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Abstract

genetic markers of sportive success in wrestling.

In this study we tested gene-candidates, associated with the stress-resistance and personality traits, aggression
in particular, in 16 world-class judo sportsmen, and 40 young men as a control sample from general Russian
population (all men were of Caucasian origin). The polygenic profile with 9 candidate genes which included 10
polymorphisms (i.e., AR, DRD4, DRD2, DAT1, COMT, 5-HTTL, MAOA, HTR1A and HTR2A) connected to the
functioning of serotonin, dopamine, and androgenic systems were determined. It was demonstrated that judo
sportsmen significantly differed from the control group by higher frequencies of AR alleles with lower numbers of CAG
repeats, V/V genotype of COMT gene, and G/G genotype of HTR1A gene, thus suggesting these polymorphisms as
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Introduction

The making of an elite sportsman is composite and includes a
complex interaction of genetic predisposition to athleticism with
environmental and behavior factors. The heritability for individual traits
is a highly important source of information for people responsible for
planning training. With the rapid development of molecular research
in sport a few dozens of genetic markers connected with physical
performance, cardiorespiratory and functional muscle properties in
the first rate were detected (ACE, ACTN3, AMPD1, CKMM, HFE,
GDEF-8, NOS3, PPARGCI1A, UCP2, and UCP3) [1-5]. Although, the
modern sport is associated with a huge emotional and psychological
pressure on athletes and endurance of stress nowadays has becoming
a key important factor of sportive achievements. The ability to control
personal negative emotions and aggression, as well as to tolerate
various types of provocation from opponents is particular important
in wrestling (judo and Greek-roman wrestling in particular). For this
extent it is highly important to study the gene-candidates, associated
with behavioral traits in sportsmen [6-8]. Phenotypic expression
of personality traits is an outcome of activity of many polymorphic
genes, associated with dopamine, serotonin and androgenic systems
and providing a different level of genes expression, and (or) functional
activity of gene products.

The androgen receptor gene (AR) in exon 1 contains from 8
to 35 triplet repeats CAG (a microsatellite cluster), coding for a
glutamine array. It was demonstrated that the lower number of CAG
repeats the receptor is more sensitive to androgens. The CAG repeat
polymorphisms of the AR gene play an important role in aggressive
behavior [9].

In promoter region, the serotonin transporter gene (5-HTTL)
was found to contain CG- rich tandem repeats (VNTR). There are
two major allelic variants of the gene which differ in transcriptional
activity, short allele (S) and long allele (L) [10]. In case of two or one

copies of S allele the transcription is lower in comparison with L allele
homozygous. Later, the SNP in repeat 6 of L and S alleles (A/G) of
5-HTTL gene was found. This mutant allele G is proved to affect the
transcription of L allele [11].

For promoter region of serotonin receptor gene (HTR1A) the SNP
G1019C was extensively studied. This polymorphism was showed to
influence on the level of gene expression because it was demonstrated
that the transcription level of G allele is much higher that of C allele.
The serotonin receptor gene (HTR2A) contains SNP A/G1438, which
seems to be a genetic marker for human aggressive behavior [12].
Homozygote genotype HTR2A GG appears to be the marker of a lower
risk, while the presence at least of one copy of A allele in genotype
is a marker of a higher risk. In promoter region of monoamine
oxidase gene (MAOA) the VNTR was found, the number of repeats
varies from two to five. The transcription of the gene with two and
three repeats is five times lower and as a consequence the level of
serotonin in organism is higher [13]. Both SNPs and insertion/deletion
polymorphism were found in the promoter region of DRD4 gene [14].
This marker is worth noting in view with its possible association with
different forms of aggressive behavior [15]. Exon 3 of DRD4 gene
(DRDA4E3) contains variable number of repeats, from 2 to 11. DRD4
allele 7 was associated with a lower DRD4 sensitivity to stimuli [16].
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The (DRD2) gene contains SNP located in 3’-noncoding region (Taql
A polymorphism). Defined polymorphism may serve as a biological
marker of the expression level and function of dopamine receptor D2.
It was demonstrated that the genotypes A1/A1 u A1/A2 of DRD2 gene
are twice as frequent in people with higher level of aggression [17]. The
dopamine transporter gene (DAT1) contains VNTR in 3-noncoding
region with variable repeats number from 3 to 12. Allele with 10 repeats
was associated with higher expression level of transporter protein
and therefore with a lower accessibility of dopamine for its receptors
[16]. Codon 158 of gene catechol O-methiltransferase (COMT) has a
transition-type SNP 108A/G or Vall158Met. Vall58Met is a functional
polymorphism because the substitution of G for 108 A decreases the
enzymatic activity by a factor of 3-4 and is known as allele COMTL
[18].

