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Abstract

Genetic factors significantly contribute to the determination of human personality traits assessed by self-report questionnaires.
However, only in the past few years have common genetic polymorphisms especially the dopamine D4 receptor and the serotonin
transporter promoter region been associated with specific personality traits such as novelty seeking and harm avoidance, respectively. The
effects of these genes are modest and several genes are likely accounting for individual differences in personality dimensions that can be
attributed to genetic factors. Molecular genetic studies of adult personality have also been extended to investigations of early human
temperament and some of the genes associated with adult personality traits are also contributing to the earliest developmental expressions
of human behavior. Additionally, some of these same genes have also been implicated in various types of abnormal behavior including
addiction, obsessive–compulsive disorder, attention deficit, depression, aggression and psychosis. Future research directions will no doubt
take advantage of the bioinformatics revolution coinciding with the completion of the first phase of the human genome project. It should
soon be possible to identify many of the genes contributing to specific personality traits and to better define their role in determining
normal and abnormal behavior from early development through adulthood. q 2000 Elsevier Science B.V. All rights reserved.
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1. Definition and measurement of personality

Personality is the characteristic manner or style of an
individual’s behavior as opposed to the goals towards

Ž .which it is directed motivation , or the machinery of its
Ž .execution cognitive and motor skills . Personality refers to

the vigor, temper or persistence of behavior or to the
emotional expression that accompanies it, such as fearful-

Žness, exuberance, aggressiveness, or self-restraint Loehlin,
.1992 . Many other definitions of personality exist but most

genetic studies are based on this definition. The vast
majority of genetic research on personality involves self-
report questionnaires administered to adolescents and
adults. People’s responses to such questions are remark-

Žably stable, even over several decades Costa and McCrae,
.1997 .
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A number of self-report questionnaires are in use and
they appear to measure similar facets of personality. Self-
report personality inventories include the Revised NEO

Ž . ŽPersonality Inventory NEO-PI-R McCrae and Costa,
. Ž .1997 , Eysenck’s Personality Inventory Eysenck, 1952 ,

Ž .Zuckerman’s Sensation Seeking Scale Zuckerman, 1994 ,
Ž .Cattell’s 16 PF Cattell, 1946 and Cloninger’s Tridimen-

Ž . Ž .sional Personality Questionnaire TPQ Cloninger, 1987
Ž . Žand Temperament Character Index TCI Cloninger et al.,

.1993 . Formulas can be used to convert NEO-PI-R scores
into TPQ Harm Avoidance and Novelty Seeking, illustrat-

Žing the inter-relatedness of these questionnaires Benjamin
.et al., 1996 . To summarize, all the major self-report

questionnaires appear to reliably measure many of the
same personality factors especially the higher categories of

ŽNovelty Seeking extraversion, conscientiousness, sensa-
. Žtion seeking, psychoticism and Harm Avoidance neuro-
.ticism, anxiety-related traits .

One questionnaire that we have found particularly use-
ful and has proven heuristic value in our studies is

Ž .Cloninger’s TPQ Cloninger, 1987 . The TPQ is a 100
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question instrument that requires a yesrno answer. Most
subjects complete the form in about a half-hour. Questions
relating to Novelty Seeking include the following:

v I often try new things just for fun or thrills, even if most
Ž .people think it is a waste of time Yes

v I often do things based on how I feel at the moment
without thinking about how they were done in the past
Ž .Yes

v Ž .I am much more controlled than most people No

Questions relating to Harm Avoidance include the fol-
lowing:

v I usually am confident that everything will go well, even
Ž .in situations that worry most people No

v I often feel tense and worried in unfamiliar in unfamiliar
situations, even when others feel there is no danger at all
Ž .Yes

v I often have to stop what I’m doing because I start
Ž .worrying about what might go wrong Yes

The TPQ draws on human and animal work to suggest
that behavior is mediated by certain neurotransmitters,
which underlie three basic and largely heritable dimen-
sions, called ANovelty SeekingB, AHarm AvoidanceB and
AReward DependenceB. In populations who filled out NEO
and TPQ questionnaires, TPQ Harm Avoidance was highly
correlated with NEO Neuroticism, and Novelty Seeking
was positively correlated with Extraversion and negatively
correlated with Conscientiousness. Novelty Seeking there-

Žfore taps aspects of impulsiveness, curiosity or ex-
.ploratory behavior in animals and disorderliness. Reward

Dependence is the TPQ term for attachment to others,
sentimentality and warmth; its opposites are pragmatism
and tough-mindedness.

