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Abstract—Catechol-O-methyl transferase (COMT) influences
dopamine concentration in the pre-frontal cortex (PFC). The G/A
transition in the exon 4 of the COMT gene, which results in a
valine (Val) to methionine (Met) amino acid substitution
(Vall58Met), can bring on different enzymatic activities. Much
research has found that the Met/Met genotype associated with
low enzymatic activity and may enhance cognitive function. Our
research aimed to test the association between COMT genotype
and creativity. We applied one-way ANOVA to detect the effect
of the COMT genotypes to creative ability and creative potentials
in 108 Chinese children with polymerase chain reaction (PCR)
methods. COMT genotypes were not related to creative ability
and creative potential except imagination. Val/Val carriers are
more likely to imagine than Met/Met carriers (F (5, 195) =4.082,
p=.02). We also found that COMT Val158Met polymorphism had
a significant main effect on intelligence (F (5, 102y = 3.47, p=0.035)
and it could predict 4.7% of intelligence. Our results suggest that
Met/Met genotype has a positive effect on intelligence but not on
creative ability. However, we found no significant interaction
between gender and COMT genotype to intelligence.

Keywords- creative ability; creative potential; Catechol-O-
methyl transferase (COMT); functional polymorphism

L INTRODUCTION

Intelligence, which is a highly heritable behavior phenotype
[1], is one of the most frequently investigated constructs for its
high prediction of academic achievement and success in daily
life [2]. However, creativity research, which has “the role of a
prodigal stepbrother to intelligence research” [3], is rather
orphaned especially for its heredity research [4].

Creativity is the ability to produce something that is novel
and useful [3,5,6]. Although it is an important psychological
construct not only to solve problems in work and daily life but
also to improve and advance human society, creativity is often
neglected by many researchers for inconsistent understandings
of creativity. Some researchers consider creativity as the
product that only very few individuals manage to own, while
others investigate creativity through the process approach and
assume that creativity is normally distributed in the general
population just like intelligence [7]. Supporters of the process
approach like Guilford [8] took originality, flexibility and
elaboration as the core of creativity and tried to develop
appropriate instruments to measure it. As most scientists
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supported the process approach at present, we took this
scientific standpoint as our theoretical footstone.

Creativity and divergent thinking are incorporated into
intelligence in some intelligence models [9, 10, 11]. And as the
process approach assumed, creativity is normally distributed in
the population which is also similar as intelligence. Therefore,
creativity should also have a strong genetic basis as
intelligence. However, there were little researches about the
genetic basis of creativity and its heritability until now.

Most scientists supported that creativity is the results of
many factors [12, 13, 14]. Many researchers emphasized that
some personality traits can improve creative ability [5,15,16].
Sternberg (1985) reviewed the concept of the persons who
owned high creative ability from experts to laymen and found
that the implicit concept of creativity tried to take creative
ability and some personality traits such as novelty seeking and
imagination as a whole [17]. So in this paper, we assess
creativity from two parts: creative ability and creative behavior
which is also called as creative potential. Creative potential is
an interesting behavior trait for creativity research not only for
its biological basis [18] but also because it is an important
feeling behavior necessary for the efficient production of
creative thought. In our research, we departed creative potential
into four parts: curiosity, imagination, novelty seeking and
challenge as Williams (1972) [19], which has been accepted by
many experts on creativity.

COMT gene is a genetic marker documented to impact
cognitive functioning, which is coded by catechol-O-
methyltransferase (COMT) enzyme. This enzyme is a major
enzymatic inactivator of the neurotransmitter dopamine and
regulates the duration of dopamine effect by catabolizing more
than 60% of the dopamine in the prefrontal lobe [20, 21].
Prefrontal cortex was the central system of human cognitive
activities and was directly associated with human intelligence
[22]. Functional variation in the human COMT gene occurs at
a single nucleotide polymorphism (SNP), which is a G—A
transition coding for the synthesis of the amino acid
methionine (Met) instead of valine (Val) in codon 158 of the
COMT gene located at the q11 band of human chromosome 22
(GenBank accession no. AY341246), bringing on 3- to 4-fold
difference in COMT enzyme activity [23]. The Val allele
associates with high enzymatic activity while the Met allele
associates ~ with  low. In  addition, dopaminergic
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neurotransmission in the PFC contributes to individual
cognitive differences [24], thus COMT genotype may influence
cognitive performance, especially intelligence.

