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INTRODUCTION

Personality is usually understood as stable patterns of response
in individual behaviour. Although this could be the most written
about topic in Psychology, the existence of these patterns and
the validity of the personality concept itself have both been
questioned [1]. Nevertheless, the study of the origin of the be-
havioural stable patterns and, particularly the debate about its
aetiology (genetic vs environmental factors), has been one of
the most controversial issues in the research history of Psychol-
ogy [2]. The advent of molecular genetics has increased the in-
terest in this field because new and powerful methodologies
have been applied to study personality. However, in spite of the
amount of studies carried out, the expected results have not
been achieved. In a clinical point of view, the importance of re-
search of biological bases of personality arises from the hypoth-
esis that suggests several mental diseases could represent the
limits of different personality dimensions [3-5]. 

Personality is a difficult concept to define so the study of
their genetic basis constitutes a great deal. There are several
crucial disadvantages in this type of study, the most important
being, the enormous influence of environment on this trait.
From a genetic point of view, personality is understood as a
multifactorial trait with probably several genes involved, each
one likely having a weak effect. In addition, these genes will in-
teract between themselves and with several environmental fac-
tors. In fact, environment has a higher percentage of total vari-
ability in personality than genes. This explains why the results

obtained up to now have been controversial and relatively poor
in spite of the great effort carried out.

In order to solve this problem, the analysis of traits closer to
biological basis rather than personality, such as temperament, has
been proposed. Temperament could be defined as individual dif-
ferences in behaviour trends, which are stable and have a consti-
tutional base. While personality would be established during ado-
lescence, temperament is supposed to appear at birth and, there-
fore, would have fewer environmental influences. It has been
suggested that personality would be a development between envi-
ronmental factors and temperament throughout life [8]. Environ-
mental factors, some of them intrauterine [9], must be also signif-
icant in temperament, but it is well established that environmental
factors are more involved in personality than in temperament. 

There are many models which try to define the temperament
dimensions, and some of them offer scales to measure them. In
adults, the most used model in genetic studies has been
Cloninger’s psychobiological model [10] and its TCI and TCI-R
scales (and previously the TPQ scale) [11]. According to this
model there are seven main dimensions in personality, four of
which are considered temperamental dimensions: ‘novelty seek-
ing’, ‘harm avoidance’, ‘reward dependence’ and ‘persistence’.
The main interest in this model in genetic studies is because it
associates the different dimensions to specific biological sys-
tems: dopaminergic system to ‘novelty seeking’, serotoninergic
system to ‘harm avoidance’ and noradrenergic system to ‘reward
dependence’. But temperament in adults has an important disad-
vantage: it’s very difficult to separate it from personality. In fact,
Cloninger’s model has been criticized because its temperamental
dimensions overlap with personality dimensions of other scales.
As an example, the temperamental dimension ‘harm avoidance’
is very close to personality dimension ‘neuroticism’ [12]. This
fact has meant that genetic studies of temperament in adults suf-
fer from severe replicability failure, in a similar way to what
happens in studies using the personality scales [13].

An alternative to adult temperament is to study tempera-
ment in children, because it is well defined and clearly differen-
tiated from personality. In children there are also several models
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Summary. Introduction. In spite of the high initial expectancy in preliminary results concerning the genetics of personality,
these studies have not provided satisfactory results. The failure could be related to the lack of biological validity of personality
concept and the important influence of environmental factors on personality. A possible way to solve this problem is to look at
the temperament of preschool children. It is expected that variability in infants’ behaviour can be better defined and with less
environmental influence. Development. Firstly, twin and adoption studies of child temperament in comparison with the studies
of personality in adults are reviewed. Secondly, the molecular association studies carried out concerning child temperament
are analyzed. The serotonin transporter gene (5-HTT), D4 receptor gene (DRD4) and mono amino oxidade-A gene (MAOA)
have been considered candidates to explain variability in child temperament because these genes have been related with
specific personality dimensions and mental diseases. Finally, the methodological problems and the future direction of research
in this field are considered. Conclusions. Heritability shows higher values in infant temperament than in adult personality.
Different gene polymorphisms on 5-HTT, DRD4 and MAOA could explain some individual variability in children’s behavior,
although replication studies are needed to confirm the role of these genes. Longitudinal studies in large samples that include gene
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trying to explain temperament, and most of them define dimen-
sions very close to biological features, such as reactivity level to
stimuli. Traditionally, the most used scales have been the fol-
lowing three: EASI Temperament Survey [14], Colorado Child
Temperament Inventory [15] and Infant Behaviour Record [16].
But there are other scales that have gained importance such as
the Neonatal Brazelton Scale Assessment (NBAS) [17], be-
cause is not just filled in by parents, but have a section which is
completed by trained observers, too. 

