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The serotonergic pathway has been implicated in the pathogenesis of impulsivity, and sensitivity to aversive outcomes may be linked to serotonin (5-HT) levels. Polymorphisms in the
gene that encodes the serotonin transporter (5-HTT), which have differential effects on the
level of serotonin transmission, display alternate responses to aversive stimuli. However,
recent studies have shown that 5-HT does not affect motor function, which suggests that
the functioning of the serotonin-transporter-linked polymorphic region (5-HTTLPR) does not
directly affect the behavioral regulatory process itself, but instead exerts an effect via the
evaluation of the potential risk associated with particular behavioral outputs. The aim of the
present study was to examine the effect of specific 5-HTTLPR genotypes on the motor
regulatory process, as observed during a Go/Nogo punishment feedback task. 5-HTT
gene-linked promoter polymorphisms were analyzed by polymerase chain reaction, using
lymphocytes from 61 healthy Japanese volunteers. Impulsivity was defined as the number
of commission errors (responding when one should not) made during a Go/Nogo task. We
found that the s/s genotype group made fewer impulsive responses, specifically under aversive conditions for committing such errors, compared to those in the s/l group, without affecting overall motor inhibition. These results suggest that 5-HTTLPRs do not directly affect
the behavioral regulatory process itself, but may instead exert an effect on the evaluation of
potential risk. The results also indicate that under such aversive conditions, decreased expression of 5-HTT may promote motor inhibitory control.
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Introduction
Impulsivity is characterized by actions based on sudden desires and whims rather than on careful thought. The concept of impulsivity covers a wide range of actions that are poorly conceived, prematurely expressed, unduly risky, inappropriate to the situation, and often result in
undesirable outcomes [1]. Impulsivity plays a role in normal behavior, but can also occur in a
pathological form; therefore, impulsivity has been viewed as a key feature that can aid in the
risk assessment of violent and aggressive behavior [2]. In addition, impulsivity acts as a key
trait of certain psychological disorders, including pathological gambling, eating disorders, and
many other uncontrollable behaviors [3,4]. Thus, it has been said that impulsivity incorporates
failure of response inhibition, novelty seeking, and an inability to delay gratification [5].
Amongst the different forms of impulsivity, motor impulsivity is the inability to inhibit
planned or ongoing actions, and is usually associated with quick, possibly aggressive, reactions
with little regard for consequences. Furthermore, such rash actions of emotion-based dispositions are characterized by two subtypes; positive urgency, which is the tendency to engage in
rash action in response to extreme positive affect, and negative urgency, which is the tendency
to engage in rash action in response to extreme negative affect [6,7].
Neurobiological findings suggest that certain brain regions are involved in impulsive behavior, with specific brain regions involved in specific behavioral manifestations; genetics are also
believed to act as an important inducing factor. A series of psychopharmacological studies implicated several neurochemical pathways in the pathogenesis underlying impulsivity, including
the serotonergic pathway. Indeed, it has been suggested that dysfunction in serotonin
(5-hydroxytryptamine, 5-HT) neurotransmission may contribute to behavioral disorders that
are characterized by motor impulsivity in humans, nonhuman primates, and rodents [8,9].
The relationship between sensitivity to aversive outcomes and 5-HT levels is a consistent biological finding [10]. Depletion of 5-HT reportedly enhances behavioral and brain responses to
punishment and other aversive stimuli, with findings suggesting that 5-HT can modulate the
impact of punishment-related signals on learning and emotion [11], and can lead to a selective
reduction in punishment-induced inhibition without affecting overall motor response
inhibition [12].
The serotonin transporter (5-HTT) is one of the major modulators of serotonergic neurotransmission because it is responsible for the reuptake of 5-HT at nerve terminals, and thus determines the magnitude and duration of 5-HT signaling. The 5-HTT gene-linked polymorphic
region, a portion of the SLC6A4, has been shown to differentially modulate the transcription of
SLC6A4. This polymorphic region is known as the serotonin-transporter-linked polymorphic
region (5-HTTLPR) [13]. Lesch et al. [13] reported that the short allele (S) polymorphic variant
of SLC6A4 decreases the reuptake of 5-HT in the lymphoblasts due to lower expression of
5-HTT mRNA in comparison to the long allele (L) variant. In comparison to L-allele carriers,
the biochemical outcome associated with the S allele variant is thought to result in enhanced
neural processing of aversive environmental cues, along with increased amygdala activation
during the presentation of fearful faces. This in turn could relate to the attentional bias for negative stimuli that is associated with S-allele carriers, along with the increased risk of neuroticism [14,15]. The S allele could also account for mothers’ levels of positive parenting, an effect
mediated by children’s self-control [16], and emotional regulation disorders in terms of early
and adult life adversities [17], suggesting that emotional events in gene-environment interactions with the 5-HTTLPR could affect impulsive behavior. Furthermore, a meta-analysis
showed that S-allele carriers have an increased susceptibility to emotional disorders and increased reactivity of the amygdala when exposed to negative environmental stimuli [18]. For
this reason, although the existing data are conflicting and have been met with mounting
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criticisms and challenges [19,20], most of the research has focused on the negative impact of
5-HTTLPR polymorphisms [see reviews by 21,22].
Interestingly, it appears that motor functioning is not influenced by 5-HTTLPR polymorphisms, as shown by several studies that used the continuous performance test (CPT) and
stop-signal task (SST), both of which involve withholding an ongoing or dominant motor response [23,24]. These observations suggest that 5-HTTLPR polymorphisms do not directly affect the behavioral regulatory process itself, but may instead exert an effect via the presence of
the potential risk associated with a particular behavioral output. Moreover, as effective motor
inhibition is associated with neuroticism, and cautious people become even more cautious
after an impulsive response is punished [25,26], it was predicted that s/s carriers might have an
increased ability to inhibit their motor responses appropriately in a risky context.
The effect of 5-HTTLPR polymorphisms on motor impulsivity remains poorly understood.
Thus, the aim of the present study was to examine the effect of specific 5-HTTLPR genotypes
on the motor regulatory process during a Go/Nogo punishment feedback task. Since S-allele
carriers are more sensitive to the negative affect elicited by punishment, this may cause them to
be less impulsive than L-allele carriers. Therefore, we hypothesized that the motor response to
negative stimuli would vary as a function of the 5-HTTLPR gene polymorphism such that
S-homozygous individuals would have an enhanced ability to inhibit their responses correctly
compared to L carriers.

