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Abstract Fundamental biases in affective information pro-
cessing are modulated by individual differences in the emotion-
al response to environmental stimuli that may be partly based
on the individual’s genetic make-up. To extend prior dot probe
studies on attention genetics, we used a visual-search paradigm
(VSP) with pictures of angry and happy faces of both sexes as
targets, neutral faces as distractors, and a varying set size.
Participants were selected a priori depending on their 5-
HTTLPR (s/s, s/l, I/l; on a constant 1s25531 A-allele back-
ground) and COMTvall58met (val/val, valmet, met/met) geno-
types and were matched for sex and age. We demonstrate a bias
towards angry male faces (as opposed to happy male faces)
irrespective of 5-HTTLPR genotype in the first experimental
block that was maintained during the second experimental
block only in carriers of the s-allele, which implies differential
habituation processes. While a bias towards angry male faces
was observed irrespective of COMTvall58met genotype, only
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individuals with the val/val genotype exhibited a bias towards a
happy female face (as opposed to an angry female face). In
sum, our results both replicate and extend prior findings in the
field of attention genetics and add important pieces of informa-
tion to the research on attentional biases in emotion processing.

Keywords Anxiety - Attention - Serotonin - Emotion -
Dopamine - Amygdala

Attentional processes help to select relevant environmental in-
formation for further processing, thus assisting sensory systems
in overcoming their limited capacity. Enhanced attentional sen-
sitivity to threat-related stimuli is characteristic of patients suf-
fering from anxiety disorders (e.g., Mogg & Bradley, 1999; for a
meta-analysis, see Bar-Haim, Lamy, Pergamin, Bakermans-
Kranenburg, & van 1Jzendoorn, 2007) and manifests as en-
hanced shifting and attentional engagement towards fear stimuli
(e.g., Ohman, Flykt, & Esteves, 2001), as well as impeded
disengagement from these stimuli (e.g., Rinck, Reinecke,
Ellwart, Heuer, & Becker, 2005). This attentional bias is not
only symptomatic of anxiety but may, in fact, be causally
involved in both development and maintenance of anxiety
(Bar-Haim et al., 2007; Yiend, 2010). The spatial attention
capture by visual threat signals has often been studied using
the dot probe paradigm (DPP) and the visual search paradigm
(VSP).

Dot probe paradigm versus visual search paradigm

In the DPP, two stimuli (e.g., pictures) are presented on the right
and left sides of a fixation cross. Subsequently, one of the
stimuli is replaced by a probe (e.g., :) that participants are
instructed to detect and react to as quickly as possible.
Enhanced reaction times (RTs) to probes appearing in the
location previously occupied by threatening pictures (facilitated
threat detection), as opposed to neutral pictures, are taken to
reflect difficulty in “disengaging” (Posner, 1980; selection and
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processing of a stimulus is withdrawn) from threat. The dot
probe task, however, cannot discriminate between disengage-
ment and engagement (Posner, 1980; selection and facilitation
of processing of a stimulus) processes (Bar-Haim et al., 2007).
The VSP, in turn, measures the latency of detecting an emo-
tionally evocative target stimulus among an array of distractor
stimuli and primarily assesses attentional shifts in orienting
(Posner, 1980; spatial relocation of attention across the visual
field). When using neutral or homogenous distractors (as in the
present study), the VSP represents processes of clean attention-
al engagement that is not confounded by disengagement pro-
cesses and, thus, is considered superior to the DPP or cuing
studies (Yiend, 2010). Using a potentially threatening target
stimulus and neutral faces as distractors, several studies have
reported faster detection of angry than of happy target faces
(Ohman, Lundqvist, & Esteves, 2001; Pinkham, Griffin,
Baron, Sasson, & Gur, 2010), particularly among anxious
individuals (Gilboa-Schechtman, Foa, & Amir, 1999; Juth,
Lundqvist, Karlsson, & Ohman, 2005). However, this finding
is controversial, some studies even reporting faster detection of
happy than of angry faces, particularly if the faces are female
(Calvo & Nummenmaa, 2008; Juth et al., 2005; Ohman, Juth,
& Lundgvist, 2010).

