the trolley dilemma), whereas personal
dilemmas include harm through direct physical contact. The
personal dilemmas are further divided into dilemmas in which
the death of or harm to the victim is inevitable (e.g., Rescue 911
dilemma, described below in the discussion), or evitable (e.g.,
pushing a stranger to his death to save other peoples lives, as
with the footbridge dilemma). Moral permissibility judgments
are higher for transgressions that lead to inevitable harm by the
principle of lesser evil (Hauser, 2006; Mikhail, 2007). Dilemmas
were translated from English to Chinese and then translated back
from Chinese to English and checked for consistency by a native
English speaker. Participants read and responded to the dilemmas
at their own pace.

RESULTS

Dispositional Traits and Morality
Intercorrelations among measures of anxiety, dispositional
justice sensitivity, implicit moral attitudes, and moral
permissibility were first inspected to identify the potential
contributing factors that could modulate moral permissibility of
harm (Figure 1 and Supplementary Table 1). Significant factors
(p < 0.05, one-tailed) were further included into a univariate
general linear model to examine the true effect of the 5SHTT
polymorphism on the dilemmatic moral decisions (Table 1).
State anxiety was positively correlated with the permissibility
of inevitable harm, but negatively correlated with non-moral
and impersonal harm. Implicit moral attitudes (mIAT) were
positively correlated with the permissibility of inevitable harm.

Genotyping Distribution

5-HTTLPR polymorphism was found to have allele frequencies
of S, n = 163 (71.5%); LA, n = 24 (10.5%); and LG, n = 41
(18%), and a genotype distribution of S/S, n = 62 (54.4%); S/LG,
n=23(20.2%); LG/LG, n =6 (5.3%); S/LA, n =16 (14%); LG/LA,
n =6 (52%); and LA/LA, n = 1 (0.9%). Genotype distribution
of the 5-HTTLPR across all participants was in Hardy—-Weinberg
equilibrium, %x2(3) = 3.84, p = 0.28. The following analyses
employed the genotype groups: L/L = 13, L/S = 39, and S/S = 62.

'http://www.cell.com/neuron/supplemental/S0896-6273(04)00634-8
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STAI-S
STAI-T
JSl-self
JSl-other
mIAT
MP-personal evitable
MP-personal inevitable
MP-nonmoral
MP-impersonal

permissibility; + p < 0.1; *p < 0.05; #p < 0.001.

FIGURE 1 | Significance plot of the intercorrelations among dispositional measures of anxiety, justice sensitivity, implicit moral attitudes, and moral permissibility.
State anxiety was positively correlated with the permissibility of inevitable harm, but negatively correlated with non-moral and impersonal harm. Implicit moral attitude
(mIAT) was positively correlated with the permissibility of inevitable harm. The colors and color bar values (right) represent the Pearson correlation coefficient (For the
exact values, see Supplementary Table 1). STAI, state-trait anxiety inventory; JSI, justice sensitivity inventory; mIAT, moral implicit association test; MP, moral
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5-HTTLPR polymorphism did not affect age (L/L, L/S, S/S,
mean £ SE: 22.08 4+ 0.6 vs. 24.51 £+ 0.73 vs. 22.98 £+ 0.49;
p = 0.1) and gender (L/L, L/S, S/S, male (% of total): 54% vs.
49% vs. 44%; p = 0.8).

Dispositional Justice Sensitivity Results

A one-way analysis of variance (ANOVA) was performed as
to assess the relationship between the 5-HTTLPR genotype
groups (L/L, L/S, S/S) and self-oriented (46 £ 2.95, 46 £ 1.62,
44.6 £ 1.36, mean =+ SE, respectively) and other-oriented
(43.5 = 2.51, 46 £ 1.80, 44.6 £ 1.05, mean =+ SE, respectively)
justice sensitivity (Figure 2). The results yielded no significant
differences between group means neither when it comes to self-
oriented justice sensitivity [F(2,111) = 0.245, p = 0.783] nor when
it comes to other-oriented justice sensitivity [F(2,111) = 0.399,
p = 0.672]. Furthermore, a one-way multivariate analysis of
covariance (MANCOVA) was performed to assess the exact
same relationship between variables but controlling for age
and gender. Nevertheless, results remained non-significant when

TABLE 1 | Results of the univariate general linear model based on the
permissibility of personal inevitable harm as dependent variable and age, gender,
STAI-S, mIAT, and 5-HTTLPR polymorphism as independent variables.