Materials and Methods
Participants
Sixty-one Japanese participants with normal or corrected-to-normal vision were enrolled in
this study. Participants were recruited from among the laboratory, office, and hospital staff of
Hokkaido University School of Medicine and from the student body of the College of Medical
Technology, Hokkaido University. The experimental procedure was approved by an Internal
Review Board at Chiba Institute of Science (Human Research Ethics. Committee) and conducted in accordance with the Declaration of Helsinki. All participants underwent an interview
to exclude individuals with psychiatric disorders, as classified by the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV) [27]. Participants included 34 males
and 27 females, with a mean age of 29.0 ± 1.1 years (mean ± standard error). On average, participants had 6.0 ± 0.9 years of university education. All participants signed a statement declaring they were drug-free for at least 4 weeks prior to blood sampling and that they had no
history of physical or psychiatric illness. Each participant gave written informed consent to
participate after receiving a detailed description of the study.

Behavioral procedures: assessment of disinhibition
In order to evaluate motor impulsivity in an aversive context, we adopted the reinforcement
punishment-reward task, Go/Nogo [8,28]. This task uses punishments or rewards to promote
response activations or suppressions [29]. Participants were required to press the computer
key when a “Go” stimulus appeared on the screen (randomly assigned numbers) and to withhold this response when a “Nogo” stimulus appeared on the screen (other randomly assigned
numbers). Only one type of stimulus was presented at a time, and the participants learned the
process through trial and error.
The Go/Nogo task was assessed using four different conditions, and the order of conditions
differed across participants. All conditions contained four different sets of stimuli that were
grouped into four different blocks with one set for each condition. The frequency of the “Go”
and “Nogo” stimuli was set at a ratio of 1:1. Under the reward-reward (RR) condition,
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Fig 1. Response-outcome contingencies in the experimental conditions. In the “reward Nogo”
conditions, participants were rewarded when they withheld responses to the “Nogo” stimuli: (a) under the
reward-reward condition, participants were also rewarded for responding to the “Go” stimuli, while (b) under
the punishment-reward condition, participants were punished for withholding responses to the “Go” stimuli. In
the “punishment Nogo” conditions, participants were punished when they responded to the “Nogo” stimuli: (c)
under the punishment-punishment condition, participants were also punished for withholding responses to
the “Go” stimuli, while (d) under the reward-punishment condition, participants were rewarded for responding
to the “Go” stimuli.
doi:10.1371/journal.pone.0119743.g001

participants were rewarded for both responding to the “Go” stimuli and withholding responses
to the “Nogo” stimuli. Under the punishment-reward (PR) condition, participants were punished for withholding responses to the “Go” stimuli, while being rewarded for withholding responses to the “Nogo” stimuli. Both of these conditions were considered “reward Nogo”
conditions since participants were rewarded when they withhold responses to a “Nogo” stimulus. Under the punishment-punishment (PP) condition, participants were punished for both
withholding responses to the “Go” stimuli and responding to the “Nogo” stimuli. Under the
reward-punishment (RP) condition, participants were rewarded for responding to the “Go” stimuli, but punished for responding to the “Nogo” stimuli. Both of these conditions were considered “punishment Nogo” conditions since participants were punished when they pushed the
button in response to a “Nogo” stimulus (Fig. 1). In this study, we focused on these conditions,
as motor impulsivity is defined as responding to “Nogo stimuli” [30], otherwise looking at alternative classification of “Go” stimuli.
Practice trials were carried out in both the first session (12 trials) and second session (15 trials), with “Go” and “Nogo” stimuli provided in the ratio of 2:1, respectively. The trial task was
performed in the presence of the experimenter to establish the dominant response set for rewards [31]. After the practice trials, the experimenter left the room to allow the participant to
concentrate on the task. Participants were randomly assigned one of 24 possible presentation
orders of the four conditions. The conditions consisted of two sessions, in accordance with the
task procedure previously described [28]: in the first session, 12 numbers (6 “Go,” 6 “Nogo”)
were repeated five times in a randomized order for a total of 60 trials. In the second session, 14
different numbers (7 “Go,” 7 “Nogo”) were repeated six times in a randomized order for a total
of 84 trials. Each stimulus was presented on the screen for 800 ms, with a 1300-ms inter-trial
interval. Reward was classified as a correct response and denoted by the word “CORRECT” appearing on the computer screen for 1000 ms, as well as by participants receiving 10 yen as
monetary feedback. Punishment was classified as a wrong response and denoted by the word
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“WRONG” appearing on the computer screen for 1000 ms, as well as by subtracting 10 yen
from participants’ earnings. At the end of each condition, the experimenter reentered the room
to explain the next condition.
Dependent measures for this task included both omission errors (not responding to the
“Go” stimuli) and commission errors (not inhibiting responses to the “Nogo” stimuli); a larger
number of commission errors indicated greater difficulty in inhibiting impulsive behavior.
Commission and omission errors were calculated separately across the 144 trials under
each condition.