Here, we analyzed all mentioned above polymorphisms of 9 genes
(AR, DRD4, DRD2, DATI, COMT, 5-HTTL, MAOA, HTRIA u
HTR2A) in judo wrestlers, and in control group of the same age.

Materials and Methods

Buccal epithelium samples for DNA analysis were collected in
Moscow 2006-2008. Participants were young men with the age range
from 18 to 30 years, including the world-class judo athletes (n=16) and
control sample for general Russian population (n=40). Young man
from control group was doing neither any fitness or amateur sport.
All participants were of Caucasian origin. All aspects of the study were
approved by the ethical committee of Moscow State University. The
consent was obtained from all subjects before they participated in the
study.

DNA extraction and DRD4Pr, DRD4E3, AR un 5HTTLPr loci
polymorphism study was performed as mentioned before [9,13]. In
table 1 there are the primers sequences and the annealing temperatures.
The polymerase chain reaction was performed with the GenePack PCR
MasterMix Core (IsoGene Lab Russia) reagent kit. The amplification
profile was the following: initial denaturation at 94°C - 4 minutes; 30
cycles consisting of three steps, including denaturation for 1 minute,
primer annealing for 1 minute at X°C (Table 1) and elongation for 1
minute at 72°C and final elongation at 72°C for 10 minutes. To identify
the TaqlA-polymorphism in gene DRD2 the amplification product
was divided into 10 ml aliquots, with one of this treated with the Taql
restriction endonucleases at 65°C overnight. To identify Vall58Met-
polymorphism in COMT gene the amplification product was divided
into 10 Ml aliquots, with one of this treated with Nla IIT restriction

Annealing

Loci Primer sequences
temperature

F5-ACAGCTGACCGTGGAGAAG-3 .
MAOAVNTR g 5. TCCGAATGGAGCGTCGTTC-3 66°C

G1019C F 5-GGCTGGACTGTTAGATGATAACG-3’

HTR1A, |R 5-GGAAGAAGACCGAGTGTGTCAT-3 60°C
A1438G  F 5-AACCAACTTATTTCCTACCAC -3

HTR2A R 5- AAGCTGCAAGGTAGCAACAGC -3’

F: 5- CCGTCGACGGCTGGCCAAGTTGTCTA-3' o
DRD2-Taq1 A R: 5-CCGTCGACCCTTCCTGAGTGTCATCA-3' 68°C

F: 5-TGCGGTGTAGGGAACGGCCTGAG-3' .
DATTVNTR | . 5. CTTCCTGGAGGTCACGGCTCAAGG-3' 68°C

F: 5-TACTGTGGCTACTCAGCTGTGC-3"
158 o
COMTM™V & 5. GTGAACTGTGTGTGAACACC-3' 55°C

* F — forward, R — reverse
Table 1: Primer sequences and annealing temperatures used loci.

endonucleases at 37°C overnight. To identify G1019C polymorphism
in HTR1A gene the amplification product was divided into 10 ml
aliquots, with one of this treated with BseGI restriction endonucleases
at 55°C overnight. To identify A1438G-polymorphism in HTR2A gene
the amplification product was divided into 10 ml aliquots, with one of
this treated with MspI restriction endonucleases at 37°C overnight.

Amplification and restriction products were separated by
electrophoresis in 2% agarose gel for loci (DRD2, DAT1, MAOA,
DRD2, 5-HTTLPR, HTR1A, HTR2A) and in 3% agarose gel (NuSieve)
for COMT locus and stained with ethidium bromide. The results were
photographed and analyzed using BioDocAnalyze device (Biometra,
Goettingen, Germany). The amplification products of loci AR and
DRD4E3 were analyzed according to protocol published before [9].

Statistical treatment of the data was performed using following
programs PopGenev.1.31, Genepop v.4.2, SPSS-15. All probabilities
obtained in multiple tests were Bonferroni adjusted.

