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Dopamine D4 receptor (DRD4), serotonin transporter
promoter regulatory region (5-HTTLPR) and catechol O-
methyltransferase (COMT) polymorphisms were exam-
ined for association with TPQ personality factors in 455
subjects. Significant interactions were observed by
multivariate analysis, (COMT x 5-HTTLPR: Hotelling's
Trace = 2.3, P = 0.02) and by subsequent univariate 3-
way ANOVA when Novelty Seeking (NS) was the depen-
dent variable: 5-HTTLPR x D4DR (F =6.18, P =0.03) and
COMT x 5-HTTLPR (F = 4.42, P = 0.03). In the absence
of the short 5-HTTLPR allele and in the presence of the
high enzyme activity COMT val/val genotype, NS scores
are higher in the presence of the DRD4 seven-repeat
allele. The effect of these three polymorphisms on NS
was also examined using a within-families design. Sib-
lings who shared identical genotype groups for all three
polymorphisms (COMT, DRD4 and 5-HTTLPR) had sig-
nificantly correlated NS scores (intraclass coefficient =
0.39, F=2.26, P = 0.008, n = 49) whereas sibs with dis-
similar genotypes in at least one polymorphism showed

no significant correlation for NS scores (intraclass coef-
ficient =0.177, F=1.43, P=0.09, n = 110). Similar interac-
tions were also observed between these three polymor-
phisms and Novelty Seeking when the 150
independently recruited and non-related subjects were
analyzed. The current results are consistent with two
earlier reports in which we demonstrated an interaction
between the 5-HTTLPR and DRD4 polymorphisms in 2-
week-old neonates, in the same children assessed again

at 2 months of age and in adults.  Molecular Psychiatry
(2000) 5, 96-100.

Twin studies demonstrate that personality traits meas-
ured by several self-report questionnaires including the
TPQ' and NEO-PI-R? are partially inherited and
between 30-60% of the observed variance can be
accounted for by genes. Only recently, however, have
common genetic polymorphisms especially DRD4 and
5-HTTLPR, been provisionally assigned to particular
temperament factors.” It seems reasonable that as
additional genetic information is inventoried for vari-

ous cohorts, associations between DRD4, 5-HTTLPR
and other candidate genes and complex phenotypes
will be further clarified. We,*® and others,* ' have
begun to examine multiple interactions between com-
mon genetic polymorphisms and complex behavioral
traits. The catechol O-methyltransferase (COMT) gene
contains a common, functional polymorphism in
which a val-to-met amino acid substitution markedly
reduces enzyme activity to about 20% of wild-type
(val) levels.’ Recent studies have suggested a role for
COMT in behaviors often associated with impulsivity
and disinhibition,*®** although to our knowledge, this
gene has yet to be examined for a role in normal
human personality.

In the current study we initially examined using
multivariate  ANOVA four TPQ personality factor
scores for 455 subjects grouped by three polymor-
phisms: DRD4, COMT and 5-HTTLPR. A significant
multivariate interaction of COMT x 5-HTTLPR
(Hotelling’s Trace = 2.3, P = 0.02) was observed. Sig-
nificant interactions were also observed in subsequent
analysis when NS was the dependent variable and the
three polymorphisms were the independent variables
(univariate 3-way ANOVA): 5-HTTLPR x D4DR (F =
6.18, P =0.03), COMT x 5-HTTLPR (F = 4.42, P = 0.03).
P values are adjusted by the Bonferroni correction for
multiple testing as explained in the Methods section.
Descriptive statistics for NS and HA grouped by these
three polymorphisms are presented in Table 1. Neither
main effects nor interactions between these three poly-
morphisms and HA and Reward dependence were
observed (data not shown). See below for further analy-
sis of HA. A significant interaction between the COMT
and 5-HTTLPR polymorphisms and TPQ Persistence
(RD2) was observed and these results are reported else-
where.*®