TWIN AND ADOPTION STUDIES

The first question we should ask is if a child’s temperament re-
ally has an important hereditary component and therefore should
genetic studies be undertaken. In order to answer these ques-
tions two strategies have been traditionally carried out: twin and
adoption studies.

Twin studies have been the most used method, and they are
based in correlation comparisons between monozygotic and
dizygotic twin pairs. Monozygotic twins are genetically identi-
cal clones, while dizygotic twins share half their genes on aver-
age, the same as any pair of siblings. Genetic characters should
therefore show higher concordance in monozygotic compared
to dizygotic twins, and many characters do. With respect to
temperamental dimensions, most of them also show higher sim-
ilarity in monozygotic than in dizygotic twins [18]. Historically,
this field has been influenced by data obtained in the New York
Longitudinal Study [19], where a higher significant correlation
in monozygotic (around 50%) rather than dizygotic twins
(around 15%) is found in several temperamental variables. Oth-
er later studies have obtained similar correlations with variables
like emotionality, attention and activity [20,21]. Generally, her-
itability values are between 40 and 60%, which support an im-
portant contribution of the genetic variance to the variability of
the trait. However, we must note that all these studies showed
very low correlation values in dizygotic twins, or even negative
values. An explanation of these results can be found in the way
the questionnaires were filled in, mainly by the parents who
tend to exaggerate differences between dizygotic twins more
than in monozygotic twins.

In studies using scales which measure personality, heritabil-
ity is about 30% [2], a lower value than temperament measures.
This should be expected, because personality has a priori high-
er environmental influence than temperament.

Twin studies show some disadvantages:
– Monozygotic twins tend to share not just more genes but al-

so more environmental factors than dizygotic twins, so greater
similarity could be due to these factors.

– Monozygotic twins separated at birth and brought up in sep-
arate environments would provide the ideal experimental
conditions, but there are very few of them.

– There is a bias of ascertainment because twins who are very
different are less newsworthy than markedly similar twins.

– Research on twins cannot distinguish intrauterine environ-
mental factors from genetic factors.

Adoption studies are less frequent than twin studies and they
show small samples. The main obstacle in this type of study is
the lack of information about biological families. These studies
are based in the comparison of a trait between adopted children
and their biological and adoptive family. If the observed vari-

ability in the trait has a genetic influence, a higher correlation is
expected between adoptive children and their biological family
than between the children and their adoptive family. These
kinds of studies usually obtain lower heritability values than
twin studies, around 40% [22]; also in some cases no evidence
of genetic variability has been found [23]. Braungart et al [23],
using the Infant Behaviour Record scale in an adoption study,
got similar results for each temperamental variable to a previous
twin study which used the same scale [25]. 

Twin as well as adoption studies show both a significant
variability in their results. The main reasons could be found in
the different scales used to measure temperamental dimensions
(these scales show similar but not identical variables), and the
large range of ages of the individuals studied, from three
months to adolescence. In spite of these limitations, it has been
concluded that genes contribute to temperament variability in
childhood. This contribution has been quantified between mod-
erate and significant.

ASSOCIATION GENETIC STUDIES

The second question we should ask is which specific genes are
involved in child temperament. To answer this, association stud-
ies have been mainly carried out. In a typical association study,
there is a comparison between frequencies of genetic variations
of candidate genes (alleles) in two different samples belonging
to the same ethnic group or population: people showing the trait
are compared with people without it. This comparison can re-
veal the existence of positive association between an allele (or
allele combination) and the trait if a significantly higher fre-
quency is found of that allele in the first group of people in
comparison with the second group.