Results and Discussion

In this study 10 polymorphisms (9 genes), connected with
dopaminergic, serotonergic and androgenic systems, suggestively
associated with personality traits, such as aggressiveness, risk taking,
neuroticism, stress-resistance, in world-class men judo athletes and
control sample were analyzed. Judo athletes and control group did
not differ significantly in distribution of allele frequencies for the most
polymorphisms tested (Table 2) except of the SNP at the COMT gene
(p=0.034, exact Fisher test).

According to the results obtained for both samples and for
the majority of polymorphisms studied, there were no significant
departures from the Hardy-Weinberg equilibrium except of the SNP
at gene HTR1A (p=0.003) in the wrestle sample. The certain deficiency
of heterozygotes was significant (D=-0.750 + 0.0625, p<0.001) in
wrestlers. This may be due to specifics of sample collection and small
sample size. The frequency of genotype G/G at this locus (Table 3) is
significantly higher in athletes than in the control sample (p=0.016,
Fisher exact test). This result is in a good accordance with the data on
more intensive expression of allele G [12].

Analysis of the genotype distributions demonstrated significantly
higher frequency of V/V genotype of the COMT gene (p=0.028, Fisher
exact test) as well as of genotype G/G at HTRIA locus (p=0.016,
Fisher exact test) in athletes comparing to controls. The difference
for the distribution of all three genotypes of the last loci was G=11.93,
d.f.=2, p=0.0026. Thus, wrestlers had a higher frequency of high-
level expression genotype V/V (V158M) for the gene for catechol-O-
methyl-transferase, which can serve as a genetic marker of their ability
to control their own physical aggression. Similar data were obtained
by [19] for women athletes: their physical aggression was significantly
reduced in a number of genotypes following V/V <M/V <M/M.

Comparing two samples with the use of Wright’s fixation index
(F,,) indicated the absence of significant differences between athletes
and the control sample for the all polymorphisms studied except
for COMT and AR. F_ values for the latter two loci were F =0.089,
p=0.039 and F_ =0.051, p=0.027, respectively, indicating the difference
in genetic structure between the control and athletes.

For the studied microsatellite polymorphism of AR gene the
average number of CAG repeats was 24.24 + 0.40. Based on the mean
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value, we divided both samples into two groups of genotypes, with a
low number of repeats (24 or less) and a high number of repeats (25
or more).

Comparison of the frequency distribution of AR genotypes in
athletes and controls using Fisher’s exact test indicated significant

Gene/ allele Judo group Control group
ps, ps,

COMT N=16 N=35
v 0.656 + 0.119 0.414 +0.083
M 0.344 £ 0.119 0.586 + 0.083
DRD4Pr N=16 N=40
L 0.781 £ 0.103 0.838 + 0.058
S 0.219+0.103 0.163 + 0.058
SHTTLPR N=16 N=40
L, 0.500 + 0.125 0.563 + 0.078
S, 0.469 + 0.125 0.388 + 0.077
L, 0.031 +0.043 0.050 + 0.034
HTR1A N=16 N=40
C 0.500 + 0.125 0.575 + 0.078
G 0.500 + 0.125 0.425 £ 0.078
HTR2A N=16 N=36
A 0.344 £ 0.119 0.375 + 0.081
G 0.656 + 0.119 0.625 + 0.081
DRD4E3 N=15 N=39
2 0.067 + 0.064 0.103 + 0.049
3 0.000 + 0.000 0.026 + 0.025
4 0.733+0.114 0.718 £ 0.072
5 0.000 + 0.000 0.013+0.018
7 0.200 £ 0.103 0.141 + 0.056
DRD2 N=16 N=38
A1 0.063 + 0.061 0.197 + 0.065
A2 0.938 + 0.061 0.803 + 0.065
DAT1 N=16 N=40
8 0.000 + 0.000 0.013+0.018
9 0.156 + 0.091 0.250 + 0.068
10 0.844 £ 0.091 0.725 £ 0.071
11 0.000 + 0.000 0.013+0.018
MAOA N=16 N=39
3 0.375+0.121 0.513 + 0.080
4 0.625 £ 0.121 0.487 + 0.080
AR N=15 N=40
17 0.000 + 0.000 0.025 + 0.025
20 0.200 + 0.103 0.050 + 0.034
21 0.000 + 0.000 0.025 + 0.025
22 0.067 + 0.064 0.200 + 0.063
23 0.267 £ 0.114 0.100 + 0.047
24 0.267 £ 0.114 0.075 + 0.042
25 0.067 + 0.064 0.100 £ 0.047
26 0.067 + 0.064 0.300 + 0.072
27 0.000 + 0.000 0.050 + 0.034
28 0.000 + 0.000 0.025 + 0.025
29 0.000 + 0.000 0.025 + 0.025
30 0.067 + 0.064 0.000 + 0.000
31 0.000 + 0.000 0.025 + 0.025

p — allele frequency, s, - standard error.
Table 2: Alleles frequencies for studied loci in Judo and Control groups.