To illustrate these interactions, SPSS marginal mean
NS scores (adjusted for age and sex effects) are plotted
in Figure 1. In the absence of the short 5-HTTLPR allele
and in the presence of COMT homozygosity for the
high enzyme val/val genotype, NS scores are higher in
the presence of the DRD4 seven-repeat allele (Figure
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Table 1 Descriptive statistics. The 5-HTTLPR long = L/L genotype and the 5-HTTLPR short = L/S and S/S genotypes. DRD4
(=7) are subjects without the 7-repeat allele and DRD4 (+7) with the 7-repeat allele

CcoOMT 5-HTTLPR DRD4 Mean SD n
HA val/val long -7 13.59 6.11 22
7 12.10 6.17 10
short -7 13.19 5.80 68
7 13.43 6.75 37
val/met long =7 12.36 6.06 36
7 12.19 6.22 26
short =7 12.89 5.92 101
7 13.99 6.13 67
met/met long -7 11.90 6.79 10
7 12.50 3.70 4
short =7 14.22 6.10 50
7 10.87 5.42 23
NS val/val long -7 16.91 4.22 22
7 20.71 6.34 10
short -7 16.21 4.35 68
7 15.43 4.76 37
val/met long -7 15.86 4.34 36
7 14.92 4.02 26
short =7 16.14 4.88 101
7 15.90 5.36 67
met/met long -7 15.20 4.73 10
7 18.25 4.11 4
short -7 16.08 4.74 50
7 14.48 4.55 23

1). If subjects are selected for the COMT val/val geno-
type (n = 136), and NS scores grouped by two inde-
pendent variables (DRD4 and 5-HTTLPR), then a sig-
nificant interaction by 2-way ANOVA is observed
between DRD4 x 5-HTTLPR (F = 5.33, P = 04). A sig-
nificant main effect of the 5-HTTLPR polymorphism on
NS (F=6.69, P=0.02, n = 137) is also observed. Simi-
larly, if subjects are selected for both COMT (val/val)
and 5-HTTLPR (long/long) genotypes, then subjects
with the DRD4 seven-repeat allele show marginally sig-
nificant higher NS scores than subjects without the
DRD4 seven-allele (independent samples t = 2.02, P =
0.05, df = 30).

If subjects are selected for the met/met COMT geno-
type (n = 87), no significant main effects or interactions
are observed when NS is the dependent variable. More-
over, when subjects are selected for both polymor-
phisms (COMT = met/met and 5-HTTLPR = L/L), no
significant effect of the DRD4 seven-repeat allele on NS
scores is observed (t = 1.13, P>0.1, df = 12). Finally,
in the presence of the heterozygous COMT val/met
genotype no significant main effects or interactions are
observed between the 5-HTTLPR and the DRD4 seven-
repeat on NS.

We have examined a large number of subjects using
the TPQ questionnaire (not all have been genotyped)
and have observed a small but highly significant nega-
tive correlation between the TPQ personality factors
NS and HA (r = -0.123, P = 0.0001, n = 1492, con-
trolling for age and sex). This negative correlation

between HA and NS prompted us to examine more
closely the relationship between the two polymor-
phisms that purportedly contribute to these personality
factors. We therefore analyzed HA and 5-HTTPLR sep-
arately for each COMT group. In the presence of the
met/met COMT genotype and presence of the short 5-
HTTLPR alleles (see shaded cells in Table 1), subjects
without the DRD4 seven-allele had elevated Harm
Avoidance scores compared with subjects with the
DRD4 seven-allele (t = 2.49, P = 0.02, n = 73). No effect
of the DRD4 seven-repeat allele is observed when sub-
jects are selected for the val/val COMT genotype (t =
0.18, P = 0.8, n = 105).

When the 150 non-related subjects were analyzed by
univariate 3-way ANOVA (NS scores grouped by 5-
HTTLPR, DRD4 and COMT), essentially similar results
were obtained as for the extended data set. (Main
effects: DRD4 F = 4.7, P = 0.09; COMT F = 4.92, P =
0.027. Interactions: 5-HTTLPR x DRD4 F = 3.37, P =
0.021; 5-HTTLPR x COMT F = 8.26, P = 0.001 and
DRD4 x COMT x 5-HTTLPR F = 4.46, P = 0.09.)