In 1996 two papers about the genetic basis of personality
were published which aroused great interest in this subject. One
of them linked the 5-HTT gene with anxiety-related traits [26],
and the other one was an association study between DRD4 gene
and ‘novelty seeking’ [27]. Both of these studies got positive re-
sults and were of special interest because they supported Clo-
ninger’s psychobiological model. ‘Novelty seeking’ dimension
was related with the dopaminergic system and ‘harm avoidance’
dimension (indirectly related with neuroticism and anxiety) with
the serotoninergic system. Unfortunately, this initial success has
not been maintained, and even the results from these two studies
have subsequently been questioned. After this, we will revise the
studies carried out in these and other biological systems applied
to the study of children’s temperament (Table).

The serotoninergic system is widely distributed in the nerv-
ous system, with critical roles in many functions such as neuro-
genesis and neuronal plasticity. The 5-HTT gene (officially
SLC6A4) encodes the serotonin transporter, whose function is
the recovery of serotonin released to the intersynaptic space.
This gene has 15 exons and it shows high evolutive conserva-
tion in the transcriptional control region at the beginning of the
gene (5’-extreme) and in the exon/intron organization [28]. This
gene has been closely studied in relation with anxiety and neu-
roticism traits, depression and adult temperament, specifically
with the Harm Avoidance dimension [27]. Several of these stud-
ies showed significant results, but others could not replicate the
positive results using independent samples [29,30].

In children, 5-HTT has been less studied, and the genetic
analysis has been focused on the 5-HTTLPR polymorphism, a
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VNTR (variable number of tandem repeats) microsatellite locat-
ed at the 5’ transcriptional regulation region of the gene. The
VNTR shows two types of alleles: the l allele (with 16 repeats)
and the s allele (with 14 repeats) with functional differences be-
cause the short allele has a lower level of transcriptional expres-
sion compared to the long allele [26].

The dopaminergic system has been related with motor func-
tions, emotions and pleasure feelings. The most studied gene in
temperament has been DRD4, which encodes for a G protein-
coupled dopamine receptor. The analysis of this gene, with 4
exons, has focused in a 48 pb VNTR located in the third exon
which can vary between 2 and 11 repeats [31]. This VNTR has
been associated with different personality traits and adult tem-
perament, mainly ‘novelty seeking’ of Cloninger’s model [27],
as well as mental diseases such as attention-deficit hyperactivi-
ty disorder [32]. In all these papers, the different VNTR alleles
have been grouped into two types: short allele when carrying 2-5
repeats, and long alleles when carrying 6-11 repeats.

An interesting longitudinal study trying to associate both
genes (5-HTT, DRD4) with temperamental variables was per-
formed. The variables were measuring at two weeks (using the
NBAS scale) [33] and at two months (using the Rothbart’s In-
fant Behaviour Questionnaire) [34] in a sample of 81 children.
An association was detected between the longest alleles of the
DRD4 VNTR and several temperamental variables measured at
two weeks such as ‘orientation’. This variable could be related
with ‘novelty seeking’ in adults [35]. For 5-HTT no positive re-
sults were obtained applying the univariant analysis. However,
when both genes were considered at the same time, it was found
that the homozygotes ss for 5-HTTLPR carrying in addition the
short variants of DRD4 VNTR showed significant lower values
in Orientation. When temperament was measured at two months,
this association between both genes was also found. At this time
the univariant analysis with the 5-HTTLPR also gave a positive
result. This could be explained if the genes involved in tempera-
ment are different (or they have different roles), while temperament
evolves with age.

Lakatos et al [36] carried out a study with 90 one-year-old
children. They asked mothers, as well as taking direct observa-
tional measures about variables similar to novelty seeking of

adults. The purpose of this work was to associate these variables
with 5-HTT and DRD4. Any association with mothers’ answers
was found (it could be explained by the bias of questionnaires
filled in by parents) while from the observational data a DRD4
VNTR effect on children’s behaviour in response to the presence
of a stranger was found: the long alleles of the DRD4 VNTR were
associated with lower anxiety values in reaction to the stimuli.
Besides, this polymorphism was again modified by 5-HTT, be-
cause the presence of the 5-HTTLPR-s allele significantly in-
creased children anxiety independently of the DRD4 genotype.