differences between the samples (p=0.029). It was shown that the
frequency of genotypes of the androgen receptor gene with a lower
number of repeats CAG (less than 24 repeats) in male wrestlers were
significantly higher compared to control. According to the literature,
sensitivity of androgen receptors with a low number of CAG repeats
increases significantly [20].

The association between the lower number of CAG-repeats in AR
gene and masculinity, particular with the lower digit ratio (2D:4D) in
men from the population of the Hadza (traditional East African hunter-
gatherers) had been recently found [9]. Also, the data from China have
indicated that AR CAG repeat polymorphism was associated with the
exercise performance after simulated normobaric hypoxic training in
North China Han men, and that the shorter genotypes (21 repeats and
lower) had a better individual response to hypoxic training, compared
to the carries of longer variants (22 repeats and longer) [21]. It was
demonstrated, that both men and women elite athletes (wrestlers and
football players), had significantly lower 2D:4D ratios compared to
control samples [22,23]. Currently it was mentioned that variation in
AR has been linked to handedness [24,25]. Later this association had
been linked with success in fighting [26]. Although in this study we are
not discussing these correlations, taken together all the data mentioned
above, we may conclude that CAG repeats AR gene polymorphism
may be suggested as a potential gene marker of sportive success. This
conclusion confirms the original hypothesis of Manning and Taylor on
existence of correlations between the morphologic and the physiologic
masculinity and the lower number of CAG repeats in AR gene [27].

A higher frequency of genotypes L/L and L/S compared to genotype
S/S in the promoter of the serotonin transporter gene (5SHTTL) was
revealed in athletes as well as in the control group, which is consistent
with the findings of other authors [28]. In a number of studies, a high
correlation between genotypes with low expression of the serotonin
transporter (S/S, LS, L /L) and aggressive behavior was discovered
[29]. In the study of athletes, decreasing of negativism and irritability
and increasing of indirect aggression in individuals with genotype
S/S was demonstrated comparing to individuals with genotypes S/L
and L/L, which indicates the likely strengthening of control over the
emotional sphere in individuals with genotype S/S [7].

When comparing the frequency of genotypes containing allele with
7 repeats with frequencies of other variants of DRD4E3 genotypes in
judo athletes and controls, no significant differences between groups
were revealed (Table 3). Previously, an association of this variant of
DRDA4E3 with a penchant for migration and the search for novelty has
been demonstrated [30], as well as competitiveness, aggressiveness, as
well as a willingness to take big financial risks [31].

In our study, no significant differences in frequency of genotype
10/10 of the DAT1 gene in athletes and controls were discovered
probably due to the low sample size of athletes (Table 3). Previously, for
the distribution of this genotype in athletes the following features were
identified: with increasing skills of athletes (athletes of the first- and
second-classes - a candidate master — a master of sports) frequencies
of genotype 10/10 increase and reach their maximum values in the
group of candidate masters and masters of sports [32]. According to
the literature, genotype 10/10 of the DAT1 gene is associated with
antisocial behavior in adolescents, and with aggression and delinquency
[18]. Although, the differences in occurrence of 10/10 variant of DAT1

J Bioanal Biomed

Mechanisms and Gene Regulation:
Normal and Pathogenomics

ISSN:1948-593X JBABM, an open access journal



Citation: Butovskaya PR, Butovskaya ML, Vasilyev VA, Lazebny OE, Shibalev DV, et al. (2013) Molecular-Genetic Polymorphisms of Dopamine,
Serotonin and Androgenic Systems as Molecular Markers of Success in Judo Wrestling Sportsmen. J Bioanal Biomed S3: 005.