The serotonin transporter-linked polymorphic region

Biases in affective information processing are modulated by
individual differences that partly reflect the individual’s genetic
make-up. Two genetic polymorphisms have commonly been
associated with individual differences in attention processes
and/or emotional reactivity: the 5-HTTLPR/rs25531 and the
COMTvall58met polymorphisms (see below). The 5-
HTTLPR represents a 43-bp ins/del in the serotonin transporter
promoter. The minor s-allele (as compared with the long 1-
allele) is associated with reduced 5-HTT expression in vitro
(Heils et al., 1995), but results from in vivo and postmortem
studies are inconsistent (Uher & McGuffin, 2008). Recent
studies suggest that (early) neurodevelopmental effects may
underlie these functional associations (Gaspar, Cases, &
Maroteaux, 2003; Jedema et al., 2010). The minor G-allele of
a single-nucleotide polymorphism (SNP), rs25531, in close
proximity to the 5-HTTLPR, reduces 5-HTT expression levels
in 5-HTTLPR l-allele carriers to an expression level similar to s-
carriers (Hu et al., 2006). Since the combination of 5-H7TTLPR
and rs25531 (“triallelic 5-HTTLPR”) is thought to better cap-
ture the functionality of the 5-HTT promoter region, their
combination has become the standard procedure.

The 5-HTTLPR s-allele is associated with enhanced neu-
roticism (for a review, see, e.g., Sen, Burmeister, & Ghosh,
2004), increased amygdala reactivity (Munafo et al., 2008),
and less amygdala habituation (Lonsdorf et al., 2011), as well
as facilitated fear acquisition (Lonsdorf et al., 2009). Studies

that assessed the effect of the 5-H77TLPR on human attention
(Beevers, Gibb, McGeary, & Miller, 2007; Carlson, Mujica-
Parodi, Harmon-Jones, & Hajcak, 2012; Fox, Ridgewell, &
Ashwin, 2009; Fox, Zougkou, Ridgewell, & Garner, 2011;
Kwang, Wells, McGeary, Swann, & Beevers, 2010; Osinsky
et al., 2008; Pérez-Edgar et al., 2010) primarily used the dot
probe task (MacLeod, Mathews, & Tata, 1986) or, in some
cases, the spatial cuing paradigm introduced by Posner (1980;
Beevers, Pacheco, Clasen, McGeary, & Schnyer, 2010;
Beevers, Wells, Ellis, & McGeary, 2009).

The results of these studies show that participants who were
homozygous for the 5-HTTLPR I-allele showed vigilance for
positive information by demonstrating shorter RTs to probes
that followed positive rather than negative pictures. In addition,
avoidance of negative pictures was demonstrated by shorter
choice RTs when the probe followed a neutral picture paired
with a negative rather than a positive stimulus (Fox et al., 2009;
Kwang et al., 2010; Pérez-Edgar et al., 2010; for a review, see
Pergamin-Hight et al., 2012). Participants homozygous for the
s-allele display a bias toward negative stimuli (for a meta-
analysis, see Pergamin-Hight et al., 2012; but see Fox et al.,
2009). This pattern of orienting spatial attention to fearful faces
in s-carriers and directing attention away from fearful faces was
also observed using backward-masked fearful faces and, thus,
under restricted processing conditions (Carlson et al., 2012). In
addition, a recent fMRI study in adolescents reports greater
attention bias only to subliminally, but not supraliminary,
presented fear stimuli (Thomason et al., 2010). In sum, these
studies on 5-HTTLPR reveal a rather consistent picture,
suggesting a bias for negative material in s-carriers and a bias
for positive material in homozygous I-carriers, which line up
with results from the fields of emotion and anxiety (for a
review, see Homberg & Lesch, 2011).