Genotyping
Genomic DNA was extracted from lymphocytes isolated from whole blood samples (20 ml) by
standard methods. Briefly, 3.8% Na-citrated whole blood samples were centrifuged at 1,000x g
for 20 min and the middle layer was separated for lymphocyte preparation by further centrifugation. For genotyping of 5-HTTLPR polymorphisms, polymerase chain reactions (PCRs)
were performed using the primers, 5'-GGCGTTGCCGCTCTGAATGC-3' and 5'-GAGGGACTGAGCTGGACAACCAC-3', in a solution containing 20 ng genomic DNA, 1 mM
MgSO4, 0.3 mM deoxynucleotide triphosphates, 0.3 M of each primer, Pfx Amplification Buffer, and 0.5 U of Platinum Pfx DNA Polymerase (Invitrogen Corp., Carlsbad, CA). The protocol
used was as follows: initial denaturation at 94°C for 2 min; 35 cycles of denaturation at 94°C
for 30 s, annealing at 61°C for 30 s, and extension at 68°C for 1 min; and final extension for
5 min at 68°C. The PCR products were then analyzed in a 2% agarose gel stained with ethidium
bromide. The amplification product was 528 bp for the L allele and 484 bp for the S allele [13].
Individuals carrying double copies of the S allele (s/s genotype), the S and L alleles (s/l genotype), and double copies of the L allele (l/l genotype) were identified; however, only responses
across the s/s (34) and s/l (26) genotypes were compared in order to match population prevalence, as the proportion of l/l carriers in the Asian population is small [32,33].

Statistical Analysis
For the Go/Nogo task, square root transformations were applied to the mean percentages of
commission and omission errors, and these were calculated for each stimulus condition to normalize the positively skewed distributions. Two-way repeated-measures analyses of variance
(ANOVAs) were then performed using the subject groups, s/s and s/l, and the task conditions,
RR, PP, RP, and PR. Furthermore, to test the hypothesis that response inhibition to negative
stimuli would vary as a function of the 5-HTTLPR gene polymorphism, two-way ANOVAs
were also performed using the subject groups, s/s and s/l, and the “Nogo” conditions, “punishment Nogo” and “reward Nogo.”
Potential confounding variables such as age, years of education, and gender were assessed
separately by two-way analyses of covariance (ANCOVAs) (SPSS 16.0). A statistical significance threshold of p < 0.05 was used; confounding variables exceeding this threshold were included as covariates in further statistical analyses.

Results
Demographic data and 5-HTT gene polymorphisms
Of the 61 participants, 26 (42.6%) had the s/l genotype and 34 (55.7%) had the s/s genotype,
while only 1 (1.6%) had the l/l genotype. The genotype frequencies were in Hardy-Weinberg
equilibrium (χ2 = 2.57, df = 1, p = 0.11). Table 1 presents the demographic data for the s/l
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Table 1. Characteristics of Male and Female subjects sorted by 5-HTTLPR genotypes.
Mean±S.D.
SL
26
0.50

SS
34
0.59

Age (years)

32.4±12.1

25.8± 9.3

Education (years)

19.3± 4.0

16.9± 3.8

RP

545.9±82.4

543.2±73.9

PP

535.1±77.8

542.6±72.3

RR

540.9±76.8

542.1±79.6

PR

548.3±70.1

549.9±73.3

RP

569.7±77.8

546.6±67.4

PP

545.2±90.7

543.4±76.9

RR

550.2±92.4

560.7±72.7

PR

564.2±81.3

551.9±78.2

RP

24.7±13.9

15.9±12.6

PP

26.4±14.5

18.0±12.6

RR

26.7±18.1

27.1±13.1

PR

30.5±14.6

34.9±13.8

RP

30.8±10.8

30.9±11.4

PP

26.8±12.2

24.8± 7.7

RR

21.0±11.4

24.0±11.7

PR

23.0±13.8

18.7±10.7

n
Men

Reaction time (ms)
CER

HIT

Error rate (%)
CER

OER

HIT, responding to Go stimuli. CER: Commission error rate, responding to NoGo stimuli. OER: Omission
error rate, not responding to Go stimuli
doi:10.1371/journal.pone.0119743.t001

and s/s participants. Because there was only 1 participant with the l/l genotype, data from this
participant was excluded from further analyses.

Impulsivity
Go/Nogo commission errors. The two-way ANOVA of the commission errors between
groups revealed a main effect of condition (F3,56 = 13.56, p < 0.001, ηp2 = 0.19) and a
genotype × condition interaction (F3,56 = 4.75, p < 0.005, ηp2 = 0.08). As reflected by these interactions, the effect of genotype varied according to condition. Post hoc tests revealed that the
s/s group made significantly fewer commission errors compared to the s/l group for both the
RP and PP conditions, but not for the RR and PR conditions (Tukey HSD post hoc test,
p < 0.05) (see Fig. 2). These results suggest that the 5-HTT genotype is associated with a measurement of motor impulsivity in “punishment-Nogo” conditions irrespective of
“Go” responses.
To test the hypothesis that the motor impulsivity to negative stimuli would vary as a function of the 5-HTTLPR gene polymorphism, a two-way ANOVA of the commission errors was
performed using the subject groups and the “Nogo” conditions (“punishment Nogo” vs. “reward Nogo”), which revealed a main effect of genotype (F1,58 = 26.53, p < 0.001, ηp2 = 0.31)
and a group × condition interaction (F1,58 = 11.15, p < 0.005, ηp2 = 0.16) (see Fig. 3). This indicates that the s/s group made significantly fewer commission errors compared to the s/l group
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Fig 2. Commission and omission error rates in all conditions. Mean (± standard error) commission error
rates (%) (top) and omission error rates (bottom) under four conditions for each of the two allele groups (s/s
and s/l). RR: reward-reward condition; PP: punishment-punishment condition; RP: reward-punishment
condition; PR: punishment-reward condition. *p < 0.05
doi:10.1371/journal.pone.0119743.g002

