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Early studies of genetic effects on brain activity have been conducted to investigate primarily either
the influence of polymorphisms in dopaminergic genes, especially the catechol-O-methyltransferase
(COMT) gene, on prefrontal cognitive processes such as working memory, or that of polymorphisms
in the serotonin transporter gene on the amygdala response to threatening stimuli. Here, we address
genetic influences on the neural systems underlying cognitive—affective interactions. Specifically,
we assess the effect of the COMT vall58met polymorphism on frontal regulation of attention under
emotional distraction. Healthy volunteers were scanned while performing a house-matching task with
affectively negative versus neutral distractors. Effects of val allele load were examined on frontal
regions associated with attentional control and emotion regulation, and on parahippocampal regions
associated with perception of houses. As we predicted, val load correlated positively with activity in
control- and task-related regions during performance under emotional distraction. These findings pro-
vide an initial step toward identifying genetic contributions to interindividual variability in recruitment
of mechanisms that regulate affective processing.

One of the most exciting recent developments in func-
tional neuroimaging is the discovery that fMRI and other
imaging methods are capable of revealing the neural cor-
relates of individual differences in psychological process-
ing among healthy, normal people. In contrast to earlier
work, in which the activity of typical or average brains
(Posner & Raichle, 1995) or differences between nor-
mal and pathological brains (Frith & Dolan, 1998) were
mapped, in recent studies correlations have been made
between differences in brain activity during cognitive
or affective processing and normal individual variation
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in characteristics such as intelligence (Gray, Chabris, &
Braver, 2003), anxiety (Bishop, Duncan, Brett, & Law-
rence, 2004; Etkin et al., 2004), extraversion, and neuroti-
cism (Canli, Silvers, Whitfield, Gotlib, & Gabrieli, 2002;
Canli et al., 2001).

Neuroimaging is also being used to investigate how
specific genetic polymorphisms influence individual dif-
ferences in neurocognitive function. This approach is par-
ticularly valuable when polymorphisms are identified that
are common (i.e., those that possess two or more different
alleles that are fairly frequent in the general population)
and have functional consequences for brain activity—for
example, by altering neurotransmitter metabolism.

A compelling case has been made for the use of a poly-
genic framework in considering the contribution of such
genetic factors to common psychiatric conditions, given
the mixed findings of many association studies (for a re-
view, see Comings, 2001). However, it has been argued
that genetic influences may be observed more clearly at
the neurophysiological level, as measured by the blood-
oxygenation-level-dependent (BOLD) signal in fMRI,
than at the level of clinical diagnosis or behavior, making
it viable to detect small changes in variance accounted
for by single polymorphisms (Goldberg & Weinberger,
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2004). Indeed, polygenic contributions to psychiatric dis-
orders may reflect a combination of genetic influences on
different neurocognitive mechanisms. These influences
may also contribute to variability in cognitive and affec-
tive profiles within the population as a whole. A genetic
imaging approach allows us to focus on specific neuro-
cognitive mechanisms and to examine how particular
genetic polymorphisms account for variability between
individuals in neural recruitment. As initial small-scale
studies such as the one described here sketch out a picture
of polymorphisms of potential interest, larger scale stud-
ies can build upon them to examine gene X gene interac-
tions and dissociations.

In the present study, we used a genetic imaging ap-
proach to investigate whether or not the catechol-O-
methyltransferase (COMT) vall3¥met polymorphism in-
fluences frontal cortical activation during task conditions
requiring regulation of attention to threat-related distrac-
tors. This is an initial attempt to examine the influence of
single genetic polymorphisms on activation of the neural
mechanisms governing cognitive—affective interactions.

