




class, conflict error, 0.040; SE, 0.005; t (168) � �0.033, P �
0.973].

In Fig. 1b, subjects were grouped according to whether they
were homozygous for the insertion of a guanosine residue at
position �1217 (insertion class, n � 112) of the DRD4 gene or
whether they were heterozygous for the ‘‘G’’ insertion�deletion
polymorphism at this site (deletion class, n � 71). Between these
two groups, the difference on ratio score of conflict effect was
significant [insertion class: conflict RT ratio, 0.165, SE, 0.006;
deletion class, conflict RT ratio, 0.185, SE, 0.009; t (181) � 1.97,
P � 0.051, two-tailed]. The differences in conflict effect of error
rate (see Fig. 1d) were not significant [insertion class: conflict
error rate, 0.048, SE, 0.008; deletion class: conflict error rate,
0.040, SE, 0.006; t (181) � 0.713, P � 0.433]. For all above
statistics, analyses of covariance with age and gender as the
covariates did not show significant changes.

Fig. 2 c–f shows the behavioral results of the fMRI study.
Although the subjects were grouped in the same fashion and
showed trends (differences between genotypic groups) similar to
the larger sample, no trend was significant in the sample of fMRI
study.

fMRI Results. Fig. 2 a and b shows the significant differences of
conflict effect in ACC between genotypic groups for the MAOA
and DRD4 polymorphisms, respectively. Tables 1 and 2 show
other areas in the brain where greater conflict effect was found.
In the case of MAOA, the four-repeat genotypic group (n � 8)
showed greater conflict effect than the three-repeat group (n �
8) in the ACC. Further analysis of the conflict effect showed that

the significant interaction between allele (two groups) and task
conditions (congruent and incongruent) occurred because the
four-repeat class showed greater conflict effect (greater activity
for the incongruent than for the congruent condition), whereas
the three-repeat class showed no significant conflict effect. The
difference between the two groups was not significant for the
congruent condition. The difference between the two groups
was significant for the incongruent condition.

In the case of DRD4, the insertion class (n � 6) showed greater
conflict effect than deletion class (n � 10) in the ACC. The
difference between two groups in ACC arose because the
insertion class showed significantly greater conflict effect,
whereas the deletion class did not. ACC activation of the
insertion class was less than that of the deletion class for the
congruent condition. However, there was no significant ACC
activation difference between the two groups for the incongru-
ent condition.

A cluster of ACC activation was extracted. Analysis of covari-
ance with ACC activation as the dependent variable and gender,
age, conflict effect calculated using the ratio scores, and conflict







the performance of normal people on a learning task. The
authors suggest that it may be possible to apply this method to
other cognitive networks, and that relatively fewer subjects
may be needed to detect differences in fMRI than would be
required to see these effects in behavior. Our results support
both of these ideas. The attention networks involve brain areas
quite distinct from the hippocampal area. In these networks,
we also find that specific polymorphisms inf luence local
activation within the network. In our case as well, much larger
samples would have been required to obtain statistical signif-
icance than was true for the fMRI result. These results support

the use of candidate genes as an approach to understanding the
individual development of cognitive networks.
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