and suggests that the s/s group had an increased ability to inhibit their responses correctly during the aversive conditions compared to the reward conditions.
Go/Nogo omission errors. As shown in Fig. 2, the two-way ANOVA of the omission errors
between groups revealed a main effect of condition (F3,56 = 11.80, p < 0.001, ηp2 = 0.17), but did
not show a main effect of genotype (F3,56 = 0.18, p > 0.1, ηp2 = 0.03) or a genotype × condition
interaction (F3,56 = 1.50, p > 0.1, ηp2 = 0.25), indicating that the 5-HTTLPR had no effect on
omission errors. Post hoc tests revealed that the omission errors were higher in the RP condition
compared to the PP, RR, and PR conditions for each genotype (Tukey HSD post hoc test,
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Fig 3. Commission error rates in the “Nogo” conditions. Mean (± standard error) commission error rates
(%) under two “Nogo” conditions for each of the two allele groups (s/s and s/l). P-Nogo: “punishment Nogo”
conditions, where participants were punished for pushing the button in response to a “Nogo” stimulus;
R-Nogo: “reward Nogo” conditions, where participants were rewarded for withholding responses to a “Nogo”
stimulus. *p < 0.05.
doi:10.1371/journal.pone.0119743.g003

p < 0.05). Analysis of the omission errors using the subject groups and the “Nogo” conditions
(“punishment Nogo” vs. “reward Nogo”) did not reveal a main effect of genotype (F1,58 = 0.20,
p > 1.0, ηp2 = 0.00) or a genotype × condition interaction (F1,58 = 1.50, p > 1.0, ηp2 = 0.25), but
did show a main effect of condition (F1,58 = 22.35, p < 0.001, ηp2 = 0.28). Omission errors were
higher in the “punishment Nogo” condition compared to in the “reward Nogo” condition
(Tukey HSD post hoc test, p < 0.05).
Thus, 5-HTTLPR only influenced impulsive responses (commission errors, as described
above). These findings were robust after controlling for group differences in age, years of education, and gender.
Go/Nogo reaction times (commission errors and hits). The two-way ANOVA of the reaction time for commission errors between groups did not reveal a main effect of genotype
(F3,58 = 0.11, p > 1.0, ηp2 = 0.00), condition (F3,58 = 1.16, p > 1.0, ηp2 = 0.20), or a
genotype × condition interaction (F3,58 = = 0.11, p > 1.0, ηp2 = 0.00). Next, we conducted a
two-way ANOVA of the reaction time for commission errors using the subject groups and
“Nogo” conditions (“punishment Nogo” vs. “reward Nogo”). This analysis did not reveal a
main effect of genotype (F1,58 = 0.1, p > 1.0, ηp2 = 0.00), condition (F1,58 = 1.16, p < 0.001,
ηp2 = 0.20), or a genotype × condition interaction (F1,58 = 0.27, p > 1.0, ηp2 = 0.005).
The two-way ANOVA of the reaction time for hits between groups did not reveal a main effect of genotype (F3,58 = 0.13, p > 1.0, ηp2 = 0.002), condition (F3,58 = 1.71, p > 1.0, ηp2 = 0.03),
or a genotype× condition interaction (F3,58 = 2.01, p > 1.0, ηp2 = 0.03). Then, we conducted a
two-way ANOVA of the reaction time for commission errors using the subject groups and the
“Nogo” conditions (“punishment Nogo” vs. “reward Nogo”), which did not reveal a main effect
of genotype (F1,58 = 0.13, p > 1.0, ηp2 = 0.002), condition (F1,58 = 1.06, p > 1.0, ηp2 = 0.020), or
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a genotype × condition interaction (F1,58 = 1.17, p > 1.0, ηp2 = 0.02). Overall, reaction times for
hits and commission errors showed no statistical differences (Table 1). These findings were robust after controlling for group differences in age, years of education, and gender.