Many researches support the association between COMT
genotypes and the performance of the prefrontal lobe in
children [25,26]. With these data, individuals with the low
activity Met allele are hypothesized to perform better on
cognition tests that are specific for PFC functions [27].
Consistent with the hypothesis, Egan et al (2001) observed that
the Met allele was related to the better performance on the
Wisconsin Card Sorting Test (WCST), which was replicated by
Malhotra et al. (2002) [28]. Another research reported that
individuals with Met allele performed better in the processing
speed and attention domain [29]. Consistent with these
findings, Goldberg et al. (2003) also found the Met/Met
genotype carriers perform best in working memory while
Val/Val genotype carriers perform worst in an n-back task [30].
Another research support a general effect of COMT
Vall58Met polymorphism on cognition with biophysical data:
P300 latency was lower in young Chinese women with the
Met/Met genotypes [31]. Ho et al. (2005) found prefrontal
cortical inefficiency in schizophrenic Val carriers with positron
emission tomography (PET), which confirmed the relationship
between COMT genotype and cognition [32]. Zhang et al. (
2006) found no association between COMT genotypes and
mental retardation (MR) but an association between COMT
genotype and general cognitive ability of Chinese healthy
children in mountain areas [33]. Recent study also found that
the Met/Met carriers had better scores on executive function
tests than Val-carriers [34]. Therefore, the aim of this paper
was to find whether COMT genotype is a candidate gene for
both creative ability and creative behavior potential.

II. METHODS

A total of 108 healthy unrelated Chinese children
volunteers were randomly recruited from a compulsory
educational school in Peking. Both these children and their
parents agreed to participate in this research and provided
written informed consent after explanation of the study. Two
children excluded for missing data in the creativity test.
Participants in our study were ranging from 6 years old to 14
years old with mean age of 10.36 and S. D. of 3.09. There were
51 boys and 57 girls and there was no association between
gender and grade (F (;, 106)=2.35, p=.13).

All children participants were administered the following
creative tests: Williams creative potential test to measure their
creative behavior and the figural manuscript of Torrance tests
of creative thinking (TTCT) to test their creative ability [35].
Thinking creatively with pictures can reflex children’s creative
ability without any interference of their knowledge. It measures
creative thinking using three picture- based exercises to assess
five mental characteristics: fluency, originality, elaboration,
abstractness of titles, and resistance to closure. The TTCT-
Figural was proved with reasonable reliability [36].

Children were also tested IQ with the culture fair test
(CFT). As intelligence and creativity are highly correlated, it is
necessary to exclude the possibility that intelligence may play a
modulatory role on the association between creativity and

genotypes [37]. As CFT is widely spread and can avoid culture
bias, we can conduct this test to compare the IQ scores with
children in other nations in our future study. Furthermore, CFT
examines fluid intelligence containing concept formation and
reasoning ability, which is the core of intelligence and basal
cognitive abilities [38]. Given the age differences, we
computed Z scores for the calculation of CFT raw scores. Then
we used T score which is calculated by 50+10*Z as the IQ
index to make the data more descriptive.

In order to extract children’s DNA, 2 ml peripheral blood
leukocytes were phlebotomized with the standard alcohol-
trichlomethane method. The samples were immediately
transported to the genetic lab and stored at -20°C. The primers
used to amplify the target 217 bp COMT gene fragment were
identical to previous reports (Ruth et al. 2006). The upstream
sense primer was 5’-TCG TGG ACG CCG TGA TTC AGG-3’
and the downstream reverse primer was 5’-AGG TCT GAC
AAC GGG TCA GGC-3’. PCR reactions were carried out in a
final volume of 15ul consisting of 50 ng of genomic DNA,
0.4ul of each primers (10pM), 10* PCR Buffer, 0.2 ul of 500U
Taq, 0.2 pl of 10mM dNTP, 1.0 pl of 25mM MgCl, and 10%
DMSO. We found the best PCR conditions for our experiment
to be touchdown protocol. It began with an initial denaturation
step at 95 C for 3 min, followed by 20 cycles of denaturation
at 94 oC for 1min, annealing at 68°C for 30s in the first cycle
and lowering the annealing temperature sequentially from 68°C
to 58°C over these 20 cycles, and extension at 72 °C for 45s.
There were 20 additional cycles for further amplification
annealing at 58°C for 30s per cycle. In the end, the samples
were extended at 72 °C for 10 min. The PCR products were
digested at 37 °C for 3h with 5 U of the restriction enzyme Nla
III (New England Biolabs). Products were electrophoresed on a
4% agrose gel. A DL500 Marker was used to measure the
fragments size.

III.  RESULTS

The H allele, high activity Val-108, was cleaved into 2
bands: the 136 bp band and the 81 bp band. The L allele, low
activity Met-108, was cleaved into 3 bands in theory, the 114
bp band, the 81 bp band and the 22bp band. However, the
shortest band (22bp) cound not be shown on the gel. The
COMT genotype distribution in our experiment for the 108
subjects was: Val/Val=26, Val/Met=65, Met/Met=17. Allele
frequencies did not differ significantly from Hardy-Weinberg
equilibrium (Chi-square=5.41, df =2, p=.067). We conducted a
one-way ANOVA to compare cognitive performance across
the three allele groups (Val/Val, Val/Met and Met/Met).