The 5-HTT gene has also showed significant association
with aggressiveness in children [37]. The s allele of 5-HTTLPR
(in combination with a low transcriptional allele of rs25531,
another functional polymorphism located in the promoter of
5-HTT) is associated with increased aggressiveness.

Although DRD4 and 5-HTT have been considered the most
promising candidates to explain the variability in the different
temperament dimensions, there are many other genes that could
be involved in this trait. Genes of the dopaminergic system like
DRD2, DRD3 and DAT1 have been studied in adults, trying to
associate them with different personality dimensions such as
neuroticism [38-40]. Genes of the serotoninergic system such
as 5-HT1A, 5-HT1B, and 5-HT1C have been also studied with
respect to their involvement in adult temperament [41,42]. All
these studies showed negative results, or when positive could
not been replicated. At present, these genes have not yet been
analyzed in children’s temperament.

The Sotos syndrome gene (NSD1) has also been associated
with temperament variability [43] because patients with the mu-
tated gene (deletions and point mutations in the coding region)
are less irritable than controls. This study has been carried out in
children of different ages (3 to 18 years), but the sample was very
small (just 29 people), and therefore it needs to be reproduced in
wider samples before assuming a likely role for this gene.

Genes coding enzymes which metabolize different neuro-
transmissors have been studied in mental diseases and in behav-
iour. An example is the MAOA enzyme (monoamine oxidase A),
that degrades selectively serotonin, norepinephrine and dopamine
previously recruited to presynaptic neuron. A study in a sample
of 7-year old Caucasian children [44] showed that high activity

Table. Molecular genetics studies on child temperament.

Study Sample Scale Genes Association

Ebstein et al [33] a 81 two-week- old Neonatal Brazelton Scale Assessment 5-HTT, DRD4 DRD4 + 5-HTT, with ‘neuroticism’ 
children and ‘harm avoidance’

Auerbach et al [34] a 81 two-month- old Rothbart’s Infant Behavior 5-HTT, DRD4 DRD4 + 5-HTT, with ‘negative emotionality’ 
children Questionnaire and ‘distress to limitations’

Lakatos et al [36] 90 one-year-old Report of the mother, study of videos 5-HTT, DRD4 DRD4 + 5-HTT, with stimuli 
children of the child provoking anxiety

De Boer et al [43] 29 children with the EASI Temperament Survey NSD1 NSD1, with less irritable temperament
Soto’s syndrome 

Beitchman et al [37] b 77 five to fifteen Measurements of aggressiveness 5-HTT 5-HTT, with infantile aggressiveness
year-old children

Kim-Cohen et al [44] b 975 seven-year-old Measurements of antisocial behaviour MAOA MAOA, interaction with environmental 
children and response to the mistreatment factor mistreatment

a The same sample was used in both studies; b In these studies variables of temperament were not considered but variables related to it.



J. IVORRA-MARTÍNEZ, ET AL

REV NEUROL 2007; 45 (X):4

allelic variants of MAOA increase the probability of: suffering
mental disorders; antisocial behaviour and attention/ hyperac-
tivity deficits. Besides, some gene variants were associated with
children’s responses to domestic violence. These kinds of stud-
ies highlight the importance of gene-environment interactions,
because the contribution of both factors is fundamental to iden-
tify the mechanisms operating in temperament, behaviour and
personality development.

PERSPECTIVES AND FUTURE DIRECTIONS

Complex traits like temperament represent a challenge for ge-
netic studies. In order to advance in this field several ideas have
been suggested. 

Increasing of statistic power in genetic studies

One of the most difficult phases when working with children is
to get representative samples with a high enough number of in-
dividuals. This aspect is harder in children than in adults. Cur-
rently, very few studies have a sample of over 100 children. This
makes it very difficult to detect genes with moderate or weak
effects. Consequently, it will be necessary to increase the sam-
ple in future studies. In this way, the implementation of massive
genotyping technologies (MassArray ®, BeadArray ®, TaqMan ®

technologies as well as the use of tag-SNPs), will quickly in-
crease the number of genetic polymorphisms studied, making it
easier to analyze many candidate genes at the same time in wider
samples. Nevertheless, statistic corrections must be stricter in
these types of studies, because increasing the number of per-
formed tests also increases the risk of suffering false positive
results.