Discussion
The aim of the present study was to examine the effect of specific 5-HTTLPR genotypes on the
motor regulatory process, as observed during the Go/Nogo punishment feedback task. We
found that different 5-HTTLPR genotypes have a specific influence on motor impulsivity,
whereby s/s carriers made fewer commission errors than s/l carriers did, specifically during the
aversive conditions. Our findings correspond to findings from previous studies on motor impulsivity, which have reported that cautious people become even more cautious in terms of
motor inhibition during a stop-signal task after an impulsive response is punished [25]. Our results also correspond with the reported association between neuroticism and effective motor
inhibition in Go/Nogo tasks involving the probability of receiving punishment [26]. Importantly, the effect of genotype was seen in commission errors, but not in omission errors, suggesting that the effect did not only rely on working memory (WM) load. If WM function
differed between the genotypes, the genotype effect should also be seen in omission errors, as
they also depend on WM similar to commission errors.
None of these studies addressed the mechanism by which this motor impulsivity occurred.
Recently, a series of psychopharmacological studies on impulsivity implicated several neurochemical pathways in the underlying pathogenesis, including the serotonergic pathway. 5-HTT
is one of the major modulators of serotonergic neurotransmission, in that it determines the
magnitude and duration of 5-HT signaling. We know from previous findings that polymorphisms in the 5-HTT gene-linked region lead to differential 5-HT levels and behavioral effects
[13]. In comparison to the L allele, the S allele reportedly decreases clomipramine (nonselective serotonin reuptake inhibitor)-induced prolactin release in healthy humans [34], since
prolactin secretion may be stimulated by serotonin, suggesting that acute 5-HT reuptake blockades produce a weaker increase in 5-HT neurotransmission in individuals with the S allele.
These and other previous studies have generally grouped S carriers together compared to l/l
carriers; however, a few studies, including the present study, have investigated the effects of the
s/s and s/l genotypes on serotonergic function.
For instance, antidepressant effect of selective serotonin reuptake inhibitors (SSRIs) such as
fluvoxamine [35] and paroxetine [36] were reportedly more effective in depressive patients carrying the s/l allele than in patients carrying the s/s allele. Since SSRIs are thought to exert their
effects through the binding of 5-HTT and the inhibition of 5-HT reuptake, and given that the
antidepressant effect of SSRIs seems to vary according to the 5-HTTLPR genotype, it was proposed that a different level of expression of 5-HTT might exist between s/s carriers and s/l carriers. l allele is lower in Japanese than in Caucasians; therefore, the antidepressant effect of
fluvoxamine can be not as good in Japanese as in Caucasians. The authors investigated whether
5-HTTLPR was associated with the. The present study suggests that fluvoxamine is not less effective in depressive patients carrying the s all
Instead, even in healthy controls, it has been demonstrated that the prolactin response to
fenfluramine is significant in s/l carriers, but not in s/s carriers, a response that is dependent
upon the density of presynaptic 5-HTTs [37]. Although, as in the S allele frequency was significantly higher in the antidepressant response to fluvoxamine than in the nonresponsive ones in
Japanese with major depressive disorder [38], it should be noted that whether pharmacological
effects of 5-HT reuptake inhibitors are quantitatively different between s/s and s/l are still controversial and the issue which should be clarified by systematically considering the certain
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factors: drugs utilized, administration (dose and period of treatment), subjects (age, sex, ethnics
etc.) and kind of effect analyzed. In any case, as differential effects of the s/s and s/l genotypes
have also been implicated in serotonin-related behavioral phenotypes such as parenting [39],
the s/s and s/l genotypes might differentially affect behaviors as well as serotonergic function,
and the present data lead to the idea that reduced expression of 5-HTT could facilitate the ability to inhibit motor impulsivity in an aversive context.
Since increased 5-HTT expression in mice is associated with decreased 5-HT transmission
[40], the functional consequences of the s/l genotype may disrupt the effective regulation of
motor impulsivity in an aversive context due to these individuals having lower 5-HT concentrations in the extracellular space compared to s/s carriers. In line with this observation, Crockett et al. [12] clearly demonstrated that decreased levels of 5-HT through acute tryptophan
depletion in humans leads to a selective reduction in punishment-induced inhibition without
affecting overall motor response inhibition. Together with the findings of Crockett et al. [12],
the present findings show that the punishment-induced conditions for “Nogo” responses, couple with irrespective of the conditions for “Go” responses,, s/s genotype group made fewer impulsive responses, but this effect is not seen in the punishment-induced conditions for “Go”
responses (i.e., PR condition), suggesting that serotonin may not affect sensitivity to punishment in general. Overall, the present observations suggest that weaker responses to 5-HT may
specifically impair behavioral inhibition in an aversive context.
Interestingly, S-allele carriers demonstrate a greater amygdala response than l/l carriers to
fearful faces [19,41], and exhibit elevated levels of amygdala blood flow at rest [42,43], which
may promote vigilance to threat. As a key neural structure involved in the rapid integration of
aversive inputs and in the regulation of motor output processes [44,45], the amygdala serves as
a warning sign for potential social threats [21,46,47], and then facilitates the perceiver’s inhibitory behavior in response to threatening facial emotions [48]. Taking these observation into account, the present data may suggest that the potential role of the s/s allele is to effectively
inhibit motor responses, not only under the threat of monetary punishment, but also under
conditions that involve more general social threats, e.g., fearful, angry faces and the loss
of reputation.
Several recent studies have demonstrated that the S-allele genotype in rhesus macaques is
associated with improved cognitive functioning in the delayed phase of the pattern recognition
memory task, the delayed match-to-sample task, and the Wisconsin Card Sorting Test [for a
review see 49]. Homberg and Lesch [49] focused on the “bright side” of the 5-HTTLPR S allele
by explaining that the environment shapes the phenotypic outcome of these fundamentally
neutral common genetic factors, possibly leading to negative outcomes, but also having the potential to result in positive behavioral manifestations. Critically, the results of the present study
suggest that improved cognitive functioning could interact with certain vulnerabilities, such as
oversensitivity to punishment, to contribute to the effective behavioral regulation under certain
conditions. As such, these factors may counteract or completely offset the negative consequences of anxiety-related traits. In short, risk alleles of gene polymorphisms (such as the
5-HTTLPR S allele) may exert beneficial, as well as maladaptive effects.
It should be noted that our findings pertain to the Japanese population. Analysis of the population genetics has revealed that approximately 80% of the Japanese population carries the S
allele polymorphism [32], while only approximately 40% of Europeans carry this allele [50]. Interestingly, studies on population genetics imply that the population frequency of S allele carriers and the population frequency distribution of cultural collectivism are matched: higher
population frequencies of S allele carriers are associated with increases in cultural collectivism
[51]. This seems to be consistent with our biological data, in that the relatively effective regulation of behavior in response to punishment that was associated with the S allele may play a
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major role in the maintenance of social order in Japanese society, which is an example of a collectivistic and “tight” society [52,53] where severe sanctions are imposed on those who deviate
from social norms. In turn, this might promote collectivistic cultural norms [54–56]. Needless
to say, 5-HTTLPR is one of many genes that may affect our relationship with society/culture;
thus, it is worth considering the cultural implications of the relationship between the prevalence of the 5-HTTLPR gene and environmental factors.
Interestingly, although there was no main effect of genotype on this error, the omission
error rates were higher in reward-punishment condition compared to other conditions for
both genotypes. Under the reward-punishment condition, participants receive a reward if they
execute the response, that is, they do not lose any money at Go trial whether they respond or
not. On the other hand, during Nogo trial, if they make an error in withholding the response,
they lose money. Thus it would be better withholding responses irrespective of trials to avoid
punishment, which may lead to increasing tendency to make an omission error during Go
trial. In contrast, during PR condition, it would be better execute motor responses in each trial
to avoid punishment, which manifested as increasing commission errors. In addition, the present results seems to be consistent with the previous study who showing that the mean of omission error in PR condition of the Go/No-go task were the highest, although it was not
statistically significant, with healthy controls [28]. The present study focused on impulsivity,
however, it is also important to clarify the inability to execute responses in the Japanese participants have a particular difficulty with [57].
This study has a few limitations. First, our findings need to be replicated in other populations using the same variants. Furthermore, an A/G nucleotide substitution in the L allele,
known as the tri-allelic effect, LG, which is functionally equivalent to the S allele compared to
the LA allele [58,59], should be considered in future studies. Second, the present results are consistent with neuroimaging studies performed in Caucasian populations [41], but not in other
Asian populations; Lee and Ham [60] showed that s/l carriers demonstrate a greater amygdala
response than s/s carriers to angry faces in Koreans. Since over 80% of Koreans are collectivistic, while only around 50% of Japanese are collectivistic, which is much closer to the prevalence
of Western societies [51], these cultural differences might account for the differences. In addition to amygdala, there are motor inhibitory related area such as pre-SMA, parietal regions,
and prefrontal cortex [61, 62], which might be involved in serotonergic levels and/or signalling
the underlying mechanisms of 5-HTTLPR should be also clarified. Lastly, because we focused
on this candidate gene, our sample size was not as large as the sample sizes in subjective
questionnaire-based studies or genome-wide association studies; however, our sample size was
similar to other studies using behavioral measures.
In conclusion, to our knowledge, the present study is the first human genetics study to show
that 5-HTTLPR affects motor impulsivity in response to aversive outcomes, thus suggesting
that motor inhibitory control is promoted by 5-HT. Considering the present findings were observed in a Japanese population, one important agenda for future work is to test if 5-HTTLPR
variability across regions and ethnic groups has a similar effect. Further, it will be important to
test the potential effects of both individual and a wider range of genes that pertain not only
to the serotonergic system, but also to the other candidate genes, in a large longitudinal study
to clarify the complex and bidirectional genetic and environmental influences on impulsivity.