According to the biological theory behind the TPQ,
Harm Avoidance is the inhibition of approach behaviors,
and the enhancement of escape behaviors, and these are

Ž .principally served by the serotonin 5-HT system in most
animals. The trait has face-valid resemblance to human
neuroticism and perhaps depression. Novelty Seeking, the
increased tendency to respond with approach to novel and
promising situations, is principally served by the meso-
limbic dopamine system. Rewarding activities, including
certain drugs, increase dopamine release or inhibit its

Ž .reuptake in this system Schultz, 1997 . Reward Depen-
dence reflects the persistence of behavior that is likely to
be intermittently, rather than immediately, rewarded, so
that a key sub-scale of Reward Dependence in the TPQ is
Persistence.

2. Heritability of personality traits

Twin studies demonstrate that personality traits mea-
sured by self-report questionnaires show moderate heri-

tability and secondly, although environmental influence is
also important almost all the environmental variance is

Ž .non-shared Loehlin, 1992 . Heritabilities in the 30–50%
range are typical. Extraversion is one of the most highly

Ž .heritable categories ;50% closely followed by neuroti-
Ž .cism or emotional stability ;40% .

3. Association of personality traits with specific genes

3.1. Dopamine D4 receptor

Only recently has an association between a specific
genetic polymorphism and a specific personality trait been

Ž .reported Benjamin et al., 1996; Ebstein et al., 1996 . Our
seminal study catalyzed many investigations by others and
ourselves aimed at validating these first reports and identi-
fying other genes that contribute to personality factors.

These two initial studies examined the role of the exon
III 48 bp repeat dopamine D4 receptor polymorphism in
personality. This gene has a highly polymorphic 16 amino
acid repeat region in the putative third cytoplasmic loop
that varies between 2 and 10 repeats in most populations

Žand changes the length of the receptor protein Van Tol,
.1996; Lichter et al., 1993 . There is some evidence that the

long and short forms of this protein have a moderate
Ž .functional significance Asghari et al., 1994, 1995 , al-

though a more recent study showed that the polymorphic
region of the loop does not appear to affect the specificity

Ž . Ž .or efficiency of G i alpha coupling Kazmi et al., 2000 .
Two approaches were used. The Israeli study was a case-
control design, whereas the NIH group’s sample also
included a number of sib pairs allowing for both a be-
tween- and a within-families design. Both studies sug-
gested an association between novelty seeking and the

Ž .long alleles of the dopamine D4 receptor DRD4 . Al-
though some subsequent studies confirmed our initial find-

Žings Kuhn et al., 1999; Noble et al., 1998; Strobel et al.,
. Ž1999; Tomitaka et al., 1999 , others did not Bau et al.,

1999; Gelernter et al., 1997; Jonsson et al., 1998; Pogue-
Geile et al., 1998; Sander et al., 1997a; Sullivan et al.,

.1998; Vandenbergh et al., 1997b .
We note, however, that three recent studies appear to

confirm the relevancy of the DRD4 gene to novelty seek-
ing. A Japanese group has characterized several polymor-
phisms in the upstream promoter region of the DRD4 gene
and one of these was associated with higher novelty

Žseeking scores in a group of Japanese subjects Okuyama
.et al., 2000 . This particular promoter region polymor-

phism is functionally significant and the T variant of the
C-521T polymorphism reduces transcriptional efficiency.
In a second study, a Finnish group has shown an associa-
tion between the DRD4 exon III 2 and 5 repeat alleles and
high novelty seeking scores in a very large and homoge-
neous Finnish birth cohort of more than 4700 subjects
Ž .Ekelund et al., 1999 . Both of these studies suggest that
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our original observation of an association between the
DRD4 48 bp repeat region and TPQ novelty seeking may
have been due to linkage disequilibrium between this
polymorphism and another polymorphism within the DRD4

Ž .gene the promoter region? or in a neighboring gene.
Finally, the first genome-wide scan in personality genetics

Ž .in a group of alcoholic families Cloninger et al., 1998 ,
which reported a linkage between anxiety-related traits and
a region on chr 8p, also observed a linkage between
novelty seeking and the region on chr 11 where the DRD4

Ž .gene is located Cloninger, personal communication . This
finding is currently being replicated in the second panel
from this cohort.