The COMTvall58met polymorphism

A common SNP in the gene coding for the catecholamine
degrading enzyme catechol-o-methyltransferase (COMT),
COMTvall58met, leads to the substitution of the amino acid
valine by methionine at codon 158. The met-allele, which is
associated with a four times reduced enzymatic activity
(Weinshilboum, Otterness, & Szumlanski, 1999), has also
been associated with the processing of emotional stimuli
(Heinz & Smolka, 2006), slow extinction of conditioned fear
responses (Lonsdorf et al., 2009), and heightened amygdala
reactivity (Lonsdorf et al., 2011; Rasch et al., 2010; Smolka
et al., 2007; but see Domschke et al., 2012). Amygdala
activation in met-carriers has also been shown to be increased
during the processing of facial fear expressions and to be
decreased during processing of happy facial expressions
(Williams et al., 2010). Together, studies in the field of emo-
tion suggest a modulatory role for this polymorphism in the
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processing of and attention to emotional material, with the
met-allele being associated with heightened reactivity to neg-
ative material. However, studies directly addressing the role of
COMTvall58met in attention processes are largely lacking to
date. A single study reported a positive correlation between
val-allele load and activity in control- and task-related regions
during attention allocation performance under emotional dis-
traction (Bishop, Cohen, Fossella, Casey, & Farah, 2000).

The present study

The present study was planned to broaden the database for the
roles of the 5-HTTLPR and COMTvall 58met polymorphism in
the emotional guidance of attention. Rather than the frequently
used (with respect to attention genetics studies) DPP, we used a
VSP to discriminate between engage and disengage compo-
nents of attention allocation. In this VSP, participants looked for
single angry or happy photographically depicted target faces in
a “crowd” of neutral faces. In a previous study (Ohman et al.,
2010), we showed that the VSP, depending on context and
target gender, can result either in an angry advantage (faster
detection of angry than of happy faces) or in a happy advantage
(faster detection of happy than of angry faces).

In addition, cognitive load was manipulated by using ar-
rays of different set sizes (4, 8, 12, or 16 pictures). According
to influential theory (Treisman, 2006; Treisman & Gelade,
1980; Wolfe, 1994), assessing the effect of cognitive load
allows differentiation between automatic and cognitively con-
trolled attention. Thus, minimal effect of increasing set size
with a particular target—distractor combination suggests auto-
matic target detection, whereas a reliable effect of set size is
taken as evidence of controlled serial search. For exploratory
purposes, effect size was thus manipulated in our study. On
the basis of previous studies in the fields of emotion and
attention, we predicted an association between the J5-
HTTLPR V/l-genotype, as well the COMT val/val genotype,
and a happy VSP advantage. Furthermore, we expected an
association of the SHTTLPR s-allele genotype, as well the
COMT met-allele, with an angry VSP advantage.

Method
Participants

Participants were recruited from a large pool (~600) of geno-
typed individuals. They were selected on the basis of their 5-
HTTLPR/rs25531 and COMTvall58met genotypes (rs4680)
and were matched for gender and age. This created genotype
groups for each polymorphism that differed neither with re-
spect to the genotype distribution of the other polymorphism
nor in age and gender. Exclusion criteria were selfreported
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lifetime psychiatric disorders, psychopharmacological treat-
ment, or non-Caucasian ancestry. In total, 52 participants (27
females) participated in the experiment, of which 3 (2 females)
had to be excluded from data analyses due to technical prob-
lems, which left 49 individuals (26 females) for analyses. Age
of the participants ranged between 19 and 32 years, with a
mean of 24.4 years (SD = 3.0). All participants had normal or
corrected—to-normal vision and received two cinema ticket
vouchers for their participation. The gender and genotype
distributions of the participants are displayed in Table 1.

Genotyping

Genetic material was collected as either 20-ml whole blood
samples (stored at —20°C until DNA extraction) or as saliva
samples (stored at room temperature) using the Orangene®
DNA self-extraction kit (DNA Genotek Inc., Kanata,
Canada). DNA extraction was performed using the protocol
and reagents supplied by Orangene (saliva samples) or was
performed robotized by the local Biobank (KI Biobank,
Karolinska Institutet, Stockholm) using standard methods
(Autopure LS system, Gentra Systems, Minneapolis, MN).
All DNA samples were genotyped as described earlier in
detail for S-HTTLPR/rs25531 (Lonsdorf et al., 2010; see also
the correction) and COMTvall158met (Lonsdorf et al., 2009).