Author Contributions
Conceived and designed the experiments: MN JN IK YN. Performed the experiments: MN.
Analyzed the data: MN MK YO TK. Wrote the paper: MN.

PLOS ONE | DOI:10.1371/journal.pone.0119743 March 16, 2015

11 / 14

A Self-archived copy in
Kyoto University Research Information Repository
https://repository.kulib.kyoto-u.ac.jp

5-HTT Gene and Impulsive Behavior

References
1.

Daruna JH, Barnes PA (1993) A neurodevelopmental view of impulsivity. In: McCown WG, Johnson JL,
Shure MB, editors. The impulsive client: theory, research, and treatment. Washington, DC: American
Psychological Association.

2.

Plutchik R, Van Praag HM (1995) The nature of impulsivity: definitions, ontology, genetics, and relations to aggression. In: Hollander E, Stein D, editors. Impulsivity and aggression. New York:
Wiley. pp 7–24.

3.

Hart SD, Dempster RJ (1997) Impulsivity and psychopathy. In: Webster CD, Jackson MA, editors. Impulsivity; theory, assessment, and treatment. New York: Guilford Press. pp 212–232.

4.

McMurran M, Blair M, Egan V (2002) An investigation of the correlations between aggression, impulsiveness, social problem—solving, and alcohol use. Aggress Behav 28: 439–445.

5.

Barratt ES (1994) Impulsiveness and aggression. In: Monahan Steadman HJ, editors. Violence and
mental disorders: developments in risk assessment. Chicago: The University of Chicago Press.

6.

Whiteside SP, Lynam DR (2001) The five factor model and impulsivity: using a structural model of personality to understand impulsivity. Pers Individ Dif 30: 669–689.

7.

Cyders MA, Smith GT, Spillane NS, Fischer S, Annus AM, Peterson C. (2007) Integration of impulsivity
and positive mood to predict risky behavior: development and validation of a measure of positive urgency. Psychol Assess 19: 107–118. PMID: 17371126

8.

LeMarquand DG, Benkelfat C, Pihl RO, Palmour RM, Young SN (1999) Behavioral disinhibition induced by tryptophan depletion in nonalcoholic young men with multigenerational family histories of paternal alcoholism. Am J Psychiatry 156: 1771–1779. PMID: 10553742

9.

Walderhaug E, Lunde H, Nordvik JE, Landro NI, Refsum H, Magnusson A. (2002) Lowering of serotonin by rapid tryptophan depletion increases impulsiveness in normal individuals. Psychopharmacology
164: 385–391. PMID: 12457268

10.

Soubrie P (1986) Reconciling the role of central serotonin neurons in human and animal behavior.
Behav Brain Sci 9: 319–364.

11.

Cools R, Roberts AC, Robbins TW (2008) Serotoninergic regulation of emotional and behavioural control processes. Trends Cogn Sci 12: 31–40. PMID: 18069045

12.

Crockett MJ, Clark L, Robbins TW (2009) Reconciling the role of serotonin in behavioral inhibition and
aversion: acute tryptophan depletion abolishes punishment-induced inhibition in humans. J Neurosci
29: 11993–11999. doi: 10.1523/JNEUROSCI.2513-09.2009 PMID: 19776285

13.

Lesch KP, Bengel D, Heils A, Sabol SZ, Greenberg BD, Petri S, et al. (1996) Association of anxietyrelated traits with a polymorphism in the serotonin transporter gene regulatory region. Science 274:
1527–1531. PMID: 8929413

14.

Kaufman J, Yang BZ, Douglas-Palumberi H, Houshyar S, Lipschitz D, Krystal JH, et al. (2004) Social
supports and serotonin transporter gene moderate depression in maltreated children. Proc Natl Acad
Sci U S A 101: 17316–17321. PMID: 15563601

15.

Osinsky R, Reuter M, Kupper Y, Schmitz A, Kozyra E, Alexander N, et al. (2008) Variation in the serotonin transporter gene modulates selective attention to threat. Emotion 8: 584–588. doi: 10.1037/
a0012826 PMID: 18729589

16.

Pener-Tessler R, Avinun R, Uzefovsky F, Edelman S, Ebstein RP, Knafo A. (2013) Boys' serotonin
transporter genotype affects maternal behavior through boys' self-control: a case of evocative geneenvironment correlation. Dev Psychopathol 25: 151–162. doi: 10.1017/S095457941200096X PMID:
23398759

17.