Animal models, mainly mice and macaque monkeys

The use of animal models to recreate pathology, or experimen-
tation conditions, is very important due to human limitations.
Mice are a good model because they show characteristics of
temperament similar to humans, such as Novelty Seeking or
Harm Avoidance. It has been observed that knockout mice for
stathmin gene are immune to fear [45]. Nevertheless, the best
models to study temperament are primates, due to their proxim-
ity to humans. Suomi et al [46] studied a newborn sample of

Macaca mulatta, measuring different temperamental variables.
Some of these variables were associated to 5-HTTLPR poly-
morphism. Monkeys with s allele showed less reactivity in re-
sponse to stimuli in a stressful environment. Other studies have
also supported the role of 5-HTTLPR in reactivity and anxiety
in this species [47].

Gene-environment studies

We have already discussed an interaction between 5-HTT and
DRD4 and temperament, at least during the first years of child
life. Besides the interaction between genes, there would be many
interactions between environment and genes. In adults, the pres-
ence of 5-HTTLPR- s allele has been associated with higher vul-
nerability to depression in response to vital events [49]. An asso-
ciation between the Val158 variant of the COMT gene and higher
probability of suffering schizophrenia when consuming cannabis
has been found [49]. In children the number of environmental
factors is smaller and easier to control than in adults, so this type
of study is more likely to be successful.

CONCLUSIONS 

Adoption and twin studies indicated that heritability of tem-
perament reach values between moderate and high. Molecular
genetic studies have identified several genes with a likely role in
temperament, such as 5-HTT and DRD4. The involvement of
MAOA is also well-known in some personality and behaviour
disorders. All these genes have been suggested as candidates for
future studies which could reveal new genetic polymorphisms
modulating temperament.

In order to avoid false positive results and low replicability
of genetic studies, it is necessary to unify criteria when defining
temperament, as well as when using the different scales of
measurement. In addition, it is also crucial to increase the power
of the studies, using higher samples in each study. On other
hand, model animals and gene-environment studies would open
new ways to deal with the study of temperament. Longitudinal
projects starting at birth in large samples of children (collecting
genetic and environmental data and focusing in the analysis of
different development stages) could be the best choice to im-
prove the lack of knowledge in this area.
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GENÉTICA DEL TEMPERAMENTO EN NIÑOS

Resumen. Introducción. A pesar de que inicialmente dio resultados esperanzadores, el estudio de las bases genéticas de la
personalidad no ha logrado unos resultados satisfactorios. Las razones básicas han sido la cuestionable validez biológica de
las dimensiones de la personalidad y la importante contribución del ambiente. Una alternativa ha sido recurrir al estudio del
temperamento en niños (lactantes y preescolares) en los que la variabilidad del comportamiento individual está menos modu-
lada por factores ambientales. Desarrollo. En primer lugar se presentan los estudios de gemelos y de adopción, que determi-
nan el grado de heredabilidad del temperamento en niños, y se comparan con los estudios de personalidad en adultos. Segui-
damente se pasa a comentar los estudios de asociación realizados con el fin de identificar los genes que intervienen en las ba-
ses moleculares del temperamento en niños, principalmente los estudios relacionados con el gen transportador de serotonina
(5-HTT), el gen receptor (DRD4) y el gen monoamino oxidasa A (MAOA), relacionados con dimensiones específicas o tras-
tornos de la personalidad. Por último, se analizan las futuras direcciones hacia las que se dirige este campo de investigación.
Conclusión. La investigación del temperamento en niños presenta una heredabilidad más elevada que la personalidad en
adultos. Los polimorfismos de los genes 5-HTT y DRD4 contribuyen a explicar parte de la variabilidad observada en el com-
portamiento individual. Aun así, la falta de replicabilidad en los estudios actuales hace necesarios nuevos enfoques, y son
particularmente relevantes los estudios longitudinales que introduzcan la investigación de las interacciones geneticoambien-
tales. [REV NEUROL 2007; 45:]
Palabras clave. 5-HTT. DRD4. Estudios de asociación. Genética. MAOA. Niños. Personalidad. Temperamento.