Stimuli

Stimuli were taken from the Karolinska Directed Emotional
Faces (KDEF), which is an extensive set of faces incorporat-
ing 70 actors of Caucasian origin (Lundqvist, Flykt, &
Ohman, 1998). A pool of 12 actors was selected (females
no. 01, 07, 16, 21, 29, 35; and males no. 03, 10, 17, 28, 30,
31); each displayed three different facial expressions (neutral,
happy, and angry) on separate pictures. During the experi-
ment, participants were exposed to a subset of six randomly
selected individual faces from this pool of 12 actors (3 female
and 3 male). Different KDEF stimuli were used for the

Table 1 Genotype distributions (number of females is given in parentheses)

5-HTTLPR Genotype”
Long/  Short/  Short/
Long Long Short
COMTvall58met  Met/met 6(3) 6(3) 6(4)  18(10)
genotype Vallmet 5(2) 62) 6@3) 17(7)
Valval  5(2) 5(3) 4()  14(6)
16(7) 17(8) 16(8) 49 (26)

* All participants were selected on a constant 1525531 A-allele back-
ground (in other words, all participants carrying a rs25531 G-allele were a
priori not included).
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practice session, and these were not included in the experi-
mental tasks. A computer with an AMD Athlon™ 1.67-GHz
and 1.00-GB RAM processor, with a 20-in. 85Hz Sony GDM-
F520 CRT monitor, was programmed in Macromedia Director
MX software (Macromedia, Inc) to present visual displays and
to measure RTs and accuracy. The resolution of the screen was
2,560 x 1,600, and the size of the presented stimuli was 120 x
160 pixels.

Maximally, 48 stimuli were shown placed in a virtual
matrix, since this matrix was maximally 8 stimuli in width
and 6 stimuli in height. The set size varied between 4, 8, 12,
and 16 positions within these possible 48 positions, which
were randomly selected. Placement within the matrix was (on
average) spaced by 200 pixels in both the x and the y direc-
tions (with a deviation of 40 and 30 pixels, respectively). Any
given stimulus was presented on the given position with a
deviation of 20 on the x-axis and £15 on the y-axis. On the
screen, the distance from the center of the display to the center
of each face was 11 cm (9° in visual angle). Each face was
7.2 x 5.3 cm (approximately 6° x 4° in visual angles), and the
size of the whole display was 27.3 x 26.1 cm (approximately
22° x 21° in visual angles). Participants were seated at a
distance of approximately 70 cm from the screen. Trials were
initiated by the appearance of the fixation cross (0.4 cm) at the
center of the screen. It remained on for 1 s, when it was
replaced by the face array, which remained on until terminated
by the response or when 10 s had elapsed. The intertrial
intervals were 3 s.

Experimental paradigm

The participants were tested individually and received self-
paced computerized instructions of the visual search task, with
demonstrations and practice sessions immediately before the
task. On half of the trials, the display showed only neutral
faces (no-target trials), and on the other half (target trials), one
of the neutral faces was exchanged for an emotional target
face depicting an angry or happy facial expression. Half of the
target trials showed a male, and the other half showed a female
target face. Distractor pictures always displayed individuals
with a neutral facial expression. Target position was random-
ized, with the constraint that it appeared with equal probability
at all possible locations. The size of the array (i.e., the set size)
varied between 4, 8, 12, and 16 faces across trials, with one
emotional target face and the remaining positions occupied by
neutral distractor faces on target trials and only neutral
distractor faces on no-target trials. The task included a total
of 192 trials, balancing target presence (2), target emotion (2),
target position (6; each face served as a target 6 times), set size
(4), and block (2). The participants’ task was to use two
designated keys on the computer keyboard to indicate whether
a discrepant emotional face was present in the display or not as
quickly and accurately as possible,

Statistical analyses

RTs were analyzed using separate mixed model ANOVAs
(target gender [2] x target emotion [2] % set size [4] x block
[2]), with genotype (SHTTLPR or COMTvall58met, respec-
tively) as the between-subjects variable and RT and accuracy,
respectively, as the dependent measure. Outlier data points
(#3 SDs from the individual’s mean) were replaced by the
individual’s mean (3 SDs). RTs were log-transformed in
order to rectify the positively skewed distributions. Back-
transformed values are given in tables and figures. All statis-
tical analyses were performed using PASW (Version 18, SPSS
Inc., Chicago, IL); p < .05 was considered significant, and
Greenhouse—Geisser corrected degrees of freedom were used
when appropriate.