Independent variable Model (MP-personal inevitable harm)

df F p n?

Corrected Model 5 2.376 0.044 0.1

Intercept 1 0.247 0.620 0.002
Gender 1 1.632 0.204 0.015
Age 1 1.605 0.208 0.015
STAI-S 1 0.657 0.419 0.006
mIAT 1 1.558 0.215 0.014
5-HTTPLPR genotype 1 4.034 0.047 0.036

it comes to mean differences between the genotype groups
on the combined dependent variables after controlling for the
aforementioned covariates [F(4,216) = 0.391, p = 0.815, Wilks’
A =0.986, np? = 0.007].

Implicit Moral Attitude (mIAT) Results

Subsequently, a one-way ANOVA was also performed to
assess the relationship between genotype groups and D scores
obtained from the mIAT. The results yielded a statistically
significant difference between genotype group mean D scores
[F(2,111) = 3.432, p = 0.036]. Post hoc analyses revealed
that D scores were significantly lower in those homozygous
for the S allele (0.68 % 0.042, mean =+ SE, p = 0.024) when
compared to those homozygous for the L allele (0.91 £ 0.071,
mean £ SE, p = 0.024) (Figure 3). There was no statistically
significant difference, however, between the heterozygous
(L/S)(0.80 £ 0.058, mean =+ SE) and the homozygous (S/S and
L/L) groups of alleles (p = 0.069 and p = 0.318, respectively).
Moreover, a one-way analysis of covariance (ANCOVA) was
performed as to again control for age and gender. The analysis
results showed that the difference between genotype group mean
D scores remained statistically significant also when controlled
by the aforementioned covariates [F(2,109) = 3.242, p = 0.043,
np? = 0.056]. Post hoc analyses further underlined the statistically
significant difference between the lower mean D scores among
those homozygous for the S allele and the higher D scores
among those homozygous for the L allele (p = 0.024), whereas
the difference in means between those with heterozygous alleles
(L/S) and those with homozygous alleles (S/S and L/L) remained
non-significant (p = 0.102 and p = 0.276, respectively).
Furthermore, when performing a linear regression analysis,
and controlling for age and gender, there appears to be a
statistically significant linear association when the genotype
group (number of risk allele “S”) is included as the independent
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FIGURE 2 | Association between the 5-HTTLPR genotype groups and self-oriented and other-oriented justice sensitivity. In the one-way ANOVA performed to
assess the relationship between the serotonin transporter genotype groups (L/L, L/S, S/S), and self-oriented (46 + 2.95, 46 + 1.62, 44.6 + 1.36, mean + SE,
respectively) and other-oriented (43.5 + 2.51, 46 + 1.80, 44.6 + 1.05, mean =+ SE, respectively) justice sensitivity, the results yielded no significant differences
between group means neither when it comes to self-oriented [F(2,111) = 0.245, p = 0.783], nor when it comes to other-oriented justice sensitivity [F(2,111) = 0.399,
p =0.672]. In the same manner, the MANCOVA performed to assess the same relationship but controlling for age and gender was also non-significant

variable, and mIAT D scores are used as the dependent variable
[F(3,110) = 2.514, p = 0.012, R? = 0.064]. These results show there
is a decrease of 0.117 points in the participants’ D scores as a
function of a one increase in S alleles being carried.