Mutant mice lacking the DRD4 receptor also provide
some evidence for a novelty seeking connection and this

Žgene. In addition to increased sensitivity to ethanol Rubin-
.stein et al., 1997 , these mice also exhibit reduced behav-

Ž .ioral response to novel stimuli Dulawa et al., 1999 . The
DRD4 receptor has also been analyzed in dog breeds and
the long D allele was dominant in the endogenous Japanese

Ž . Žbreed Shiba compared to Golden retriever Niimi et al.,
.1999 . It is interesting that the Shiba is considered an

aggressive species and some kinds of aggression are asso-
ciated with sensationrnovelty seeking personality traits in

Ž .humans Zuckerman, 1994 .

3.2. Serotonin transporter promoter region polymorphism
( )5-HTTLPR

Following our report of an association between DRD4
and novelty seeking, Lesch et al. showed an association
between a newly discovered 44 bp deletion in the promoter

Žregion of the serotonin transporter promoter region 5-HT-
. ŽTLPR affecting transcription of the gene Heils et al.,
.1996 and associated with neuroticism or HA personality
Ž .traits Lesch et al., 1996 . Some subsequent reports repli-

Žcated the initial association Greenberg et al., 1999; Kat-
suragi et al., 1999; Murakami et al., 1999; Ricketts et al.,

.1998; Osher et al., 2000 whereas two yielded ambiguous
Ž .results Gelernter et al., 1998; Mazzanti et al., 1998 .

Several studies failed to observe any association between
anxiety related traits and the 5-HTTLPR polymorphism
ŽBall et al., 1997; Flory et al., 1999; Ebstein et al., 1997a;
Gustavsson et al., 1999; Hamilton et al., 1999; Jorm et al.,

.1998; Kumakiri et al., 1999; Deary et al., 1999 .
Ž .Two studies Lerman et al., 2000; Hu et al., 2000

found a relationship between the personality trait of neu-
roticism and the 5-HTTLPR short genotypes and smoking
behavior. Other studies found an association between a

Ž .dopamine transporter polymorphism SLC6A3-9 , smoking
Žstatus and Novelty Seeking Lerman et al., 1999; Sabol et

. Ž .al., 1999 . However, Jorm et al. 2000 in a sample of over
800 subjects found no evidence for an association between

Ž .either the 5-HTTLPR or dopamine transporter DAT poly-
morphism on smoking behavior or personality traits.

3.3. Other polymorphisms and personality traits

Another dopamine receptor that has been examined for
a role in personality traits is the dopamine 3 receptor
Ž . ŽDRD3 . In a large sample of Caucasians Henderson et

.al., 2000 , those in the first half of the split sample with at
Ž .least one of the DRD3 Ser 9 alleles had significantly
Ž .higher scores in neuroticism ps0.006 and behavioral

Ž .inhibition ps0.003 . There was a trend, failing to meet
the 1% significance criterion, for those with this genotype
also to have higher depression and anxiety. However,
when the second half of the split sample was analyzed, the
results failed to obtain significance. Another group of
investigators found that alcohol dependent patients with
the genotype A1rA2 showed significantly higher novelty
seeking scores than patients with the genotype A1rA1. An
association between the DRD3 receptor and novelty seek-
ing was observed in a small group of bipolar patients
Ž .Staner et al., 1998 . Also in a group of bipolar patients,
Harm Avoidance was associated with the serotonergic

Ž .5-HT receptor polymorphism Blairy et al., 2000 .2a

4. Gene interactions

Certain rare genetic disorders are caused by single gene
mutations. Whether the mode of inheritance is recessive,
dominant, or X-linked, these disorders are called simple, or

ŽMendelian. However, common diseases are influenced not
.AcausedB by more than one gene, and by environment.