COMT degrades both dopamine and norepinephrine.
The polymorphism of interest involves the substitution of
methionine for valine at codon 158 (Lachman et al., 1996).
The enzyme containing met!38 is unstable at 37°C and has
roughly one quarter of the activity of the val!58 enzyme
(Lotta et al., 1995). The alleles are codominant, with het-
erozygous individuals having levels of enzyme activity
that are midway between those of homozygous individuals
(Weinshilboum, Otterness, & Szumlanski, 1999). Given
the scarcity of dopamine transporter in the prefrontal
cortex (PFC; Lewis, Sesack, Levey, & Rosenberg, 1998;
Sesack, Hawrylak, Matus, Guido, & Levey, 1998), the
COMT val!33met polymorphism has been suggested to
have an especially critical influence on dopamine levels in
this region. Specifically, possession of the more active val
allele is thought to be associated with increased metabo-
lism and, consequently, lower levels of synaptic dopamine
(Mattay et al., 2003; but see Bilder, Volavka, Lachman, &
Grace, 2004, for an account that distinguishes between
potentially opposing effects of the COMT val!3¥met poly-
morphism on phasic and tonic dopamine mechanisms).

Prefrontal function is optimized within a relatively
narrow range of dopaminergic activity (Arnsten, 1998;
Goldman-Rakic, 1998). Hence, differences in the metabo-
lism of prefrontal dopamine associated with the COMT
vall>8met polymorphism may impact measurably on
prefrontal function. In line with this view, a number of
studies have reported an effect of COMT genotype on be-
havioral performance and/or neural activity during tasks
that tap PFC function. These studies have focused primarily
on purely “cognitive” processing—in particular, working
memory and set shifting. Val allele load has been found to
be positively correlated with PFC activation during per-
formance of “two-back” tests of working memory (Egan
etal., 2001) and negatively correlated with behavioral
measures of performance—accuracy in particular—both

for two-back tests (as reported within a separate second
study—Goldberg et al., 2003) and for the Wisconsin card
sorting task (Bruder et al., 2005; Egan et al., 2001; Mal-
hotra et al., 2002). However, in other tests of prefrontal
function, including reversal learning and regulation of re-
sponse competition, val allele load has been positively as-
sociated with performance accuracy (Fossella et al., 2002;
Nolan, Bilder, Lachman, & Volavka, 2004), resulting in
an ongoing debate relating to the factors determining the
association observed between COMT genotype and task
performance (Bilder et al., 2004).

In contrast to this body of work, the initial genetic im-
aging studies of affective processing have focused pri-
marily on a polymorphism in the serotonin transporter
gene (SHTT-LPR) and the extent to which it modulates
amygdala function. Possession of one or two copies of the
short allele is associated with reduced serotonin reuptake
and an augmented amygdala response to negatively va-
lenced stimuli (Hariri et al., 2005; Hariri et al., 2002; see
Brown & Hariri, 2006). This research focus is not surpris-
ing given the large literature on the role of the amygdala
in the response to emotional stimuli. However, cognitive
and affective systems are not orthogonal, and recently we
and others have found that regions implicated in cognitive
control may also play a crucial role in the regulation of the
processing of emotional stimuli and the experience of af-
fective states (Bishop, Duncan, Brett, & Lawrence, 2004;
Casey, 2005; Ochsner & Gross, 2005). In one example, we
built on the extensive literature demonstrating a role of the
PFC in controlling attention to distractor stimuli (Casey,
2005; Miller & Cohen, 2001) by investigating top-down
influences on the processing of task-irrelevant negative
stimuli (Bishop, Duncan, Brett, & Lawrence, 2004). We
showed increased prefrontal recruitment in response to
heightened expectancy of threat-related distractors, the
magnitude of the response observed being reduced in in-
dividuals reporting high levels of state anxiety.