Moral Permissibility of Harmful Behavior

in Moral Dilemma Task

When it comes to the association between the genotype
groups of the 5-HTTLPR and the moral dilemmas, the one-
way ANOVA revealed that genotype group mean differences
were statistically significant when it comes to personal moral
dilemmas where harm or death to another individual is inevitable
[F(2,111) = 3.196, p = 0.045]. However, there were no statistically
significant differences among the other dilemmas, these being
non-moral dilemmas [F(2,111) = 0.318, p = 0.728], impersonal
moral dilemmas [F(2,111) = 0.419, p = 0.658], and personal
moral dilemmas where harm or death to another individual is
evitable [F(2,111) = 0.089, p = 0.915]. Post hoc analyses further
showed that in the personal moral dilemmas with inevitable
harm or death, those homozygous for the S allele (34.27 £ 3.55,
mean =+ SE, p = 0.048) were less compliant on harming another
person, even when harm or death would inevitably occur to
this other individual, when compared to those homozygous
for the L allele (51.92 + 9.16, mean £ SE, p = 0.048). In
the same manner, the difference between the means of those
homozygous for the S allele and those with heterozygous alleles
(L/S) (46.15 + 4.64, mean =+ SE, p = 0.047) was also significant.
Nevertheless, there was no statistically significant difference
between the means of those with heterozygous alleles (L/S)
and those with homozygous L alleles (p = 0.535) (Figure 4).
However, when performing the MANCOVA as to include gender
and age as covariates in the model, the association between the
genotype group on the combined dependent variables means

became non-significant [F(8,212) = 1.103, p = 0.362, Wilks
A = 0.922, np? = 0.040]. Nevertheless, there appears to be
a statistically significant linear association when the genotype
group (number of risk allele “S”) is used as the independent
variable, and the responses to personal moral dilemmas with
inevitable harm or death are included as the dependent variable
in a linear regression model controlling for age and gender
[F(3,110) = 3.256, p = 0.019, R? = 0.082]. These results showed
a 9.27% decrease in the participants’ willingness to answer
positively to perform an action that would have as an outcome
harm or death (even when such harm or death is in the
end inevitable) to another person, as a function of a one
increase in S alleles being carried. A univariate general linear
model, based on the permissibility of personal inevitable harm
as dependent variable, and age, gender, STAI-S, mIAT, and
S5HTTLPR polymorphism as independent variables, was applied
to examine the effect of the 5HTT polymorphism. The SHTT
genotype remained significant after controlling for the STAI-S
and mIAT (Table 1).

DISCUSSION

The aim of the present study was mainly that of assessing
implicit attitudes in relation to the genotype variants of the 5-
HTTLPR polymorphism, while also considering the multifaceted
effects of the microenvironment on gene-behavior interactions,
specifically on the permissibility of harmful behaviors. This would
help us tackle the well-known and widely debated argument
of affect versus cognition in regard to moral decision-making.
Given the impact of the “epigenetic” mechanisms that encode
environmental information from both internal and external
bodily sources, a single genotype-phenotype linkage cannot be
established without simultaneously considering the multifaceted
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between genotype group mean D scores [F(2,111) = 3.432, p = 0.036]. Post hoc analyses revealed that D scores were significantly lower in those homozygous for
the S allele (0.68 + 0.042, mean + SE, p = 0.024) when compared to those homozygous for the L allele (0.91 &+ 0.071, mean + SE, p = 0.024). There was no
statistically significant difference, however, between the heterozygous (L/S)(0.80 + 0.058, mean + SE) and the homozygous (S/S and L/L) groups of alleles

(o = 0.069 and p = 0.318, respectively). The subsequent ANCOVA showed that the difference between genotype group mean D scores remained statistically
significant also when controlling by age and gender [F(2,109) = 3.242, p = 0.043, np? = 0.056]. Post hoc analyses further underlined the statistically significant
difference between the lower mean D scores among those homozygous for the S allele and the higher D scores among those homozygous for the L allele