Results
Descriptive analyses

Neither 5-HTTLPR nor COMTvall58met genotype groups dif-
fered significantly in gender distribution, as was indicated by
nonsignificant x* tests (both ps > .65). Furthermore, a nonsig-
nificant x* test confirmed that within 5-HTTLPR genotype
groups, the COMTvall58met genotype groups were equally
distributed, p = 1 (see also Table 2) and, thereby, confirmed
successful participant matching despite some drop-outs (see
above). Genotype groups did not differ in age, all Fs < 1.

Reaction times

Main effects of task were found to replicate prior results (see,
e.g., Juth et al., 2005; Ohman et al., 2010) of shorter RTs for
angry versus happy targets (angry bias) and an effect of set size
(shorter RTs for smaller set sizes), as well as an interaction
between target gender and target valence (happy bias for
female targets and angry bias for male targets). Detailed results
can be found in the Supplementary material.

SHTTLPR

A mixed-model ANOVA (target gender [2] x valence [2] % set
size [4] x block [2]) on RTs, with 5-HTTLPR genotype (11, s/l,
s/s) as a between-subjects variable, revealed a four-way target
gender x target valence X block x 5-HTTLPR interaction,
p = .011 (see Table 2A for statistical details and Fig. 1),
representing a modulation of the main effect of task (target
gender % target valence) by 5-HTTLPR genotype and time. In
the case of a male target, participants displayed a bias toward
angry faces in the first block of the experiment irrespective of 5-
HTTLPR genotype [s/s, F(1, 15) = 5.05, p = .04, 1> = 25; s/l,
F(1,16)=5.11, p= 038,17 = 24; /I, F(1, 15)=10.11, p < .001,
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Table 2 Statistical results for the analyses including 5-HT7TLPR (A) or COMTvall58met genotypes (B) as factors

(A) 5-HTTLPR Genotype Effects df F P
Set size x block x 5-HTTLPR

Target valence x target gender x block x 5-HTTLPR 2,45  5.01 .01l

(B) COMTvall58met genotype effects
Target valence x target gender x COMTvall58met

6,135 324 .007

245 352 .038

nz Direction of the Effect (RT)

.13 Small arrays (4, 8):
1/1, 2nd block > 1st block; s/s and s/l, 2nd block = 1st block
Large arrays (12, 16):
1/1, 2nd block = 1st block; s/l, 2nd block >1st block; s/s,

2nd block > 1st block for 16 items, but 2nd block = 1st block
for 12 items

.18  Male target:
Ist block: angry > happy for all 5S-HTTLPR genotypes
2nd block: angry > happy for s/l and s/1 but not I/1
Female target:
Ist block: happy > angry for I/l but not s/l or s/s
2nd block: happy = angry for all 5-HTTLPR genotypes

.14 Female target:
Angry > happy only for val/val but not val/met or met/met
Male target:
happy > angry for all COMTvall58met genotypes

7 = .57]. In the second block, carriers of one or two s-alleles
(s/l and s/s) both still displayed this bias [s/s, F(1, 15)=4.77,
p =045 17 = 24; s/l, F(1, 16) = 16.28, p = .001, 1/* = .50],
while individuals with the 1/1 genotype did not show an atten-
tional bias toward a male face with an angry expression,
F(1,15<1,p=.54.

To the contrary, in the case of female targets, carriers of one
or two s-alleles did not show any attentional bias during the

male target
© 325, XKk *
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= Kk *
3
N T 3.20 4
(-]
< E
k) ,g 3.15 1 T
m g
& 3.10 1
[=))
°
3.05 T T
Il sl ss

first half [s/s, F(1, 15)=1.23, p=.29; s/, F(1,16) <1, p=.86].
Individuals with the I/l genotype, in turn, displayed a bias
toward happy female faces in the first block of the experiment
[happy bias: F(1, 15) = 6.23, p = .025, 17> = .29]. During the
second block, no attentional bias to a female target was ob-
served in either genotype group, all Fs < 1. In addition, a three-
way set size x block x 5-HTTLPR interaction (p = .007; see
Table 2A for statistical details) was observed that was,

Oangry

* female target Whappy

3.25 -
3.20 4
3.15 4

3.10 4

3.05 T T
I sl ss

3.25 -

3.20 4

3.15 4

3.10

3.05 T T
] sl (13

Fig. 1 Graphical display of the target gender x target valence x block x 5-HTTLPR interaction. *p <.05; **p < .01; ***p <.001
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however, not of interest to our main hypotheses (thus, we refer
the interested reader to the Supplementary materials).