About 70% of these subjects were independently
recruited siblings, allowing us to examine the effect of
these three polymorphisms on NS using a within-fam-
ilies strategy. Firstly, intraclass correlation coefficients
(for NS scores) were calculated for siblings who shared
identical genotype groupings for each of the three poly-
morphisms (COMT val/val, val/met or met/met; 5-
HTTLPR short or long genotypes; and DRD4 short or
long alleles). A significant intraclass correlation was
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Figure1 TPQ NS scores grouped by three polymorphisms:
COMT, DRD4 and 5-HTTLPR. (a) COMT = VAL/VAL HIGH;
(b) COMT = VAL/MET; (c) COMT = MET/MET.

observed for NS scores within sib pairs (coefficient =
0.39, F=2.26, P = 0.008, n = 49). Contrariwise, siblings
who shared at least one dissimilar of the three exam-
ined genotypes showed no significant correlation for
NS scores (coefficient = 0.177, F = 1.43, P = 0.09, n
=110).

When sibling groups sharing either of the two homo-
zygous (val/val vs met/met) COMT genotypes
(identical for 5-HTTLPR and DRD4) were examined,
sib pairs with the val/val genotype had significantly
correlated NS scores (coefficient = 0.67, F = 5.11, P =
0.009, n = 13). However, no significant difference in
mean NS scores by paired t-test (t = 0.07, P > 0.1) was
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observed. Conversely, siblings with the COMT met/met
genotype (identical for 5-HTTLPR and DRD4) showed
no correlation in NS scores (coefficient = 0.16, F = 1.36,
P =0.9, n =10) but displayed a marginally significant
difference in mean NS scores by paired t-test
(15.00 £ 1.49 SD vs 18.70+4.62 SD and t = 2.55, P =
0.09). Similar results regarding the permissive role of
the val/val COMT genotype were also observed by a
between families analysis, as discussed above.

The current results are consistent with an earlier
study® in which we demonstrated an interaction
between the 5-HTTLPR and DRD4 seven-repeat on Bra-
zelton Orientation scores (perhaps a putative ante-
cedent temperament of adult NS) in 2-week-old neo-
nates. At 2 months of age, these children were again
assessed” using the Infant Behavioral Questionnaire'”
and a significant interaction between the DRD4 seven-
repeat x 5-HTTLPR promoter region polymorphisms on
Negative Emotionality and Distress to Limitations was
observed. In those infants lacking the DRD4 seven-
repeat, the effect of 5-HTTLPR S/S genotype was to sig-
nificantly raise scores for Negative Emotionality and
Distress to Limitations. These infants also reacted more
negatively when presented with sudden or novel stim-
uli. In both infants and adults short alleles of 5-
HTTLPR and long alleles of DRD4 oppose each other’s
effects; ie approach behaviors (Orientation to environ-
mental stimuli in infants and NS in adults) are pro-
moted by long DRD4 alleles, whereas short alleles of
5-HTTLPR increase avoidance behaviors. These results
are psychologically intuitive since common sense dic-
tates that individuals characterized by a drive for new
experiences and sensations are less likely to be also
characterized by high HA (= fearful, shy, fatigable
people).

Although we fail to observe a direct association
between 5-HTTPLR and TPQ HA in the total cohort of
455 (F=1.69, P=0.19, n = 455), in a previous cohort,*®
and in a combined analysis (n = 836, t = 0.58, P>0.1;
mean HA score for 5-HTTLPR L/L = 13.34 £0.41 L/S
and S/S = 13.08 £ 0.22), the current results (in those
subjects with the met/met genotype), and our previous
studies in neonates,”® nevertheless provide indirect
evidence for an association between 5-HTTLPR and
HA. We also note that in a subset of 148 subjects
recruited from the Beersheva region (by JB and YO) a
significant association between HA and 5-HTTLPR is
observed in the absence of any additional genetic infor-
mation.’” In our expanded set of subjects two
additional genes, the DRD4 and COMT, modify the
contribution of the serotonin promoter region polymor-
phism to HA.