(o = 0.024), whereas the difference in means between those with heterozygous alleles (L/S) and those with homozygous alleles (S/S and L/L) remained
non-significant (p = 0.102 and p = 0.276, respectively). Likewise, the linear regression analysis exhibited a statistically significant linear association between genotype
group (number of risk allele “S”) and mIAT D scores [F(3,110) = 2.514, p = 0.012, R = 0.064], and controlling for age and gender. Accordingly, there is a decrease of
0.117 points in the participants’ D scores as a function of a one increase in S alleles being carried.
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FIGURE 4 | S-allele carriers of the 5-HTTLPR polymorphism exhibited deontological moral judgments for personal inevitable moral dilemmas. The one-way ANOVA
revealed that genotype group mean differences were statistically significant for personal moral dilemmas where harm or death to another individual is inevitable
[F(2,111) = 3.196, p = 0.045]. Post hoc analyses further showed that in the personal inevitable moral dilemmas, those homozygous for the S-allele (34.27 + 3.55,
mean + SE, p = 0.048) were less compliant on harming another person, even when harm or death would inevitably occur to this other individual, when compared to
those homozygous for the L allele (51.92 + 9.16, mean + SE, p = 0.048). In the same manner, the difference between the means of those homozygous for the S
allele and those with heterozygous alleles (L/S) (46.15 + 4.64, mean + SE, p = 0.047) was also significant. Nevertheless, there was no statistically significant
difference between the means of those with heterozygous alleles (L/S) and those with homozygous L alleles (o = 0.535). Furthermore, there is a statistically significant
linear association between genotype group (number of risk allele “S”) and personal inevitable moral dilemmas, when controlling for age and gender [F(3,110) = 3.256,
p =0.019, R? = 0.082]. Hence, there is a 9.27% decrease in the participants’ willingness to answer positively to perform an action that would have as an outcome
harm or death (even when such harm or death is in the end inevitable) to another person, as a function of a one increase in S alleles being carried.

effects of the 5-HTT gene, which has also been found to be
associated with anxiety, morality, and even cultural structures
(Fergusson et al., 2011; Mrazek et al., 2013; Perkins et al., 2013;
Yang et al., 2019). While anxiety was found to be significantly
associated with the permissibility to harm, the direction of
such correlation was opposite, depending on the emotional
valence and moral justification behind the harmful behaviors.

When a harmful action was performed for the noble goal
of benefitting the majority, even though such action bore an
inevitable sacrifice, individuals with higher anxiety were found
to release themselves and show more willingness to become
the driving force of this type of harmful behaviors. However,
when the harm was not inevitable and could be explicitly
attributed to the agents, individuals with higher anxiety were
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reluctant to administer it. Implicit moral attitudes, which refer
to the immediate, unintentional tendency or inclination toward
moral correctness and to deviate from wrongness of actions,
were also found positively correlated with the permissibility
of inevitable harm. However, the 5-HTT genotype remained
significant after controlling for both the STAI-S and mIAT scores.
These results are supported by the Differential Susceptibility
Hypothesis (Belsky, 2016), which explains how individuals
experience life circumstances and events in a differing manner,
dependent on preexisting biological factors, and which may result
in certain predispositions.

Furthermore, the analyses revealed that the D scores were
significantly lower in those homozygous for the S allele when
compared to those homozygous for the L allele, even when
controlled for age and gender. In the association between the
polymorphism and the moral dilemmas, those homozygous for
the S allele were less compliant on harming another person,
even when harm or death would inevitably occur anyway to this
other individual, relative to those homozygous for the L allele.
In regard to justice sensitivity, the results yielded no significant
differences between group means neither when it comes to self-
oriented justice sensitivity nor when it comes to other-oriented
justice sensitivity.