COMTvall 58met

A mixed-model ANOVA (target gender [2] x valence [2] X set
size [4] x block [2]) on RTs, with COMTval158met genotype
(val/val, val/met, met/met) as the between-subjects variable,
revealed a target valence X target gender x COMTvall58met
genotype interaction, p = .038 (see Table 2B for statistical details
and Fig. 2). In the case of a male target, all COMTvall58met
genotype groups showed significantly shorter RTs toward angry,
as compared with happy, faces [met/met, F(1, 17) = 9.35,
p =007, 17 = 36; val/met, F(1, 16) = 8.79, p = .009, 1> = .36;
1, F(1, 13) = 27.87, p < .001, 1> = .68]. In cases of a female
target, however, only individuals with the val/val genotype
showed shorter RTs to happy than to angry faces, F(1, 13) =
8.98, p = .010, 772 = 41. Carriers of one or two met-alleles,
however, did not react faster to angry or happy female faces
[met/met, F(1, 16)=3.04, p=.10; val/met, F(1, 16)<1, p=.53].

Accuracy and post hoc power calculations

Detection accuracy was better in smaller set sizes (vs. bigger
ones) and for female targets (vs. male targets). Furthermore, in
the case of a female target, a happy face was detected more
accurately, while in the case of a male target, an angry face
was detected more accurately (see the Supplementary material
for statistical details). No main effect or interaction effect
involving 5-HTTLPR or COMTvall58met genotype yielded
statistically significant results.

Post hoc power calculations were performed using the
program GPower (Faul, Erdfelder, Lang, & Buchner, 2007).
On the basis of the partial 7° of our major finding (target
valence % target gender x block x 5S-HTTLPR), a large effect
(f= .47) was calculated by the program. On the basis of this
effect size, the sample size of 49, three different groups, and an
a-level of .05, G-Power calculated a power (1 — /8 — probabil-
ity error) of .99 for our study. Thus, we can conclude that our

o 3.25 - *%* male target

‘c

3

T 3.20

£

O 3.15

"]

&

& 3.0 1

o]

o

3.05 T .
vallval valimet met/met

study did not suffer from power issues. Assuming a medium
small effect size of f=.25 and a lower correlation between the
measurements (e.g., as for the explorative target valence x
target gender X block x set size interaction, where the number
of trials per condition would only be 3), our study would have
only had a power of .74 to detect an effect.

Discussion

Our results replicate prior results from VSP studies, as well as
attention genetics studies, and add important new pieces of
information to this field. We replicate prior findings from VSP
experiments using photographically depicted real faces, show-
ing that the interplay between target gender and target valence
affects detection biases. Specifically, the detection of an angry
facial expression is facilitated in the case of a male target,
while the detection of a happy facial expression is facilitated in
the case of a female target (Becker et al., 2007; Ohman et al.,
2010). With respect to attention genetics, the present study
extends these prior findings by demonstrating that this target
gender x target valence interaction effect is further modulated
by COMTvall58met and 5-HTTLPR genotypes (and time)
and, thereby, provides important new information beyond
previous results based on dot probe studies.