For such traits, the contribution of any single gene may be
very small and any one gene may be neither necessary nor
sufficient for the determination of the phentoype. Discov-
ering the genes involved is therefore more difficult, and
these disorders are called AcomplexB. Quantitative pheno-
types with approximately normal distributions, like height
and intelligence, also display complex genetics, and this is
also true of personality.

As soon as more than one gene is involved in the
determining of the phenotype, the concept of AepistasisB,
or gene–gene interactions, also becomes important. The
effect of a single gene may depend radically on the
simultaneous presence or absence of another gene or genes.
The word AradicallyB distinguishes this situation from
simple, so-called AadditiveB effects of two or more genes,
where each gene contributes incrementally to the pheno-
type. A good analogy is provided by a hand of cards in a
card game. A two of clubs or diamonds may be a worth-

Ž .less card, but 2 twos a ApairB in poker is worth more than
Ž .twice as much as one AsynergismB . The same two of

clubs in a game of bridge, even when clubs are trumps,
will be of little value early in the game; however, when
another suit is called for, proÕided the player has no cards
of that suit, he or she can play the two of clubs and win
Žnegative interaction with the other suit and synergistic
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.interaction with the contract stipulating clubs as trumps .
The main point about epistasis, then, is that the leading
actor in the drama is not a single gene, but a particular
genetic combination.

Recent studies in personality genetics are now revealing
the role of multiple gene effects in the determination of
this complex phenotype.

Ž .Noble et al. 1998 observed an interaction between the
DRD4 and DRD2 polymorphisms on Novelty Seeking.
Novelty Seeking was significantly higher in boys having,

Ž .in common, all three minor A1, B1, and Intron 6 1 alleles
of the DRD2 compared to boys without any of these

Ž .alleles. Boys with the DRD4 7 repeat 7R allele also had a
significantly higher Novelty Seeking score than those with-
out this allele. However, the greatest difference in Novelty
Seeking score was found when boys having all three minor
DRD2 alleles and the DRD4 7R allele were contrasted to
those without any of these alleles. Neither the DRD2 nor
the DRD4 polymorphisms differentiated total Harm Avoid-
ance score.

Ž .Two groups Ebstein et al., 1997b; Kuhn et al., 1999
observed an interaction between the serotonin 5-HT re-2c

ceptor polymorphism and the DRD4 polymorphism on
TPQ reward dependent behavior. Our studied showed that
when present in the same individual, the 5-HT and2c

dopamine receptor polymorphisms account for 30% of the
Ž .observed variance for persistence RD2 and 13% of the

Ž .variance for reward dependence scores RD134 .
Our group also examined the role of three functional

polymorphisms: DRD4, 5-HTTLPR serotonin transporter
and catechol-o-methyltransferase polymorphisms, for asso-

Žciation with TPQ personality factors in 455 subjects Be-
.njamin et al., 2000b . In the absence of the short 5-HT-

TLPR allele and in the presence of the high enzyme
activity, catechol-o-methyltransferase valrval genotype,
novelty seeking scores are higher in the presence of the

Ž .DRD4 7 repeat allele Fig. 1 . The effect of these three
polymorphisms on novelty seeking was also examined
using a within-families design. Siblings who shared identi-

Žcal genotype groups for all three polymorphisms catechol-
.o-methyltransferase, DRD4 and 5-HTTLPR had signifi-

cantly correlated Novelty Seeking scores whereas sibs with
dissimilar genotypes in at least one polymorphism showed
no significant correlation for Novelty Seeking scores. Sim-
ilar interactions were also observed between these three
polymorphisms and Novelty Seeking when the 150 inde-
pendently recruited and non-related subjects were ana-
lyzed. We also observed an interaction between the cate-
chol-o-methyltransferase and 5-HTTLPR polymorphisms

Ž .and TPQ Persistence scores Benjamin et al., 2000b .
Subjects with high Persistence scores are characterized as
industrious, hard-working, ambitious, perfectionist.