The S-allele carriers obtained lower D scores than those
homozygous for the L allele. A lower D score reflects lower RTs
when performing the mIAT; thus, the S-allele carriers were better
able to switch rapidly between tasks and respond accordingly. It is
possible this effect is due to two mechanisms. The first is in regard
to increased amygdala reactivity, which consequently heightens
vigilance (Canli and Lesch, 2007). Because the amygdala is
implicated in the automatic evaluation of socially relevant stimuli
and expression of implicit attitudes (Phelps et al., 2000), it
is reasonable to infer that S-allele carriers are overpowered
by such implicit processes and rely more in moral intuitions
(Feinberg et al,, 2012), whereas L-allele carriers are able to
override them, thus being able to have enough cognitive capacity
to reason through the task (Lucas and Galinsky, 2015), albeit
consequently slowing their reaction times, as it has also been
seen that those homozygous for the L allele can have an enlarged
Dorsolateral Prefrontal Cortex (dIPFC), although this research
observed this phenomenon on emotionally neglected children
(Frodl et al.,, 2010). Second, the mechanism can be due to
environmental constraints, as the hypervigilance of which S-allele
carriers are subject to makes them more attentive to tasks
and even to environmental dangers. A study encompassing 21
nations revealed that those societies with a higher frequency of
S-allele carriers among their population accepted less morally
contentious behavior; thus, the society was characterized as being
culturally tight. Interestingly, this phenomenon correlated with
the ecological threat these nations were or are subject to. In
other words, the more ecological threat the nation had been
through in history, hence, the more resources it needed to take
care of in order to survive, the less these societies justified
morally deviant behavior, finding which correlated positively
with increments in the amount of S-allele carriers among the
different countries’ populations (Mrazek et al., 2013). In the same
vein, although justice sensitivity was not found to be significantly

associated with the permissibility of harm, it was found to be
modulated by anxiety and implicit moral attitudes, both of which
were intercorrelated with the 5-HTT polymorphism. These
results show ecological and gene-environmental interactions and
help explain why Han Chinese participants exhibit a higher
proportion of the S/S genotype and a lower frequency of the L/L
genotype than that observed in Caucasian populations, where the
S allele was seen as conferring less susceptibility toward anxiety
in Asian people (Chen et al., 2020).

In regard to moral dilemmas and dispositional justice
sensitivity, there were no significant differences between groups
in neither of both endeavors. This is very likely due to their
nature as self-reported measures assessing explicit—thus, direct
and consciously controlled—cognition (Greene et al., 2001,
2004, 2009; Schmitt et al., 2010; Huebner et al., 2011), which
can be easily falsifiable depending on context and expectations
(Greenwald and Banaji, 1995). The one subscale exhibiting a
significant difference, though, was that of personal-inevitable
moral dilemmas in the moral dilemma task, where those
homozygous for the S allele showed lower scores, hence being
less likely to endorse harm or death to another person—than
those homozygous for the L allele. The personal-inevitable
moral dilemmas subsection is composed of moral predicaments,
which in order to be solved, an action entailing direct physical
contact (personal)—such as pushing a stranger into some train
tracks—is required, and such harm or death to the victim is
inevitable, independently of the responder deciding to act or
not. One example of a personal-inevitable moral dilemma is
that of the “Rescue 911 dilemma”™: the participant imagines
himself in the place of the leading character, who is flying
in a helicopter that suffers a technical error; because of this
issue, the participant needs to decide if he throws off one
of the patients, the helicopter is carrying as to lighten the
aircraft and be able to continue on its way. If the participant
decides not to make the sacrifice, however, the helicopter would
fall, and absolutely all of its passengers would die anyway—
including the patient who was decided was not going to be
thrown (Christensen et al., 2014). An explanation for why this
was the only scale with a significant difference between those
homozygous for the S allele and the homozygous for the L
allele, even when the answers can be falsified, might be due
to the differential way in which emotions arise between these
two groups of participants. While studies have shown that
personal moral dilemmas in general elicit increased emotional
arousal than impersonal moral dilemmas—with the majority of
the participants choosing the deontological option (Christensen
et al, 2014; Zhao et al, 2016)—when it comes to personal-
inevitable moral dilemmas, participants tend to choose the
utilitarian option (Huebner et al., 2011; Christensen et al., 2014),
this due to the principle of lesser evil (Hauser, 2006; Mikhail,
2007). In the case of the S-allele carriers, we can entertain the
possibility that the aforementioned emotional arousal elicited by
personal moral dilemmas as a whole is increased even further
by the amygdala hyperreactivity in which S-allele carriers incur
(Canli et al., 2005; Canli and Lesch, 2007), thus driving these
subjects to choose deontological responses to the personal moral
dilemmas even in inevitable circumstances. To explain this point
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further, we have to take into account that utilitarian moral
judgments are driven by the same underlying mechanisms as
risky and uncertain choices—defining these as those choices
made without any knowledge of what the consequences might
be (Kahneman and Tversky, 1984)—this is due to the fact that
while the outcome of the deontological options in the moral
dilemmas task is clearly known, in the utilitarian options the
psychological burden (e.g., how intense or for how long guilt
and regret will last) due to choosing such actions is not clear;
hence, compared to the deontological choice, the utilitarian
option is analogous to risk and uncertainty, two situations that
S-allele carriers seem to avoid. In fact, Lucas and Galinsky (2015)
posit that it is the downregulation of negative affect (either
by blunting emotional reactivity or by facilitating strategies
for emotion regulation) that promotes utilitarian and risky
choices and that it is the upregulation of such negative affect
(which serotonergic activity produces) that inhibits utilitarian
preferences. Moreover, theoretically based models of choice
under uncertainty propose that risky gambles and utilitarian
options are chosen by people when the rewards offered are
enough to suppress uncertainty-related anxiety, or when people
possess enough cognitive capacity so that moral affects and
affective reactions are overridden, because this makes them more
capable of reasoning through the moral decision-making process
(Greene et al., 2001; Loewenstein et al., 2001).

