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Abstract
Both attention biases to threat and a serotonin-transporter gene polymorphism (5-HTTLPR) have
been linked to heightened neural activation to threat and the emergence of anxiety. The short allele
of 5-HTTLPR may act via its effect on neurotransmitter availability, while attention biases shape
broad patterns of cognitive processing. We examined individual differences in attention bias to
emotion faces as a function of 5-HTTLPR genotype. Adolescents (N=117) were classified for
presumed SLC6A4 expression based on 5-HTTLPR--low (SS, SLG, or LGLG), intermediate (SLA
or LALG), or high (LALA). Participants completed the dot-probe task, measuring attention biases
toward or away from angry and happy faces. Biases for angry faces increased with the genotype-
predicted neurotransmission (low>intermediate>high). The reverse pattern was evident for happy
faces. The data indicate a linear relation between 5-HTTLPR allelic status and attention biases to
emotion, demonstrating a genetic mechanism for biased attention using ecologically valid stimuli
that target socioemotional adaptation.
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Introduction
Anxiety is one of the most common and debilitating psychiatric disorders in adulthood. The
large personal and societal costs have motivated researchers to find precursors of the disorder
that could aid in early identification and intervention. The vast majority of adult cases of anxiety
are first evident in childhood (Pine, Cohen, Gurley, Brook, & Ma, 1998), with a peak incidence
in middle to late adolescence (Beesdo et al., 2007). As such, potential risk markers should be
detectable early in life. The current paper examined the interrelation between two risk markers,
namely attention bias to threat and the serotonin polymorphism (5-HTTLPR), in adolescence.
These data may aid researchers in better understanding risk markers that may be at play in the
emergence of anxiety.

There is extensive and consistent evidence linking anxiety to persistent biases to threat (Bar-
Haim, Lamy, Pergamin, Bakermans-Kranenburg, & van IJzendoorn, 2007), which may play
a causal role in the disorder (Eldar, Ricon, & Bar-Haim, 2008; MacLeod, Campbell,
Rutherford, & Wilson, 2004). A parallel literature has demonstrated that allelic variations in
5-HTTLPR also place individuals at increased risk (Lesch et al., 1996). The short allele (S) at
5-HTTLPR for the serotonin-reuptake transporter (SLC6A4) is associated with lower
transcriptional efficiency compared to the long allele (L), reducing neurotransmitter
availability by approximately 50%.

The data suggest that this reduction amplifies the individual’s response to threat, evident in
hyper-reactive neuroendocrine (Jabbi et al., 2007; McCormack, Newman, Higley,
Maestripieri, & Sanchez, 2009) and amygdala (Hariri et al., 2002; Kalin et al., 2008) responses
in human and animal models (Munafo, Brown, & Hariri, 2008; Suomi, 2006). Attention biases
to threat, when coupled with the S-allele, may act as a parallel cognitive conduit to increased
stress reactivity.

Three adult studies have assessed the relations between attention biases and 5-HTT genotype
employing threat words (Beevers, Gibb, McGeary, & Miller, 2007), threatening animals
(Osinsky et al., 2008), and emotionally salient pictures (E. Fox, Ridgewell, & Ashwin, 2009)
in psychiatric and healthy samples. Two (Beevers et al., 2007; Osinsky et al., 2008) found
increased bias toward threat in individuals with at least one S-allele. The third (E. Fox et al.,
2009) linked the L-allele to avoidance of threat and bias towards pictures of happy faces.

To date, one study has examined this potential relation in children (Gibb, Benas, Grassia, &
McGeary, 2009). Children at high risk due to both maternal depression and the S-allele
displayed a non-significant trend of attentional avoidance to sad, but not happy or angry, faces
compared to children at low risk.

Clearly, many questions remain concerning the relation between 5-HTTLPR and attention bias
toward threatening and appetitive stimuli. This study expands on this research in three ways.
First, we focused on adolescents in light of evidence that attention biases may emerge early,
before the gradual emergence of anxiety (Pine, Helfinstein, Bar-Haim, Nelson, & Fox, 2009).
Second, our sample size allowed us to examine potential linear trends across three genotype
groups (SS/SL/LL). Third, we used ecologically valid and socially relevant stimuli (emotion
faces) that influence socioemotional adaptation (Ohman, 2002).