In light of this modulation of D4DR on NS by at least
two other functional polymorphisms, COMT and 5-
HTTLPR, we suggest that failure to replicate associ-
ations between personality factors and some genes may
be partially due to the presence of additional mod-
ifying common polymorphisms. Replication is
especially difficult across ethnic categories when allele
frequencies often differ. It should be considered that
in a population with an increased frequency of COMT



val/val genotype and the 5-HTTLPR short allele the
lack of effect of DRD4 on NS might be reported as a
‘false negative.’

To summarize, we have found that NS and ante-
cedent behaviors are most strongly expressed in sub-
jects lacking the 5-HTTLPR short allele and possessing
long DRD4 alleles. An additional gene, COMT, which
metabolizes catecholamines but not serotonin, plays a
further role in our sample in modulating the effect of
both the 5-HTTLPR and DRD4 genes on personality.
Most intriguingly the interaction between 5-HTTLPR
and DRD4 is observable from early infancy”® to adult-
hood, spanning the entire developmental period of
human temperament. Moreover, these findings are con-
sistent with some animal and human studies suggest-
ing that dopamine and serotonin dually mediate NS
and impulsive behaviors.?%!

Methods

Subject groups

There were 182 males and 273 females; average age
was 26.95*10.4 years SD. Subjects were recruited
from many sources (high schools, villages, kibbutz
members, university students and staff) and paid for
their participation in the study. No psychiatric screen-
ing was carried out but some of the sib pairs were asked
about a history of mental illness and substance abuse
(data will be presented elsewhere). About 70% of the
subjects were related sib pairs. The Ben-Gurion Univer-
sity Helsinki Human Subjects Committee approved
the study.

Genotyping
DNA was extracted and genotypes determined as pre-
viously described: DRD4,* 5-HTTLPR'® and COMT.**

Statistical analysis

The effect of all three independent variables (DRD4, 5-
HTTLPR and COMT) on the dependent variables: TPQ
personality factors including Harm Avoidance (HA),
NS, Reward dependence (RD134) and Persistence
(RD2) were analyzed by multivariate and subsequent
univariate ANOVA (SPSS for Windows) in the com-
plete data set. Sex and age were entered as covariates.
We had a prior hypothesis regarding the interaction
between DRD4 x 5-HTTLPR and NS based on previous
studies from our group”? and as we discussed in the
Introduction, the COMT polymorphism has also been
associated with impulsive behaviors.’®*® We therefore
used a ‘rule of thumb’ Bonferroni correction for mul-
tiple testing in the univariate 2- and 3-way ANOVA
analyses and multiplied P values (significance levels)
by the number of polymorphisms examined when NS
was the dependent variable. Validation of initial find-
ings in independently recruited cohorts may be more
convincing than debate about nominal vs corrected sig-
nificance levels. No correction was made for t-test lev-
els of significance since only one independent variable
was examined. Note that the SPSS program does not
calculate post-hoc significance levels for main effects
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when the independent variable has less than three lev-
els eg DRD4 (long vs short) or 5-HTTLPR (long vs
short), for interactions between independent variables
or for main effects when covariates are entered in the
model.

The sib pairs were tested by paired t-test for mean
differences. Intraclass correlation coefficients (SPSS)
were calculated for concordant and discordant sib-
ling’s Novelty Seeking scores and corrected for mul-
tiple testing.

The D4DR exon III repeat polymorphism genotypes
were grouped first by either the presence or absence of
the seven-repeat allele, and in separate second analy-
sis, by the short (2—5 repeats) vs the long (6—8 repeats)
classification scheme.?* Almost no differences were
observed between results using the two methods. Prin-
cipal analyses of the effect of the serotonin promoter
region polymorphism were performed after grouping
the genotypes according to S/S and S/L vs L/L, ie
assuming a dominant effect of the short allele as orig-
inally demonstrated by Lesch and his collaborators.®
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