These findings led us to question whether genetic influ-
ences on frontal cortical function might affect the regula-
tion of emotional processing. In addition to reports of a
positive association between COMT val allele load and
PFC activation during cognitive performance, there is
some evidence to suggest that the COMT met allele may be
associated with increased levels of anxiety-related symp-
tomatology (Enoch, Xu, Ferro, Harris, & Goldman, 2003;
Karayiorgou et al., 1997; Olsson et al., 2005; Woo et al.,
2004) and with reduced ability to regulate the response to
negative stimuli such as pain (Zubieta et al., 2003). Given
these findings, we were interested in investigating the
impact of the COMT val!58met polymorphism on frontal
regulation of attentional control over negatively valenced
stimuli. Our specific prediction was that the number of
met alleles possessed (0—2) would be negatively correlated
with the recruitment of frontal cortical regions in response
to negative distractor stimuli, paralleling the relationship
with anxiety reported by Bishop, Duncan, Brett, and Law-
rence (2004). Since both lateral and orbital regions of the
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frontal cortex have been implicated in controlled process-
ing in different studies (see Casey, Tottenham, & Fossella,
2002, and Ochsner & Gross, 2005, for reviews), we inves-
tigated the influence of COMT genotype in both lateral
PFC and orbitofrontal regions of interest (ROIs).

METHOD

Participants

Thirteen participants (6 female and 7 male, all right-handed,
18-30 years of age) performed an adapted version of the matching
task used by Vuilleumier, Armony, Driver, and Dolan (2001) and by
Bishop, Duncan, Brett, and Lawrence (2004; Bishop, Duncan, & Law-
rence, 2004) while fMRI data were collected. The study was approved
by Princeton University’s Internal Review Panel and was performed in
compliance with its guidelines. Individuals with a history of inpatient
psychiatric care, neurological disease, or head injury were excluded,
as were individuals on medication for anxiety or depression. In addi-
tion, the Princeton standard exclusion criteria for fMRI studies (e.g.,
metal free, absence of pacemakers) were followed.

Task

Visual stimuli were projected onto a screen at the rear of the bore
of the magnet. The participants viewed these images via an angled
mirror attached to the RF head coil and placed above their eyes. On
each trial, the participants were shown a brief visual display com-
prising two pictures taken from the International Affective Picture
System (IAPS; Lang, Ohman, & Vaitl, 1988) and two pictures of
houses presented in vertical and horizontal pairs around a central
fixation cross (see Figure 1).

There were two imaging acquisition runs, each consisting of 16
blocks of three trials with a within-blocks mean interstimulus inter-

val of 5 sec. At the start of each block, a cue indicated whether the
participants should attend to the vertical or the horizontal pair of pic-
tures. The houses were always presented in the attended positions,
and the participants had to indicate via a keypress whether or not
they were identical. The IAPS pictures were task-irrelevant distrac-
tors.! Trials were split into negative distractor and neutral distractor
blocks. The negative distractor blocks comprised trials in which the
distractor pictures were negatively valenced. The neutral distractor
blocks comprised trials in which the distractor pictures were neutral
or mildly positively valenced. The mean valence and arousal ratings
of the pictures in the negative and neutral distractor blocks were 2.3
(SE = .11)and 5.3 (SE = .09), respectively, for valence and 6.1 (SE =
.11) and 3.2 (SE = .11), respectively, for arousal. Both ratings were
made on a nine-point scale, with scores from 1 to 9 representing in-
creasing positivity (valence scale) and arousal (arousal scale). This
matching task was closely based on the paradigm used by Bishop,
Duncan, Brett, and Lawrence (2004), focusing on those conditions
in which frontal activation was observed: short strings of all negative
distractor trials versus short strings of all neutral distractor trials.

Image Acquisition

BOLD contrast functional images were acquired with echoplanar
T2*-weighted EPI imaging using a 3T Siemens Allegra scanner.
Each image volume consisted of 31 interleaved 5-mm-thick axial
oblique slices, providing whole-brain coverage with an in-plane res-
olution of 3 X 3 mm (repetition time = 3,000 msec, echo time =
27 msec, flip angle = 90°). Data were acquired in two scanning runs
of approximately 5 min each. The first nine volumes of each run
were discarded to allow for T1 equilibration effects.