Methods and Materials
Participants

Participants (N=138, 66 male) were Caucasian adolescents (Agemean=15.05 years, SD=0.97,
IQmean=115.8, SD=21.9) selected in infancy for a longitudinal study of socioemotional
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development. Twenty-six were excluded from the final analyses due to poor performance on
the task (<63% correct, N=4), extreme bias scores (>2.5 SDs from mean, N=5), or missing
genotype data (N=17). The final sample (N=112, 58 male, Agemean=14.97, SD=0.98,
IQmean=117.8, SD=21.1) did not differ from the excluded participants on age, gender, or IQ
(p’s>0.19). Adolescents were screened using the Schedule for Affective Disorders and
Schizophrenia for School Aged Children–Present and Lifetime Version (Kaufman et al.,
1997). The findings noted below remained intact after successive analyses controlling for all
lifetime occurrences of any DSM-IV Axis 1 disorders (p’s<0.05).

The Institutional Review Board approved all procedures and families provided written assent/
consent. Adolescents were compensated for their participation.

Genotyping
Genomic DNA was prepared from laboratory-collected saliva samples using Oragene•DNA
kits (DNA genotek, Ottawa, Ontario, Canada).

SLC6A4 promoter (5HTTLPR) genotyping was performed in two stages using size
discrimination for the S (103bp), L (146bp), LA (146bp), and LG (61bp) alleles. The 5HTTLPR
region was amplified in a 20μl reaction: 1x Optimized Buffer A, 1x PCR enhancer, 0.25μM
each primer [FAM-ATCGCTCCTGCATCCCCCATTAT (forward),
GAGGTGCAGGGGGATGCTGGAA (reverse)], 0.125μM dNTP, 10ng DNA, 1.25u
Platinum Taq polymerase (all Invitrogen Corp); 95°C (5 min), 40 cycles of 94°C (30sec), 52
°C (30sec), 68°C (1 min), and a final elongation, 68°C (10 min). S and L genotypes were
discriminated directly from the PCR reaction products, rs25531 genotype was determined by
digesting 10μl PCR mix with 50units HpaII (37°C, 1 hour, 1x restriction buffer). Samples were
mixed with deionized formamide and GeneScan™-500 ROX Size Standard (Applied
Biosystems), and genotypes resolved on a 3730 DNA Analyzer (Applied Biosystems).

Variation at the closely linked SNP rs25531 also modulates SLC6A4 efficiency with the
relatively common LG allele having a similar profile to the S allele (Hu et al., 2006). Participants
were therefore classified based on the presumed efficacy of serotonin neurotransmission: low
(SS/SLG; N=26), intermediate (SLA/LALG; N=54), and high (LALA; N=37). Groups did not
differ in age, gender, or IQ (p’s>0.15).

Dot Probe Task
Each trial (Figure 1a) began with a central fixation cross (500 ms). A face pair placed laterally
on each side of the screen was then presented (either 500 or 1500 ms). Presentation times were
varied in order to account for changes in bias linked to the chronometry of attention mechanisms
(Mogg, Bradley, Miles, & Dixon, 2004). The pictures were each 11.1 cm × 8.9 cm, with 20.1
cm between their centers. Immediately following the face pairs, a white arrow appeared for
500 ms in the location just occupied by one of the pictures. Participants pressed one of two
response keys to indicate arrow direction (up/down). Participants were seated 210 cm from the
screen with stimuli at 5.2 degrees of visual angle. The inter-trial interval varied randomly at
either 1900 or 2900 ms.

Three types of face pairs were presented: Angry/Neutral (64 trials), Happy/Neutral (64 trials),
and Neutral/Neutral (32 trials). After 16 practice trials, the 160 experimental trials were
presented in one of three pseudo-random orders. The faces (16 male; 16 female) were from the
NimStim face stimulus set (Tottenham et al., 2009) and each was seen five times. Congruent
trials had the arrow appear in the same location as the emotion face; incongruent trials had the
arrow opposite the emotion face in the location of the neutral face.
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Stimulus sex, congruency, presentation time (500/1500 ms), arrow direction (up/down), and
arrow location (right/left) were counterbalanced. Stimuli were presented with a NANAO
FlexScan 550i monitor controlled by the STIM stimulus presentation system from the James
Long Company (Caroga Lake, NY).