We note that only a handful of additional common
polymorphisms have been examined for association with
personality traits including the transcription factor AP-2beta

Ž . Žgene Damberg et al., 2000 , the a adenoreceptor Com-2A
.ings et al., 2000 and a tyrosine hydroxylase TCAT repeat

Ž .Persson et al., 2000 . In a Brazilian study of male alco-
holics, an association was observed between the TAQ A1
dopamine D2 receptor polymorphism and TPQ Harm
Avoidance personality traits, stress related traits and facets

Ž .of alcoholism Bau et al., 2000 .

Ž .Fig. 1. TPQ novelty seeking scores in the presence of three polymorphisms: DRD4, catechol-o-methyltransferase and 5-HTTLPR Benjamin et al., 2000a .
All subjects represented were homozygous for the high enzyme activity catechol-o-methyltransferase valrval genotype. The Y axissTPQ novelty seeking
scores. Subjects at the left Y axis are homozygous for the longrlong 5-HTTLPR genotype whereas subjects at the right Y axis carry at least one short

Ž .5-HTTLPR allele the so-called AneuroticismB allele . Note the relatively large difference in mean novelty seeking scores between subjects with the DRD4
7 repeat allele and subjects without the 7 repeat in the absence of the short 5-HTTLPR allele.
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5. Extension of genetic personality studies to infant
temperament

Individual differences in temperament, i.e., individual
differences in emotional, motoric, and attentional reactiv-
ity, are apparent from the first days of life. One of the
most widely used methods to assess temperament in the
first weeks of life is the Neonatal Behavioral Assessment

Ž . Ž .Scale NBAS Brazelton and Brazelton, 1995 . The NBAS
assesses the behavioral repertoire of infants from birth to 1
month. It attempts to capture individual differences in the
complexity of behavioral responses to environmental stim-
uli as the neonate moves from sleep states to alert states to
crying states.

Ž .In a first study of its kind Ebstein et al., 1998 , we
examined the role of two common polymorphisms on
neonatal behavior, evaluated at 2 weeks of age, in 81

Ž .neonates 40 males and 41 females using the NBAS. We
also note that this initial investigation is the first in a
longitudinal study of neonate, infant and toddler behavior
that we have initiated.

Ž . Ž .The effect of the DRD4 short s vs. DRD4 long l and
Ž .5-HTTLPR shortrshort srs vs. 5-HTTLPR longrshort

Ž . Ž .lrs and longrlong lrl on four of the NBAS tempera-
ment clusters was compared by multivariate analysis. A
significant association of DRD4 across the NBAS clusters
was observed. Univariate F tests showed significant ef-
fects of DRD4 on all four of the temperament clusters.
Overall, the presence of the long forms of the DRD4 exon

III repeat region is to raise the mean score for all four of
the temperament clusters.

No direct effect of 5-HTTLPR was observed by either
multivariate or univariate F tests on any of the tempera-
ment clusters. However, a significant multivariate interac-
tion was observed between DRD4 and 5-HTTLPR and
univariate F tests showed a significant interaction between

Ž .the two polymorphisms on orientation Fig. 2 . The effect
size of DRD4 on orientation was much larger in those

Ž .neonates homozygous for the short srs 5-HTTLPR geno-
type compared to infants with either the srl or lrl geno-
types. Moreover, no significant effect of L-DRD4 on
orientation was observed in neonates grouped by the 5-HT-
TLPR lrl or lrs, whereas the effect of L-DRD4 repeat
alleles was significant in neonates with the srs 5-HTTLPR

Ž .genotype. The effect of 5-HTTLPR srs was to lower the
orientation score for the group of neonates lacking the
L-DRD4.

In summary, the results indicate that infants with one or
more long alleles of 5-HTTLPR, which is associated with
less anxious traits in adults, show no further enhancing
effect of the long DRD4 alleles, which also promote
approach-type behaviors in adults. However, in infants

Ž .with the inhibiting form at least in adults of 5-HTTLPR,
long DRD4 alleles, but not short DRD4 alleles, oppose this
inhibition.