doi:10.4172/1948-593X.S3-005

Page 4 of 6
Judo Group Control Group
Genel/genotype
Hobs Hexp Hobs Hexp

COMT N=16 N=35
VIV 0.438 +0.124 0.143 + 0.059
VIM 0.438 +0.124 0.438 0.466 0.543 + 0.084 0.543 0.492
M/M 0.125 + 0.083 0.314 £ 0.078
DRD4Pr N=16 N=40
L/L 0.625 + 0.121 0.700 + 0.072
L/S 0.313+0.116 0.313 0.353 0.275 + 0.071 0.275 0.276
S/S 0.063 + 0.061 0.025 + 0.025
SHTTLPR N=16 N=40
LJL, 0.125 + 0.083 0.325 + 0.074
L/S, 0.688 + 0.116 0.425 +0.078
S,/S, 0.125 + 0.083 0.150 + 0.056
LJ/Lg 0.063 + 0.061 0-750 0-546 0.050 + 0.034 0-525 0-538
S,/Lg 0.000 - 0.050 + 0.034
Lo/Ls 0.000 - 0.000 -
HTR1A N=16 N=40
C/IC 0.438 +0.124 0.275 + 0.071
CIG 0.125 + 0.083 0.125 0.516 0.600 + 0.077 0.600 0.495
G/G 0.438 +0.124 0.125 + 0.052
HTR2A N=16 N=36
AA 0.188 + 0.098 0.111 + 0.052
AIG 0.313+0.116 0.313 0.466 0.528 + 0.083 0.528 0.475
G/G 0.500 + 0.125 0.361 + 0.080
DRDA4E3 N=15 N=39
2/4 0.067 + 0.064 0.179 + 0.061
3/4 0.000 - 0.026 + 0.025
4/4 0.533 +0.129 0.513 + 0.080
4/5 0.000 - 0.026 + 0.025

0.467 0.432 0.462 0.459
2/7 0.067 + 0.064 0.026 + 0.025
317 0.000 - 0.026 + 0.025
417 0.333+0.122 0.179 + 0.061
717 0.000 - 0.026 + 0.025
DRD2 N=16 N=38
A1/A1 0.000 - 0.026 + 0.026
A1/A2 0.125 + 0.083 0.125 0.121 0.342 + 0.077 0.342 0.321
A2/A2 0.875 + 0.083 0.632 + 0.078
DAT1 N=16 N=40
8/10 0.000 - 0.025 + 0.025
9/10 0.313+0.116 0.500 + 0.079
10/10 0.688+0.116 0:313 0272 0.450 % 0.079 0550 0417
10/11 0.000 - 0.025 + 0.025

Table 3: Genotype frequencies, observed and expected heterozygosities for the studied loci in Judo and Control groups.

gene in athletes and control group in our study were in same direction
as had been found earlier [32], i.e. the linear increase of occurrence
of 10/10 genotypes with the increase of sportive achievements in
shooting. Interestingly, the 10/10 DAT1 genotype had been associated
with antisocial behavior in adolescents [31], as well as with aggression
and delinquency [33].

Although in this study the association between the 7+ DRD4E3
genotype and athleticism we did not reach the level of significance,
the obvious positive trend was found. Earlier it was suggested that 7+
DRDA4E3 allele was selected for behaviors associated with migration,
male competitiveness, novelty seeing and risk taking [30,34].

Twin and family studies indicated that individual variations in

personality traits and behavior are determined by genetic factors
to a great extent (by almost 50%). Particularly, some of the genes
that affect the difference in aggressiveness are common for various
types of aggressive behavior and certain temperament characteristics
(emotionality and impulsivity). A common family environment is
not an important determinant of aggressiveness in adults, while the
individual environment accounts for at least half or its variance [35,36].
Obviously, environmental factors such as training, parental support
play an important role in successful sportive career, but as mentioned
above genetic factors do matter. Ten polymorphisms selected for
analysis in this study are connected to the functioning of serotonergic,
dopaminergic and androgenic systems according to other studies
presumably may be associated with resistance to psychological stress,
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emotional control, competitiveness and aggression [6-9,13,19,37].
Although the sample size in this study was quite low it is still possible
to suggest that functionally important polymorphisms of genes in
serotonergic system provide some evidence of strong selective pressure
in direction of genotypes associated with low level of free serotonin in
successful judo athletes. Due to this fact the carriers of such genotypes
are predisposed for a better control of reactive aggression. In terms
of dopaminergic system, it was demonstrated, that in elite judo
athletes, the genotypes correlated with the low level of dopamine were
overrepresented compared to control sample. Consequently, elite judo
athletes were predisposed for better control of proactive aggression as
well. The analyzed polymorphisms of COMT gene, and CAG repeats of
AR gene, thus may be applied as the biomarkers sportive achievements
in wresting.
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