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family studies have also shown that some unaffected first
degree relatives of schizophrenic patients show impaired
performance in assays of auditory attention and working
memory [9]. This suggests that deficits in attentional per-
formance may contribute to the genetic susceptibility or
liability [10] of complex psychiatric disorders.

Consistent with this notion, attentional performance in
normal subjects appears to be influenced by genetic factors.
Studies using the Continuous Performance Task (CPT)
have shown that the d' signal detection component (a
measure of how readily a signal can be detected above
background noise) of CPT performance has a heritability
among normal subjects of 0.49 [11]. The Span of Appre-
hension task (SPAN), a visual search task, has been shown
to have an heritability among normal subjects of 0.65 [12]
and the P/N ratio of the Spontaneous Selective Attention
Task (SSAT) was shown to have an heritability among nor-
mal subjects of 0.41 [13]. Twin studies using normal con-
trol twins show that spatial working memory, divided
attention, choice reaction time and selective attention
[14] and attentional set-shifting [15] are underlain by in-
herited factors. Studies on infants suggest that effortful
control and duration of orienting are heritable as well
[16]. Lastly, molecular gene association studies on normal
populations have shown that orienting of visual attention
is associated with variation in the APOE gene [17] and
that maternal ratings of attention in children are associat-
ed with the DRD4 gene [18]. The use of these endopheno-
typic measures are potentially advantageous for genetics
studies since they may show increased sensitivity to specif-
ic dimensions related to complex psychiatric disorders.

Attention Network Task (ANT) as a suitable endopheno-
type for genetic studies
While each of the attentional measures described above is
well suited for genetic studies, we have chosen an alter-
nate assay for genetic studies of attention. Our approach
is based functional neuroimaging studies which have
yielded evidence on neural areas involved in aspects of at-
tention [19,20]. Imaging data have supported the pres-
ence of three networks related to different aspect of
attention. These networks carry out the functions of alert-
ing, orienting and executive control [21,22]. Alerting is
defined as achieving and maintaining a state of high sen-
sitivity to incoming stimuli; orienting is the selection of
information from sensory input; and executive control is
defined as involving the mechanisms for resolving con-
flict among thoughts, feelings and responses. Functional
imaging studies have shown that maintaining an alert
state involves activation of right frontal and parietal lobes
while orienting to visual stimuli activates areas of the pul-
vinar, superior colliculus and posterior parietal lobe. Exec-
utive function tasks activate frontal areas such as the
anterior cingulate cortex and lateral prefrontal cortex, an

area for which certain anatomical aspects have been
shown to be highly heritable [23]. Recently, we described
the Attention Network Test (ANT) that measures the effi-
ciency of these three major neural networks [24]. The ANT
is advantageous for genetic studies, insofar as it distin-
guishes between separate functions of attention (alerting,
orienting and executive) that are correlated with the acti-
vation of these specific neuroanatomical circuits. The her-
itability of the ANT has been examined in a preliminary
twin study using normal adult twins [25]. The efficiency of
the executive network was found to be highly heritable
(hF

2 = 0.89) while lower heritabilities were observed for
alerting and median reaction time (hF

2 = 0.18 and 0.16 re-
spectively). The heritabilities of these measures suggest
that candidate gene association studies are reasonable to
pursue. It remains an open question however, whether
such candidate genes will relate to overall attentional per-
formance and reaction time, or whether the candidate
genes will show specific associations with specific neural
networks.

As an initial assessment of this approach, we chose four
candidate genes (DRD4, DAT1, COMT and MAOA) that
are among the most widely studied and repeatedly associ-
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< 0.1). Prior reports of sex differences in COMT expression
in humans [77] as well as effects of gender on behavior in
COMT loss-of-function mouse models [78] and reports of
preferential transmission of the low activity Methionine
alleles in females with OCD [79] suggested that gender
could interact with ANT performance. When males and fe-
males were analyzed as independent populations, no sig-
nificant associations were seen for overall reaction time or
any of the network scores for either males or females. Fe-
males homozygous for the low activity Methionine allele
did however, show the highest executive attention scores
among all (Sex � Genotypic) classes.

DAT1
The 10-repeat allele was present at a frequency of 0.75 and
the 9-repeat allele at 0.23. As shown in Figure 2B, subjects
homozygous for the rare 9-repeat allele showed modestly
lower score than the pooled scores for the more common
10-repeat homozygotes and 9/10 heterozygotes. No
trends were seen for accuracy, mean RT and/or the effi-
ciency of alerting.