We also examined the association of DRD4 and 5-HT-
ŽTLPR and temperament in 76 two-month old infants 39

.boys and 37 girls who had participated in the neonatal

Ž .Fig. 2. NBAS orientation scores in 2-week-old infants sorted by the dopamine D4 receptor exon II repeat polymorphism DRD4 and the serotonin
Ž . Ž .transporter promoter region polymorphism 5-HTTLPR Ebstein et al., 1998 . Error bars represent mean values"SEM. The effect size of DRD4 on

Ž .orientation was much larger in those neonates homozygous for the short srs 5-HTTLPR genotype compared to infants with either the srl or lrl
Ž 2 .genotypes Eh : 0.35 vs. 0.02 .
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Ž .assessment described above Auerbach et al., 1999 . Moth-
Ž .ers completed the IBQ Rothbart, 1986 . IBQ scores reflect

the ease of elicitation of a given reaction and the intensity
of that reaction. Both the stability and validity of the IBQ

Žhave been documented Rothbart, 1986; Worobey and
.Blajda, 1989 .

Temperament stability was examined by calculating
bivariate correlation coefficients for the NBAS and the
IBQ scales. There were significant negative correlations
between several of the NBAS and the IBQ scales.

We next considered the effect of the DRD4 and 5-HT-
TLPR genotypes on the IBQ scales. Infants with long
DRD4 alleles had significantly lower scores on Negative
Emotionality and Distress to Limitations than infants with
the short DRD4 alleles. In contrast, infants with the srs
5-HTTLPR genotype had higher scores on Negative Emo-
tionality and Distress to Limitations than infants with the
lrs or lrl genotypes. A DRD4 main effect of Distress to
Sudden or Novel Stimuli approached significance. Infants
with the long DRD4 alleles were less distressed by sudden
or novel stimuli than were infants with the short alleles. In
those infants lacking the DRD4 long repeat alleles, the

Ž .effect of the short homozygous form srs of the 5-HT-
TLPR gene on Negative Emotionality and Distress to
Limitations was significant, whereas no effect of this
polymorphism was observed in infants possessing the long
DRD4 alleles. In the absence of the long form of the
DRD4 allele, the effect of the srs form of 5-HTTLPR
gene was to significantly raise the scores for Negative
Emotionality and Distress to Limitations.

6. Pleiotropic effects of common polymorphisms affect-
ing human behavior

Not surprisingly, three of the genes most intensely
investigated in personality genetics, DRD4, 5-HTTLPR
and catechol-o-methyltransferase, are known to affect a
wide range of human behaviors. One of the most robust
findings is the reported association between the 7 repeat
allele and attention deficit hyperactivity disorder a hetero-
geneous childhood disruptive behavior characterized by
impulsive acts. It is interesting to note that adults diag-
nosed with attention deficit hyperactivity disorder show

Žhigher TPQ novelty seeking and HA scores Downey et
. Žal., 1997 . Many Comings et al., 1999; Faraone et al.,

1999; LaHoste et al., 1996; Rowe et al., 1998; Smalley et
.al., 1998; Swanson et al., 1998; Swanson et al., 2000 but

Žnot all Castellanos et al., 1998; Eisenberg et al., 2000;
.Hawi et al., 2000; Kotler et al., 1999 studies show an

association between attention deficit hyperactivity disorder
and the DRD4 7 repeat.

The DRD4 polymorphism has also been shown in some
studies to be associated with addictive behavior. We note

Žthat substance abusers including both alcoholics Cloninger
. Ž .et al., 1995 and heroin addicts Mel et al., 1998 are

distinguished by high TPQ novelty seeking scores. We
observed in a case-control design an association between

Žheroin addicts and the DRD4 7 repeat Kotler et al., 1997,
.Mel et al., 1998 , which has also been observed in a
Ž . Ž .Chinese population Li et al., 1997 . Goldman et al. 1997

observed linkage between alcoholism in American Indians
and the region on chromosome 11 very close to the DRD4

Ž .gene. Also a Japanese study Muramatsu et al., 1996
observed an interaction between the DRD4 receptor and

Ž .alcoholism in subjects carrying the ALDH2 2 protective
‘flushing’ allele, common in some Asiatic populations.