Image Analysis
Data were analyzed using SPM 99 software (Wellcome Depart-
ment of Imaging Neuroscience, London). Standard preprocessing

Figure 1. Example stimuli. On each trial, two pictures of houses and
two pictures from the International Affective Picture System (Lang et al.,
1988) were presented in vertical and horizontal pairs around a central
fixation cross. (Here, for copyright reasons, we have replaced the IAPS
pictures in the display with similar pictures from another source.) The
participants attended to the houses after being cued spatially as to their
locations for each block of trials and decided whether they were identi-
cal (p = .05) or not. The unattended pictures were identical and either

negative or neutral in valence.
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was conducted, which comprised slice timing correction, realign-
ment, and normalization of each participant’s EPI data to the Mon-
treal Neurological Institute’s MNI/ICBM template. Images were re-
sampled into this space with 2-mm isotropic voxels and smoothed
with a Gaussian kernel of 8 mm full width at half maximum. Trials
were modeled with step functions .25 sec in duration, convolved with
the canonical hemodynamic response function to form regressors.
Temporal derivatives of these regressors were also included, as were
realignment parameters for each session, in order to account for resid-
ual movement-related variance. A 120-sec high-pass filter was used
to remove low-frequency noise. A random effects analysis was used
to analyze data at a group level, and modulations by COMT val!3¥met
genotype were assessed by simple regression against val allele load
(02, where 0 = met met, | = met val, and 2 = val val).

Bilateral ROIs were created for dorsolateral PFC (DLPFC),
ventrolateral PFC (VLPFC), and orbitofrontal cortex (OFC). The
DLPFC and VLPFC ROIs were taken from Bishop, Duncan, Brett,
and Lawrence (2004) and comprised 8-mm-radius spheres with the
following central coordinates: DLPFC, *£34, 36, 24; VLPFC, %38,
20, 0. Following previous reviews (Duncan & Owen, 2000; Owen,
1997), the DLPFC region included parts of the middle frontal gyrus
and inferior frontal sulcus, whereas the VLPFC region included
parts of the frontal operculum and anterior insula. Given the prob-
lems with signal dropout and associated difficulties in normaliza-
tion in OFC, slightly larger (10-mm-radius) spheres were used for
the OFC ROIs.2 Here, the central coordinates (24, 34, —12) were
taken from activations reported by Wager et al. (2004) in response
to expectancy of negative stimuli (pain) under placebo conditions,
which were held to reflect regulation of affective processing.

In addition to these frontal ROIs, bilateral ROIs were created for
parahippocampal cortex and the amygdala. Pictures of houses have
been shown to produce a strong bilateral response in a region of
parahippocampal cortex now known as the parahippocampal place
area (PPA; Epstein & Kanwisher, 1998). In the present study, bi-
lateral PPA ROIs were created using 8-mm spheres centered on co-
ordinates (£28, —44, —14) obtained by averaging PPA activation
peaks reported for attending to houses versus attending to faces in
the studies from which the current matching paradigm was adapted
(Bishop, Duncan, & Lawrence, 2004; Vuilleumier et al., 2001). Fi-
nally, for the amygdala ROIs, we used bilateral anatomical ROIs
from the Montreal Neurological Institute (Tzourio-Mazoyer et al.,
2002). Voxel-wise comparisons were conducted and small-volume
corrections applied for activations within each ROI (Worsley et al.,
1996). In addition, an ROI-based correlational analysis was con-
ducted at the random effects level. The MarsBaR ROI toolbox (Brett,
Anton, Valabregue, & Poline, 2002) was used to extract and average
across the activation for all voxels within a given ROL This enabled
us to examine how activity in different ROIs covaried across par-
ticipants and whether this differed by trial type. All activations are
reported using MNI coordinates.