MAOA
Genotypes obtained at the promoter repeat (LPR) poly-
morphism showed frequencies of 0.42 (3-repeat) and
0.53 (4-repeat) and genoptypes at the C1460T polymor-
phism showed frequencies of 0.55 (C allele) and 0.45 (T
allele). Since MAOA is located on the X-chromosome,
males are genetically hemizygous and females are func-
tionally hemizygous due to random X-inactivation. For
this reason, heterozygous females were excluded from the
analysis. This permitted a comparison of hemizygous
male and homozygous female 3-repeat vs. 4-repeat classes

only. No significant main effect or trend was observed for
either MAOA polymorphism and overall reaction time. As
shown in Figure 3A, the MAO-LPR showed a significant
influence on alerting (P < 0.01) and on executive atten-
tion (P < 0.05) as seen in Figure 3B. The C1460T polymor-
phism showed no significant association with alerting,
but shows a modest association with executive attention
(P < 0.05). When the executive attention scores for sub-
Page 5 of 11
(page number not for citation purposes)





BMC Neuroscience 2002, 3 http://www.biomedcentral.com/1471-2202/3/14
Page 7 of 11
(page number not for citation purposes)



BMC Neuroscience 2002, 3 http://www.biomedcentral.com/1471-2202/3/14
Conclusions
Modest statistical associations of variation in executive at-
tention were observed with genetic polymorphisms in
candidate genes that affect dopaminergic signalling. These
associations were not seen for global measures of per-
formance such as reaction time, but rather for the efficien-
cy of specific, anatomically characterised neural networks.
This suggests that the ANT is a suitable endophenotypic
assay for further large scale studies on the genetics of exec-
utive attention.

Methods
Subjects
Subjects were recruited in the vicinity of New York Hospi-
tal via newspaper advertisement. 25 subjects who were re-
cruited from the vicinity of Peking University and
participated in a previous heritability study were also in-
cluded. Paid volunteers traveled to the Department of Psy-
chiatry to undergo a pre-test interview. Subjects with a
history of psychopathology and/or taking medication
were excluded. A total of 220 adult subjects, ages 18–50
years old met inclusion criteria. All participants reported
normal or corrected to normal vision. While smoking
preference was recorded, only 2 subjects reported smok-
ing regularly.

Behavioral data
The ANT was performed as previously described [1]. Brief-
ly, participants viewed the stimuli and responses were col-
lected via two mouse buttons. Stimuli consisted of a row
of 5 visually presented horizontal black lines, with arrow-
heads pointing leftward or rightward, against a gray back-
ground where the target was a leftward or rightward
arrowhead at the center. This target was flanked on either
side by two arrows in the same direction (congruent con-
dition), or in the opposite direction (incongruent condi-
tion), or by lines (neutral condition).

The participants' task was to identify the direction of the
centrally presented arrow by pressing one button for the
left direction and a second button for the right direction.
Cues consisted of a 100 msec asterisk presented 400 msec
before the target. There were four cue conditions: (1) no-
cue, participants were shown a cross which was the same
as the first fixation for 100 ms; (2) central-cue, which was
at the central fixation point; (3) double-cue, in which cues
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start-codon as described in [89], we used Forward: 5'-GTT-
GTCTGTCTTTTCTCATTGTTTCCATTG-3' Reverse 5'-
GAAGGAGCAGGCACCGTGAGC-3' primers. For geno-
typing of the DRD4 C to T change at position -521 as de-
scribed in [34]. Forward: 5'-
CGGGGGCTGAGCACCAGAGGCTGCT-3' and Reverse 5'-
GCATCGACGCCAGCGCCATCCTACC-3' were used fol-
lowed by digestion with FspI. For genotyping of the DAT1
40 bp-repeat (VNTR) polymorphism in the 3 untranslated
region as described in [90], Forward: 5'-TGTGGTGTAG-
GGAACGGCCTGAG-3' Reverse 5'-CTTCCTGGAGGT-
CACGGCTCAAGG-3' primers were used. For genotyping
of the COMT Val to Met change at position 108 as de-
scribed in [91], Forward: 5'-ACTGTGGCTACTCAGCT-
GTG-3' and Reverse 5'-CCTTTTTCCAGGTCTGACAA-3'
primers were used followed by restriction digestion with
NlaIII. For genotyping of the MAOA 30-bp repeat in pro-
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