Caspi A, Sugden K, Moffitt TE, Taylor A, Craig IW, Harrington H, et al. (2003) Influence of life stress on
depression: moderation by a polymorphism in the 5-HTT gene. Science 301: 386–389. PMID: 12869766

18.

Murphy SE, Norbury R, Godlewska BR, Cowen PJ, Mannie ZM, Harmer CJ, et al. (2013) The effect of
the serotonin transporter polymorphism (5-HTTLPR) on amygdala function: a meta-analysis. Mol Psychiatry 18: 512–520. doi: 10.1038/mp.2012.19 PMID: 22488255

19.

Munafò MR, Brown SM, Hariri AR (2008) Serotonin transporter (5-HTTLPR) genotype and amygdala
activation: a meta-analysis. Biol Psychiatry 63: 852–857. PMID: 17949693

20.

Flint J, Munafò MR (2013) Candidate and non-candidate genes in behavior genetics. Curr Opin Neurobiol 23: 57–61. doi: 10.1016/j.conb.2012.07.005 PMID: 22878161

21.

Canli T, Lesch KP (2007) Long story short: the serotonin transporter in emotion regulation and social
cognition. Nat Neurosci 10: 1103–1109. PMID: 17726476

22.

Caspi A, Hariri AR, Holmes A, Uher R, Moffitt TE (2010) Genetic sensitivity to the environment: the
case of the serotonin transporter gene and its implications for studying complex diseases and traits. Am
J Psychiatry 167: 509–527. doi: 10.1176/appi.ajp.2010.09101452 PMID: 20231323

PLOS ONE | DOI:10.1371/journal.pone.0119743 March 16, 2015

12 / 14

A Self-archived copy in
Kyoto University Research Information Repository
https://repository.kulib.kyoto-u.ac.jp

5-HTT Gene and Impulsive Behavior

23.

Fallgatter AJ, Jatzke S, Bartsch AJ, Hamelbeck B, Lesch KP (1999) Serotonin transporter promoter
polymorphism influences topography of inhibitory motor control. Int J Neuropsychopharmacol 2:
115–120. PMID: 11281979

24.

Clark L, Roiser JP, Cools R, Rubinsztein DC, Sahakian BJ, Robbins TW. (2005) Stop signal response
inhibition is not modulated by tryptophan depletion or the serotonin transporter polymorphism in healthy
volunteers: implications for the 5-HT theory of impulsivity. Psychopharmacology 182: 570–578. PMID:
16163530

25.

Rodrígues-Fornells A, Lorenzo-Seva U, Andrés-Pueyo A (2002) Are high-impulsivity and high- risktaking people more motor disinherited in the presence of incentive? Pers Individ Dif 32: 661–683.

26.

Masui K, Kashino M, Nomura M (2009) Ventrolateral prefrontal cortex activity during rewardpunishment Go/Nogo task: a near-infrared spectroscopy study. Psychologia 52: 137–146.

27.

American Psychiatric Association (1994) Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition. Washington, DC: American Psychiatric Association.

28.

LeMarquand DG, Pihl RO, Palmour RM, Young SN, Tremblay RE, Séguin JR, et al. (1998) Tryptophan
depletion, executive functions disinhibition in aggressive, adolescent males. Neuropsychopharmacology 19: 333–341. PMID: 9718596

29.

Newman JP, Wallace JF, Schmitt WA, Arnett PA (1997) Behavioral inhibition system functioning in anxious, impulsive and psychopathic individuals. Pers Individ Dif 23: 583–592.

30.

Kindlon D, Mezzacappa E, Earls F (1995) Psychometric properties of impulsivity measures: temporal
stability, validity and factor structure. J Child Psychol Psychiatry 36: 645–661. PMID: 7650088

31.

Newman JP, Patterson CM, Howland EW, Nichols SL (1990) Passive avoidance in psychopaths: the
effects of reward. Pers Individ Dif 11: 1101–1114.

32.

Kumakiri C, Kodama K, Shimizu E, Yamanouchi N, Okada S, Noda S, et al. (1999) Study of the association between the serotonin transporter gene regulatory region polymorphism and personality traits in a
Japanese population. Neurosci Lett 263: 205–207. PMID: 10213171

33.

Mizuno T, Aoki M, Shimada Y, Inoue M, Nakaya K, Takahashi T, et al. (2006) Gender difference in association between polymorphism of serotonin transporter gene regulatory region and anxiety. J Psychosom Res 60: 91–97. PMID: 16380315

34.

Whale R, Quested DJ, Laver D, Harrison PJ, Cowen PJ (2000) Serotonin transporter (5-HTT) promoter
genotype may influence the prolactin response to clomipramine. Psychopharmacology 150: 120–122.
PMID: 10867985

35.

Smeraldi E, Zanardi R, Benedetti F, Di Bella D, Perez J, Catalano M. (1998) Polymorphism within the
promoter of the serotonin transporter gene and antidepressant efficacy of fluvoxamine. Mol Psychiatry
3: 508–511 PMID: 9857976

36.

Zanardi R, Benedetti F, DiBella D, Catalano M, Smeraldi E (2000) Efficacy of paroxetine in depression
is influenced by a functional polymorphism within the promoter of serotonin transporter gene. J Clin
Psychopharmacol 20: 105–107. PMID: 10653220

37.

Reist C, Mazzanti C, Vu R, Tran D, Goldman D (2001) Serotonin transporter promoter polymorphism is
associated with attenuated prolactin response to fenfluramine. Am J Med Genet 105: 363–368. PMID:
11378851

38.

Yoshida K, Ito K, Sato K, Takahashi H, Kamata M, Higuchi H, et al. (2002) Influence of the serotonin
transporter gene-linked polymorphic region on the antidepressant response to fluvoxamine in Japanese depressed patients. Prog Neuropsychopharmacol Biol Psychiatry 26: 383–386. PMID: 11817517

39.