Statistical Analysis
Trials with incorrect responses or reaction times (RTs) less than 200 ms were removed from
analyses. The three groups did not differ on RTs across conditions (p’s>0.59). As in previous
studies (Bar-Haim et al., 2007; Mogg et al., 2004), analyses focused on the attention bias
patterns for the angry and happy faces. Bias scores were calculated by subtracting the mean
RT for congruent trials from the mean RT for incongruent trials. Positive values indicate
vigilance for the emotion stimuli; negative scores indicate avoidance.

A 2X2X3 repeated measures ANOVA was used to examine bias patterns as a function of face
emotion (angry/happy), presentation time (500 ms/1500 ms), and genotype (low/intermediate/
high). Presentation time did not interact with emotion-face or genotype (p’s>0.12). Therefore,
mean bias scores were collapsed across presentation time for post-hoc t-tests, minimizing the
number of analyses.

Results
One-sample t-tests against zero found significant vigilance to angry faces in adolescents with
the low 5HTT neurotransmission genotype (M=21.16 ms, t(24)=3.97, p=0.001, d=1.62), which
diminished as the presumed availability of serotonin increased across the intermediate (M=9.06
ms, t(49)=2.33, p=0.02, d=0.66), and high (M=5.12 ms, t(36)=1.03, p=0.31, d=0.34) 5HTT
groups (Figure 1b). The opposite pattern was evident for the happy faces--the attention bias
increased from the low (M=-0.49 ms, t(24)=-0.08, p=0.94, d=0.03), to intermediate (M=12.51
ms, t(49)=3.33, p=0.002, d=0.95), to high (M=14.31 ms, t(36)=3.02, p=0.005, d=1.01) 5HTT
neurotransmission groups.

The emotion face-by-genotype interaction, F(2, 109)=4.54, p=0.01, f=0.29, revealed a
significant linear contrast across groups. Adolescents with low 5HTT neurotransmission
displayed more vigilance to threat than their counterparts with high neurotransmission, p=0.03
(with a trend versus the intermediate group, p=0.08). For happy faces, adolescents with low
5HTT neurotransmission showed less vigilance than the high neurotransmission group, p=0.05
(again, with a trend versus the intermediate group, p=0.07).

Discussion
Our findings revealed a linear relation between presumed levels of serotonin availability and
the magnitude of attention biases towards both angry and happy faces. Importantly, gene-linked
patterns of attention bias were already evident in adolescence--the developmental window
during which anxiety often first emerges.

These findings echo recent research demonstrating that anxious adolescents show heightened
amygdala activation to threat during a dot-probe task (Monk et al., 2008), and parallel work
showing that healthy S-allele carriers exhibit an elevated amygdala response to threatening
faces (Hariri et al., 2002). Empirical studies have also shown a causal link between attention
bias to threat and anxiety in adults (MacLeod et al., 2004) and children (Eldar et al., 2008).
The S-allele may prime both a neurobiological response to threat and information processing
strategies that are biased to perceiving threat. The subsequently triggered biological and
cognitive processes may then work in tandem to increase the vulnerability to anxiety.
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Study limitations include (1) the small sample size for a gene-behavior study, which precluded
systematic analyses of related factors, such as anxiety or personality (Bar-Haim et al., 2007),
(2) no direct measure of serotonin levels despite the fact that the exact relation between allelic
status and serotonin function is complex (Canli & Lesch, 2007), and (3) the reliance on a single
measurement point, which precluded a developmental analysis of the main serotonin-attention
relation.

Nevertheless, the current data are noteworthy for finding a systematic relation between
presumed serotonin transmission and attention in a sample of adolescents. Future work should
examine the role 5-HTTLPR variation may have in the attention bias-anxiety link across both
positive and negative stimuli, perhaps moderating the ease by which the attention mechanism
translates into anxiety during development.
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Figure 1.
(a) Schematic of the attention bias task. (b) Attention bias pattern across the emotion faces for
the polymorphism groups.
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