Genotyping

All the volunteers gave informed consent for a buccal swab to be
obtained using a buccal brush. DNA was isolated using the Master-
AMP Buccal Swab and DNA Extraction Kit (Epicentre Technologies,
Madison, WI). This provides yields of 0.5-3 ug of DNA from each
buccal sample. Taq polymerase, PCR buffer, and dNTPs were ob-
tained from QIAGEN and used at concentrations recommended for a
20-ul PCR reaction. A “touchdown” PCR cycling regimen and the ad-
dition of DMSO (10% final v:v) were used in order to optimize the hy-
bridization stringency. Forward 5-ACTGTGGCTACTCAGCTGTG-3
and reverse S-CCTTTTTCCAGGTCTGACAA-3 primers were used
following Daniels et al. (1996). PCR conditions were as follows: 94°C
for 3-min initial heating, followed by 12 cycles of 94°C for 30 sec,
58°C for 45 sec, and 72°C for 30 sec; and finally, 28 cycles of 94°C
for 30 sec, 50°C for 45 sec, and 72°C for 30 sec. This process was

followed by restriction digestion with Nlalll. Gel electrophoresis
in MetaPhor agarose followed by staining in ethidium bromide was
used to resolve and visualize DNA fragments.

RESULTS

Imaging Analyses

Bishop, Duncan, Brett, and Lawrence (2004) showed
an inverse correlation between participants’ self-reported
anxiety levels and frontal cortical activation to strings of
house-matching trials with negative versus neutral distrac-
tors. In the present study, we investigated whether there
would be a similar inverse correlation with met allele load
and, hence, a positive correlation with val allele load (i.e.,
individuals with two val alleles and no met alleles show-
ing greatest frontal activation; individuals with two met
alleles and no val alleles showing least frontal activation;
and heterozygotes, or individuals with one val allele and
one met allele, showing intermediate levels of activation).
The results of our simple regression analysis at the random
effects level showed that val allele load was positively as-
sociated with the magnitude of both the left VLPFC (x, y,
z = —32,18,2;Z = 3.28, p <.05 small volume corrected
[svc]) and the left OFC (x, y, z = —22,26,-16; Z = 4.16,
p < .01 svc) response to negative distractor versus neutral
distractor trials (Figures 2A and 2B). There was no sig-
nificant relationship between val allele load and activation
in any of the other frontal ROIs (p > .1, svc).

If the frontal cortical response to negative versus neu-
tral distractor trials reflects the recruitment of control
mechanisms to facilitate task-related processing, one
might expect activation in structures associated with the
processing of task-related stimuli (houses) to show simi-
lar modulation by COMT genotype. In line with this, val
allele load was positively associated with the magnitude
of the PPA response to negative versus neutral distractor
trials within both the left (x, y, z = —28, =36, —14; Z =
4.01,p < .01 svc) and right (x, y, z = 30, —40, —20; Z =
3.57, p < .02 sve) ROIs (see Figure 2C).3

We also examined whether or not the amygdala response
to negative versus neutral distractor trials was modulated
by COMT genotype. Here, no significant relationship be-
tween val allele load and left or right amygdala response
to negative versus neutral distractor trials was detected
(ps > .1sve).

An ROI-based correlational analysis (see the Method
section) revealed that, for negative distractor trials, left
OFC activity was significantly correlated with left amyg-
dala activity (r = .57, p < .05) but not with PPA activity
(ps > .1), whereas activity in both VLPFC ROIs was cor-
related with activity in both PPA ROIs (left VLPFC, left
PPA: r = .66, p < .02; left VLPFC, right PPA: r = .59, p <
.05; right VLPFC, left PPA: r = .65, p < .02; right VLPFC,
right PPA: » = .60, p < .05). The strongest correlation was
between left VLPFC activity and left OFC activity (» = .76,
p <.005). Left VLPFC and left OFC activity were also cor-
related during neutral distractor trials (» = .70, p < .01), as
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Figure 2. Correlation between COMT val!38 allele dosage (0—2) and activation to
negative versus neutral distractor trials for (A) left ventrolateral prefrontal cortex
(VLPFC), (B) left orbitofrontal cortex (OFC), and (C) bilateral parahippocampal
place area (PPA). Left panels show statistical maps (thresholded at 7 = 3.6, equivalent
to p <.1 corrected for 8-mm spherical regions of interest (ROIs) and p < .002 whole
brain uncorrected, with a minimum spatial extent of two voxels). Activations extend-
ing outside the ROIs are included where contiguous with the cluster within the ROI
up to a maximum radius of 12 mm from the ROI center. Right panels display neural
responses (mean percent signal change for negative versus neutral distractor trials)
against COMT genotype. Individual BOLD responses were extracted from the peak
voxel within each ROI shown to the left. Coordinates as given in the main text.