The 5-HTTLPR polymorphism has been associated in
Žsome studies with obsessive–compulsive disorder Mc-

.Dougle et al., 1998; Bengel et al., 1999 , in depression and
Ž .anxiety in Parkinson’s disease Menza et al., 1999 , in

Žalcoholism Sander et al., 1997b; Ishiguro et al., 1999;
. ŽHallikainen et al., 1999 , compulsive buying Devor et al.,

. Ž1999 , autism Persico et al., 2000; Yirmiya et al., 2000;
.Klauck et al., 1997; Cook et al., 1997 and bipolar disorder

Ž .Furlong et al., 1998 .
The catechol-o-methyltransferase highrlow enzyme ac-

tivity valrmet polymorphism has also been examined in a
number of human behaviors. Two groups including our-
selves found an association between the low enzyme activ-

Žity met allele and violent behavior in schizophrenia Lach-
.man et al., 1998; Strous et al., 1997; Kotler et al., 1999 .

The association between the high enzyme val allele and
heroin addiction first reported by Vandenbergh et al.
Ž .1997a was recently confirmed by us in a family-based

Ž . Ždesign Horowitz et al., 2000 . We Alsobrook II et al.,
.2000 also confirmed an association between this polymor-

Žphism and obsessive–compulsive disorder Karayiorgou et
.al., 1997, 1999 . Finally, we note that we have observed a

provisional association between the catechol-o-methyl-
Žtransferase polymorphism and hypnotizability Lichtenberg

.et al., 2000 .
A common theme underlying the pleiotropic affects of

these three genes might be their role in modulating neuro-
transmitter systems underpinning similar facets of higher
cortical and limbic functions subsumed under the heading
of Executive Function. These three genes appear to regu-
late aspects of impulsiveness and attention-processes that
are common to normal personality as well as disturbances
reflected in such diverse disorders as autism, attention
deficit hyperactivity disorder, schizophrenia and addiction.

7. Future directions

Finding genes contributing to human personality re-
flects the challenges encountered in genetic analysis of
other complex human traits including type II diabetes
Ž . Ž .Alper, 2000 , obesity Arner, 2000 , schizophrenia and

Ž . Žbipolar disorder Gershon, 2000 , hypertension Garbers
. Ž .and Dubois, 1999 and allergies Ono, 2000 , to name just

a few areas of active research. Small effect size of individ-
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ual genes and oligogenic interactions confound attempts to
establish the role of common polymorphisms in contribut-
ing to these complex disorders.

ŽAs pointed out by Risch in a recent review Risch,
.2000 , the molecular methods used successfully to identify

the genes underlying rare Mendelian syndromes are failing
to find the numerous genes causing more common, famil-
ial, non-Mendelian diseases. However, there is room for
optimism especially with the completion of the human
genome sequence. New opportunities are being presented
for unraveling the complex genetic basis of non-Mendelian
disorders based on large-scale genome-wide studies.

In the past few years in the field of personality, com-
mon genetic polymorphisms have been identified that con-
tribute to the determination of personality traits determined
by self-report questionnaires. Although the importance of
genetic factors in determining human temperament has
been recognized for two decades, recognition was lacking
regarding the possibility that the revolution in molecular
biology could also be applied to the mystery of human
personality. Recent studies initially focused on a candidate
gene approach to personality and some common polymor-
phisms were associated with specific personality dimen-
sions. This new field took an important turn with the first

Ž .publication by Cloninger et al. 1998 of a genome wide
scan for chromosomal regions harboring genes contribut-
ing to the determination of human temperament. Not unex-
pectedly, it was almost immediately apparent that ‘per-
sonality’ genes have a modest effect size and that several
genes are likely contributing to any specific personality

Žtraits Ebstein et al., 1997a; Kuhn et al., 1999; Cloninger et
.al., 1998; Noble et al., 1998; Benjamin et al., 2000a,b . A

particularly exciting development is the possibility that the
role of genes in human temperament could be recognized
very early in development at a time when environmental

Žinfluences are minimum Auerbach et al., 1999; Ebstein et
.al., 1998 . Finally, there is increasing awareness of the role

played by personality factors in psychopathology and the
possibility that personality may be a useful endophenotype
in analyzing the genetics of mental illness.
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