Bakermans-Kranenburg MJ, van Iizendoorn MH (2008) Oxytocin receptor (OXTR) and serotonin transporter (5-HTT) genes associated with observed parenting. Soc Cogn Affect Neurosci 3: 128–134. doi:
10.1093/scan/nsn004 PMID: 19015103

40.

Jennings KA, Loder MK, Sheward WJ, Pei Q, Deacon RM, Benson MA, et al. (2006) Increased expression of the 5-HT transporter confers a low-anxiety phenotype linked to decreased 5-HT transmission.
J Neurosci 26: 8955–8964. PMID: 16943551

41.

Hariri AR, Mattay VS, Tessitore A, Kolachana B, Fera F, Goldman D, et al. (2002) Serotonin transporter
genetic variation and the response of the human amygdala. Science 297: 400–403. PMID: 12130784

42.

Canli T, Qiu M, Omura K, Congdon E, Haas BW, Amin Z, et al. (2006) Neural correlates of epigenesis.
Proc Natl Acad Sci U S A 103: 16033–16038. PMID: 17032778

43.

Rao H, Gillihan SJ, Wang J, Korczykowski M, Sankoorikal GM, Kaercher KA, et al. (2007) Genetic variation in serotonin transporter impacts default amygdala function in healthy brain. Biol Psychiatry 62:
600–606. PMID: 17481593

44.

Armony JL, Servan-Schreiber D, Cohen JD, LeDoux JE (1997) Computational modeling of emotion: explorations through the anatomy and physiology of fear conditioning. Trends Cog Sci 1: 28–34.

PLOS ONE | DOI:10.1371/journal.pone.0119743 March 16, 2015

13 / 14

A Self-archived copy in
Kyoto University Research Information Repository
https://repository.kulib.kyoto-u.ac.jp

5-HTT Gene and Impulsive Behavior

45.

Sagaspe P, Schwartz S, Vuilleumier P (2011) Fear and stop: a role for the amygdala in motor inhibition
by emotional signals. Neuroimage 15: 1825–1835.

46.

Morris JS, Öhman A, Dolan RJ (1998) Conscious and unconscious emotion learning in the human
amygdala. Nature 393: 467–470. PMID: 9624001

47.

Nomura M, Ohira H, Haneda K, Iidaka T, Sadato N, Okada T, et al. (2004) Functional association of the
amygdala and ventral prefrontal cortex during cognitive evaluation of facial expressions primed by
masked angry faces: an event-related fMRI study. Neuroimage 21: 352–363. PMID: 14741673

48.

Hare TA, Tottenham N, Davidson MC, Glover GH, Casey BJ (2005) Contributions of amygdala and
striatal activity in emotion regulation. Biol Psychiatry 57: 624–632. PMID: 15780849

49.

Homberg JR, Lesch K-P (2010) Looking on the bright side of serotonin transporter gene variation. Biol
Psychiatry 15: 513–519.

50.

Gelernter J, Kranzler H, Cubells JF (1997) Serotonin transporter protein (SLC6A4) allele and haplotype
frequencies and linkage disequilibria in African- and European-American and Japanese populations
and in alcohol-dependent subjects. Hum Genet 101: 243–246. PMID: 9402979

51.

Chiao J, Blizinsky KD (2010) Culture-gene coevolution of individualism-collectivism and the serotonin
transporter gene. Proc Biol Sci 277: 529–537. doi: 10.1098/rspb.2009.1650 PMID: 19864286

52.

Gelfand MJ, Nishii LH, Chan DK-S, Yamaguchi S, Triandis HC (1998) Toward a theory of tightness/
looseness: further empirical evidence from the U.S. and Japan. Paper Presented at the 25th Annual
Conference of the International Association of Cross-Cultural Psychology.

53.

Triandis HC (2004) The many dimensions of culture. Acad Manage Perspect 18: 88–93.

54.

Isen AM, Daubman KA, Nowicki GP (1987) Positive affect facilitates creative problem solving. J Pers
Soc Psychol 52: 1122–1131. PMID: 3598858

55.

Markus HR, Kitayama S (1991) Culture and the self: implications for cognition, emotion, and motivation.
Psychol Rev 98: 224–253.

56.

Fredrickson BL (2001) The role of positive emotions in positive psychology: the broaden-and-build theory of positive emotions. Am J Psychol 56: 218–226.

57.

Nomura M, Kusumi I, Kaneko M, Masui T, Daiguji M, Ueno T, et al. (2006) Involvement of a polymorphism in the 5-HT2A receptor gene in impulsive behavior. Psychopharm, 187: 30–35.

58.

Hu XZ, Lipsky RH, Zhu G, Akhtar LA, Taubman J, Greenberg BD, et al. (2006) Serotonin transporter
promoter gain-of-function genotypes are linked to obsessive-compulsive disorder. Am J Hum Genet
78: 815–826. PMID: 16642437

59.

Jasinska AJ, Perkins SC (2009) Impact of the tri-allelic serotonin transporter polymorphism on the
white-matter tract connecting the amygdala and the prefrontal cortex. J Neurosci 26: 10461–10462.

60.

Lee BT, Ham BJ (2008) Serotonergic genes and amygdala activity in response to negative affective facial stimuli in Korean women. Genes Brain Behav 7: 899–905. doi: 10.1111/j.1601-183X.2008.00429.x
PMID: 18826444

61.

Wager TD, Sylvester C-YC, Lacey S.C., Nee D.E., Franklin M, Jonides J. (2005) Common and unique
components in resolving response inhibition revealed by fMRI. NeuroImage, 27, 323–340. PMID:
16019232

62.

Sebastian A, Pohl MF, Kloumlppel S, Feige B, Lange T, Stahl C, et al. (2013) Disentangling common
and specific neural subprocesses of response inhibition. NeuroImage, 64. 601–615. doi: 10.1016/j.
neuroimage.2012.09.020 PMID: 22986077

PLOS ONE | DOI:10.1371/journal.pone.0119743 March 16, 2015

14 / 14