were activity between each of these regions and right PPA  Behavioral Results and Brain—Behavior

activity (r = .77, p < .005 and r = .71, p < .01, respec- Correlations

tively). There was no relationship between amygdala activ- Mean reaction times for negative and neutral distrac-
ity and OFC activity for these trials ( ps > .1). tor trials are given by COMT genotype in Table 1. In ad-
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Table 1
Behavioral Data: Reaction Times (RTs, in Milliseconds) and
Error Rates (%Error) for the House-Matching Task
by Distractor Valence and COMT Genotype

%Error
Negative Neutral Negative Neutral
Distractor Distractor Distractor Distractor
Trials Trials Trials Trials
COMT Genotype M SE M SE M SE M SE
Sample 1
All genotypes (n = 13)  818.0 383 8174 416 135 24 127 28
val val (n = 4) 8059 69.0 8141 70.7 113 53 113 8.1
val met (n = 4) 869.7 90.8 8674 952 150 46 135 3.7
met met (n = 5) 786.3  53.1 7799 649 142 35 132 34
Combined sample
All genotypes (n = 53)  806.6 203 810.8 20.5 9.5 09 9.7 1.0
val val (n = 16) 8163 30.6 8282 29.7 86 1.7 89 15
val met (n = 20) 816.0 33.5 809.3 319 99 1.5 109 1.5
met met (n = 17) 786.5 41.5 7962 45.1 9.8 1.6 92 1.7

Note—Data are presented both for the participants in the fMRI study reported here (Sam-
ple 1) and for a larger combined sample including genotyped volunteers who completed the
house-matching task without acquisition of fMRI data.

dition to the behavioral data for the study reported here
(Sample 1), we present the behavioral data for a larger
combined sample that included an additional 40 volun-
teers genotyped for the COMT val'3¥met polymorphism
who completed the house-matching task without fMRI
data being collected. For both samples, there was no sig-
nificant effect of distractor valence or of COMT geno-
type and no significant interaction of distractor valence
X COMT genotype ( ps > .1). This was true for both the
reaction time and the accuracy data. There was, however,
a trend for increased PPA activity for negative versus neu-
tral distractor house-matching trials to be associated with
reduced reaction times for negative versus neutral distrac-
tor trials (r = —.37, p = .1, one-tailed).# In other words,
increased activity in this “task-related processing” region
was marginally associated with reduced RT costs from
negative distractors. Neither of the other regions where
activity to negative versus neutral distractors was modu-
lated by COMT genotype (VLPFC and OFC) showed a
significant association between reaction times and activ-
ity to negative versus neutral distractors (ps > .1).

DISCUSSION

Here, we report an effect of COMT vall58met genotype
on activation in neural regions associated with controlled
processing (VLPFC and OFC) and the processing of task-
related stimuli (bilateral PPA) during performance of a
matching task requiring attentional regulation over nega-
tive stimuli. Specifically, during conditions requiring the
matching of pairs of houses in the presence of negative
versus neutral picture distractors, val allele load was posi-
tively associated with activation in left VLPFC, left OFC,
and bilateral PPA.