First, in line with our hypotheses, these results show a more
pronounced time-stable threat-superiority effect in 5-HTTLPR
s-carriers. In addition, as was expected, a happy-superiority
effect was found only in individuals homozygous for the 5-
HTTLPR l-allele. Our results thus replicate findings on 5-
HTTLPR and attention biases originating from the DPP
(where the emotional valence of the picture is task irrelevant)
using a different methodology (VSP, where the emotional
valence of the target is task relevant, since a deviant picture
has to be detected) and thus suggest that the engagement
component, which is captured by both tasks, might be related
to this genotype, rather than disengagement components,
which are captured by the DPP but not the VSP. This means
that attentional selectivity with respect to the S-HTTLPR

female target B angry
3.25 - * kK *% W happy
**
3.20
3.15 4
3.10
3.05 T T
vallval valimet met/imet

Fig. 2 Graphical display of the target valence x target gender x COMTvall58met interaction. *p < .05; **p <.01; ***p < .001
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might result from preferential attention engagement with emo-
tionally threatening stimuli, rather than from selective diffi-
culty in disengaging attention from such information.
However, it has to be noted that research using clinical or
anxious populations has generally suggested difficulties in
disengaging attention from threat in these populations (for a
review, see, e.g., Cisler & Koster, 2010). Furthermore, in
visual search tasks, longer response latencies are attributed
to interference, but it has not been unequivocally shown
whether such interference is the result of biased attentional
engagement with or biased attentional disengagement from
threatening material (for a review, see, e.g., Cisler & Koster,
2010).

While s-carriers have consistently shown a bias toward
negative stimuli in DPP studies (Beevers et al., 2007; Carlson
et al., 2012; Kwang et al., 2010; Osinsky et al., 2008; Pérez-
Edgar et al., 2010), a bias toward positive stimuli or away from
negative stimuli was observed in individuals with the 1/l geno-
type only (Carlson et al., 2012; Fox et al., 2009; Kwang et al.,
2010; Pérez-Edgar et al., 2010). These findings have recently
been confirmed by a meta-analysis (Pergamin-Hight et al.,
2012) and have been extended by Fox and colleagues, who
used an attention bias modification technique (Colin MacLeod,
& Mathews, 2012) to demonstrate that s-carriers/low 5-HTT
expressing individuals develop stronger biases for both nega-
tive and positive stimuli (Fox et al., 2011). This finding, as well
as a generally more pronounced attentional threat-bias in 5-
HTTLPR s-carriers, relates to facilitated fear conditioning in
this genotype group (Lonsdorf et al., 2009), since attentional
threat biases are primarily acquired through fear learning
(Beaver, Mogg, & Bradley, 2005; Pischek-Simpson, Boschen,
Neumann, & Waters, 2009). Despite these associations with
negative emotionality, the 5-HTTLPR has been discussed lately
rather in the framework of a plasticity-inducing (for better and
for worse; Belsky et al., 2009) polymorphism, and in line with
this, Fox et al. (2011) found s-carriers to be more responsive to
the induction of both negative and positive attention biases in
an attention bias modification task using the DPP. This finding
may be taken to suggest that this genotype group may profit
more from (cognitive) psychological treatment interventions.
However, therapy genetics studies have not revealed a consis-
tent picture (for a review, see Lester & Eley, 2013). The data in
Fox et al. (2011) may, however, suggest that s-carriers may be
particularly sensitive for cognitive, as opposed to exposure-
based, treatments. That is, the cognitive aspects of CBT aim
at changing the biased information processing (i.e., cognitive
modification; e.g., Clark & Beck, 2010) that is central to
anxiety disorders. In support of this hypothesis, no effects on
fear extinction processes are observed in humans (Lonsdorf
et al., 2009).

The second new piece of information with respect to atten-
tion genetics supports our previous findings of different amyg-
dala habituation slopes in the processing of angry faces
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(Lonsdorf et al., 2011). Here, we find additional evidence
for a steeper habituation curve in homozygous l-carriers, as
compared with 5-HTTLPR s-carriers: While we observed a
bias toward angry male faces (vs. happy male faces)
irrespective of 5-HTTLPR genotype in the first block of the
experiment, this bias was maintained during the second block
in 5-HTTLPR s-allele carriers only. Similarly, while a happy
superiority effect was absent in s-carriers throughout the ex-
periment, this bias was present in homozygous l-carriers in the
first block but disappeared in the second block, again
suggesting habituation. Thus, while 5-HTTLPR s-carriers
maintained their attentional biases (or their absence) during
both blocks of the experiment, noncarriers exhibited no spe-
cific biases during the second block of the experiment. These
results may represent a behavioral correlate of our recent
report of different amygdala habituation slopes during face
processing (Lonsdorf et al., 2011).