Total creativity and originality were significantly
correlated with intelligence (rc=0.24, ro=0.20). However,
fluency and flexibility were not significantly related to
intelligence (correlations ranging from 0.10 to 0.14). Results of
the genetic analysis showed that there were no significant
association between COMT genotype and all measures of
creative test except imagination (F (5, 102) =4.08, p=0.020). We
found significant main effects of the COMT genotypes on
intelligence measures (F o, 102y = 3.47, p=0.035). COMT
genotypes explained 4.4% of the interindividual variance with
intelligence scores. Post hoc tests for univariate effects



revealed that Met/Met carriers performed better than both
Val/Val and Val/Met carriers (p=.012, p=.028 respectively).
There was no significant difference between Val/Val and
Val/Met genotypes on their CFT scores. However, using the
more conservative Bonferroni correction, we found that the
only significant difference was between the Val/Val and
Met/Met genotypes (p=-037). The Cohen’s d=-0.74 and effect
size is 0.346, which means middle effect. No significant
interaction of gender and COMT genotypes on both the
intelligence test and creative tests was found (F (3, 105)=1.621,
p=203).

TABLE L the demographic and test information by COMT genotype
Val/Val (n=26)  Val/Met (n1=65) “z:iq‘%e‘
Age 993.1) 10.8 (3.0) 10.4 (3.1)
Gender (M/F) 14/12 28/37 9/8
CFT test 47.0 (9.7) 48.8 (9.8) 54.4(6.8) *
Total creativity 50.0 (6.8 50.47 (6.04) 49.5 (4.6)
Originality 49.1 (10.1) 52.0 (8.7) 49.3 (6.6)
Fluency 49.5 (10.8) 50.0 (8.2) 49.9 (9.0)
Flexibility 50.0 (8.8) 50.7 (11.1) 47.3 (10.0)
Novelty seeking 18.8(3.7) 18.7(2.9) 18.4(3.6)
Curiosity 24.7 (4.0) 24.1 (4.3) 22.5 (47
Imagination 25.5(5.2) 23.1(4.7) 21.6(3.2) *
Challenge 21.8(3.5) 21.5(3.5) 20.1(3.5)

Mean=S.D. Significantly different compared with Val/Val (*P < 0.05).

IV. DISCUSSION

Our study aimed to test the possible association between
COMT genotype and creativity. Although there were many
genetic studies concerning the cognitive function [24, 39],
there was only one report on exploring the molecular basis of
creativity for its difficulty to define and measure. Our study
attempted to consider creative behavior and creative ability as a
whole and measured them with the well-validated tests in
creativity field. We found our results were different from the
previous report [4]. We found there were no significant
association between COMT genotype and creative ability,
which is the same as previous report. But we found COMT
genotype was significantly related to creative behavior,
especially imagination (F=4.082, p=.020). With this result, we
hypothesized that creative ability was apart from creative
behavior in creative system. It meant that subjects who
behaved highly creative may not be persons with high
creativity. In order to prove our hypothesis, we tested the
correlation between creative behaviors and creative ability and
found no significant correlation between them (ranging from
0.03 t0 0.13).

There were some researches about the association between
COMT genotype and some personalities, such as harm
avoidance, persistence [18, 40]. However, no researches report
on the association between COMT and creative personalities.
The lack of this kind of researches is not for its importance but
for the difficulty to give the exact definition of creativity. In
our study, COMT gene is significantly associated with
imagination and Val/Val carriers performed much better in
imagination test than the Met/Met carriers. The results of our

study seemed strange: Met/Met carriers performed better than
Val/Val carriers in 1Q test while Val/Val carriers were more
likely to imagine than Met/Met carriers. The possible
explanation is that people with high IQ may not like to imagine
in born than people with low 1Q, although their creative ability
don’t differ from each other significantly. Our future research
will validate this hypothesis to see whether it is true from
behavior aspect.

In our study, we found COMT genotype was significantly
related to intelligence, which was proved by many other studies
but there were no association between COMT genotype and
creative ability [24, 28, 30]. Although we haven’t found the
association between creative ability and COMT genotype, it
didn’t mean that creativity is not hereditary. The insignificance
may be caused by the fact that COMT genotype was related to
cognitive ability, but not related to creativity. So it is possible
for us to draw the conclusion that the COMT gene is restricted
to basal cognitive abilities but unrelated to higher cognitive
ability such as creative ability.
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