The main prediction we were testing was that met allele
load would show an inverse correlation with frontal corti-
cal recruitment in response to negative distractors. The

effect of COMT genotype on the left VLPFC and left OFC
response to house-matching trials with negative versus
neutral distractors confirmed this prediction. Bishop, Dun-
can, Brett, and Lawrence (2004) previously showed that,
in the presence of negative distractors, activity in the same
left VLPFC region was reduced in high-anxious individu-
als. In both cases, we would argue that the reduced frontal
activation observed may reflect a weakened recruitment
of control processes in response to distraction from task-
irrelevant negative stimuli. Activation in the left OFC re-
gion reported here was not modulated by anxiety in the
previous study (Bishop, Duncan, Brett, & Lawrence,
2004). However, this is possibly a consequence of the
fact that the Bruker scanner used in that study gave much
poorer coverage of orbital regions with large signal loss in
this part of the brain.

Reduced recruitment of controlled processing may im-
pact negatively on the extent to which attentional focus
is successfully maintained on task-relevant stimuli. Al-
though there were no differences in behavioral perfor-
mance associated with COMT genotype, met allele load
was also associated with reduced activation during nega-
tive distractor trials in the region of parahippocampal cor-
tex known to respond to houses. Given that the task at hand
required matching house stimuli and that attentional focus
has previously been shown to modulate the PPA response
to houses (Bishop, Duncan, & Lawrence, 2004; Vuil-
leumier et al., 2001), this is consistent with the proposal
that COMT met allele load is associated with weakened
attentional focus on task-relevant stimuli in the presence
of negative distractors. In keeping with this, there was a
trend toward an association between reduced PPA activa-
tion to negative (vs. neutral) distractor trials and increased
slowing of responses by negative distractors.

The findings reported here hence suggest that the
COMT met allele, through its influence on PFC catechol-
amine metabolism, may reduce the potential for top-down
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regulation of distraction from negative stimuli. This could
conceivably operate via a mechanism similar to that
underlying the parallel effects of self-reported anxiety
(Bishop, Duncan, Brett, & Lawrence, 2004). It is still too
early to make strong suggestions as to how this mecha-
nism may work. However, it is of note that studies of the
effects of COMT inhibition in rats indicate a greater effect
on PFC catecholamine levels in response to evoked cat-
echolamine release than on baseline PFC catecholamine
levels (Tunbridge, Bannerman, Sharp, & Harrison, 2004).
In line with this finding, studies of anxiety disorders have
suggested that dysregulation of catecholamine systems
in clinically anxious individuals is observed most clearly
in response to pharmacological challenge or presentation
of negatively valenced stimuli (Southwick et al., 1999).
Furthermore, the stress literature suggests that the detri-
mental effect of stressors on prefrontal function operates
via evoked changes in catecholamine release (Arnsten,
1998). Given that the COMT met!38 allele is associated
with decreased catecholamine metabolism, individuals
carrying one or two met alleles may show slower baseline
recovery in response to catecholamine release triggered
by presentation of negative stimuli. Arguably, this might
be particularly problematic when these stimuli are not task
relevant and when subcortical mechanisms that enable
bottom-up, salience-driven stimulus—response processes
must be overridden by frontal regulatory mechanisms in
order for task focus to be maintained.

The potential importance of the task relevance of nega-
tive stimuli is suggested both by previous findings within
the attention—emotion literature (see Pessoa, 2005, for a re-
view) and by recent findings by Smolka et al. (2005), who
reported a positive association between met allele load and
activation in both the limbic system and the VLPFC during
passive viewing of negative versus neutral IAPS pictures.
This pattern of results is in the opposite direction to that
reported here and suggests that the present findings are not
driven purely by genotype differences in the response to the
presence of negative stimuli in the visual field per se, but
that the task being performed is crucial. Indeed, Smolka
et al. speculate that the ability of COMT met!58 allele carri-
ers to recruit prefrontal regulatory regions may be prone to
failure under demanding conditions.