Extant literature lends evidence supporting this dual-
process model, where utilitarian choices solely recruit cognitive
resources, are diminished by cognitive load, and are stimulated
by the necessity for cognition (Greene et al., 2008; Conway and
Gawronski, 2013). Concerning emotion regulation, studies have
found that suppressing emotions increase utilitarian preferences
(Lee and Gino, 2015) and that emotion reappraisal heightens
considerations and decreases the influence of moral intuitions
(Feinberg et al., 2012). These different studies evince the two
distinct pathways—cognitive and affective—by which the effect
of negative moral affect can be modulated, evidence that is
also in line with the differences between the variants of the
polymorphism in regard to the D score.

However, some limitations of this study should be mentioned.
First, several studies have observed a significant interaction
between the 5-HTT polymorphism and early-life environment on
the modulation of behavior and psychological factors (including
education) (Assary et al., 2018), which this study did not consider.
Nevertheless, this study makes use of a portion of the same
sample, and utilizing the same procedures, as other studies (Chen
et al., 2020). Second, the sample for those homozygous for the
L allele is quite small; thus, replication studies with a greater
sample size are warranted. It is noteworthy, however, that Asian
populations have been observed to have a greater proportion of
S-allele carriers and a lower frequency of L-carriers than other
populations (Goldman et al., 2010).

In conclusion, our research suggests that it is not about
vouching between a rationalist (Piaget, 1932; Kohlberg, 1984)
versus an intuitionist model (Haidt, 2001) of moral judgment,
but rather there is a dynamic interplay between cognition and
affect. Nevertheless, the outcome of this interplay is not the same
across all individuals, and it differs depending on the variants

of the 5-HTTLPR polymorphism each person possesses and its
interaction with environmental factors. Those with the S allele
depend more on moral intuitions by default, even when they later
can choose to change their attitudes depending on context and
expectation, whereas L-allele carriers exhibit decreased emotional
influence on their moral attitudes and judgments, as they recruit
more cognitive resources for this purpose. Thus, moral judgment
is an outcome that changes depending of the variants of the 5-
HTTLPR polymorphism, affecting the way in which individuals
engage contrastingly with moral issues.
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