The third new piece of information provided by our results is
the happy superiority effect that was observed in the
COMTvall58met val/val genotype group only (happy vs. angry
female face), while a negativity bias (angry vs. happy male face)
was present irrespective of COMTvall58met genotype. It is
interesting to note that the happy superiority effect was observed
only for individuals who were either noncarriers of the J5-
HTTLPR s-allele (I/1) or noncarriers of the COMTvall58met
met-allele (val/val). Both the 5-HTTLPR s-allele and the
COMTvall58met met-allele have previously been associated
with negative emotionality and anxiety-related traits, as well as
clinical anxiety disorders. Thus, it is interesting that the homo-
zygous carriers of the so-called “nonrisk™ or “protective” alleles
for both polymorphisms displayed a happy advantage, while
“risk-allele” carriers did not. This suggests that these individuals,
in fact, may be emotionally resilient against negative life events
and stress (for 5-HTTLPR: Kuepper et al., 2012), due to their
perceptual bias, which may contribute to mental health and well-
being (Fox, 1993).

Selective attention to threatening or negative emotional
stimuli has been suggested as a main risk factor in the
aetiology, as well as the maintenance, of affective disorders
(Bar-Haim et al., 2007), and it has even been suggested to be
causally involved in this vulnerability (Yiend & Mathews,
2004). In particular, the absence of a protective bias (here,
toward happy female faces) in combination with a persistent
vulnerability factor in terms of an angry bias observed in
carriers of the 5-HTTLPR s-allele or the COMTvall58met
met/met genotype may enhance their vulnerability to devel-
oping negative emotionality. In fact, heightened neuroticism
scores have been associated with the 5-HTTLPR s-allele (Sen
et al., 2004), and the COMTvall8met met/met genotype has
also been associated with resistance to extinction (Lonsdorf
etal., 2009), resistance to profiting from exposure-based CBT
(Lonsdorf et al., 2010), and enhanced activation in limbic
areas during the processing of unpleasant stimuli as measured
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by fMRI (Lonsdorf et al., 2011; Rasch et al., 2010; Smolka
et al.,, 2007; but see Domschke et al., 2012) and EEG
(Herrmann et al., 2009).

We have demonstrated an association of attentional biases
with both the 5-HTTLPR and the COMTvall58met polymor-
phisms. Even though these results are interesting, it should be
pointed out clearly that no single polymorphism or single gene
causes attentional biases. Furthermore, our study employed an
association study approach that does not allow causal infer-
ences. Genes and their polymorphisms do not code for behav-
ior or attentional biases, but they affect the neurochemical
environment of the developing and adult brain and, thus, may
bias and shape neural networks and neural connectivity in-
volved in attentional and emotional processes. Thus, the mech-
anisms underlying these associations remain to be elucidated.

While our study has several major strengths (e.g., the
prospective genotyping approach, a well-studied experimental
design), some limitations should also be mentioned here. Our
experimental sample was highly selected in multiple ways,
since individuals were selected on the basis of genotype, age,
and gender from a large pool of genotyped individuals. Thus,
inferences on the general population may not be adequate. In
addition, our sample was rather small for a genetic association
study. The findings involving the explorative highest order
target valence x target sex x block X set size interaction were
nonsignificant, since, given our sample size, statistical power
was not satisfactory.

Despite these limitations, we believe that our study extends
prior findings in the field of attention genetics, adds important
pieces of information to the research on attentional biases in
emotion processing, and makes a contribution to their under-
standing. The present results may be of relevance for person-
alized treatment of affective disorders: If individuals with a
certain genetic make-up are more prone do display attention
biases that may enhance or maintain vulnerability for these
disorders, it may be assumed that these individuals not only
may be more prone for these disorders, but also may suffer
from more severe symptoms (Lonsdorf et al., 2010).
Furthermore, these attentional biases may represent an appro-
priate and promising intervention point for personalized
cognitive-behavioral treatments (e.g.. attention bias modifica-
tion therapy; MacLeod & Mathews, 2012)—in particular, for
individuals with a specific genetic profile (Fox et al., 2011).
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