As for the possibilities for future work, functional con-
nectivity analyses may throw light on the extent to which
activity in the regions more robustly recruited by val al-
lele carriers in response to negative distractors is yoked
across time and across different conditions of interest. In
the present study, a basic correlational analysis (averaging
across the time series for each event type) indicated a sub-
stantial extent of covariation between regions associated
with controlled processing (VLPFC and OFC) and those
associated with task-related processing (PPA), as well as
a relationship between OFC and amygdala activity during
trials with negative distractors potentially reflecting in-
hibitory connections (Kim et al., 2004; Logothetis, 2003).
More advanced functional connectivity analyses have

been used successfully in two recent studies of SHTT-LPR
genotype effects on prefrontal and limbic activation in af-
fective processing paradigms (Heinz et al., 2005; Pezawas
et al., 2005). It is of note that the findings of these studies
suggest that the connections between prefrontal and cin-
gulate regulatory regions and limbic regions may vary as
a function of task and may be differentially modulated by
the same genetic marker (in this case, the SHTT-LPR poly-
morphism). These results also highlight the importance of
considering other common genetic polymorphisms that
may have interactive effects with the one under focus. The
present study was not of an appropriate scale to investigate
COMT val!>®met X SHTT-LPR interactions, but clearly
this is an important next step.

As was mentioned earlier, failures to replicate the find-
ing of association studies (linking variants of single ge-
netic polymorphisms to specific psychiatric diagnoses)
has led to an emphasis on polygenic models of common
psychiatric disorders. For example, whereas some studies
have reported a link between the COMT met allele and
increased predisposition to clinical anxiety and height-
ened subclinical anxiety levels, others have failed to do so
(Azzam & Mathews, 2003; Ohara, Nagai, Suzuki, Ochiai,
& Ohara, 1998). This is likely to reflect the complexity
of the mechanisms and associated genetic influences in-
volved. We have argued elsewhere that attentional capture
by negative or threat-related stimuli may be influenced by
an interplay between frontal regulatory mechanisms and
subcortical mechanisms that act to prioritize the process-
ing of emotionally salient visual stimuli (Bishop, Duncan,
Brett, & Lawrence, 2004; Bishop, Duncan, & Lawrence,
2004). As was noted earlier, Hariri et al. (2005; Hariri
et al., 2002) have shown that genetic variability in sero-
tonergic mechanisms (e.g., as a result of the SHTT-LPR
polymorphism) may modulate the amygdala response to
threat-related stimuli. The strength of this response may
well interact with the extent to which PFC control mecha-
nisms promote task-related processing in determining the
extent to which an individual is able to avoid unwanted
distraction from negative stimuli. Hence, both the SHTT-
LPR polymorphism and the COMT val!>®met polymor-
phism might influence an individual’s ability to regulate
the processing of negative distractors, though potentially
through distinct neural mechanisms. Furthermore, it is
extremely unlikely that these two polymorphisms will be
alone in modulating the function of these mechanisms.

We are still at an early stage in establishing the effect
of common genetic polymorphisms on neural and cogni-
tive function. Further studies will need to examine gene X
gene interactions in the context of neurocognitive models
of cognition, emotion, and their interactions. With regard
to attentional control over emotional stimuli, this means
mapping out genetic effects on both cortical regulatory
processes and the processes that determine individual dif-
ferences in responsiveness to emotional stimuli. Although
this is a daunting task, the study reported here is a first
step toward analyzing the complex genetic influences that
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underlie both normal variation in affective processing and
susceptibility to affective disorders.
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NOTES

1. IAPS pictures replaced the fearful and neutral faces used as nega-
tive and neutral distractors in the previous study.

2. Reanalysis with 8-mm-radius spheres did not alter the detection of
the OFC activations reported below.

3. Use of an ANOVA with a 1/0/—1 (val val/val met/met met) con-
trast in place of the simple regression described here produced results
equivalent to those reported. The authors thank an anonymous reviewer
for this suggestion.

4. PPA activation was extracted from the voxel showing the peak re-
sponse for the interaction of COMT genotype by distractor valence, as
reported above.
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