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Abstract

Objectives: The genetic status of athletes plays a significant role in their success.
Considering the importance of NRF2 gene polymorphism in aerobic capacity as one of
the success factors of athletes, the purpose of this study is to investigate the NRF2 gene
polymorphism in elite karate athletes and compare it with amateur and non-athlete groups.
Materials and Methods: The statistical samples included 258 people (three groups of
elite karate practitioners, amateurs and non-athletes) with the same average age, height
and weight. Blood samples were collected in tubes containing EDTA, after DNA and PCR
extraction for determining the type of polymorphisms after preparation of primers were
electrophoresed on agarose gel using RFLP method and Mfel enzyme. To analyze the
data, simple ANOVA, chi-square and logistic regression methods were used in SPSS
version 21 software. The significance level was also determined as p<0.05. Findings: The
results showed that there was a significant intra-group difference in the distribution of A/C
marker 12594956rs NRF2 gene genotypes in the groups of amateurs (¥2=8.667, P=0.013)
and non-athletes (x2=6.494)h, P = 0.039). While this distribution showed no significant
difference between the groups (x2=3.121, P=0.528). In addition, in elite athletes,
compared to non-athletes, the frequency of NRF2: A/A genotype is higher than NRF2:
C/C with a coefficient of 1.049, and the frequency of NRF2: A/C is higher than NRF2:
C/C with a coefficient of 0.918. Conclusion: The results of the present research show the
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increase of genotypes related to the lower function of the NRF2 gene for the aerobic
energy supply system.
KeyWords: NRF2, Karate, Elite, Amateur, Polymorphism

Extended Abstract

Introduction. The genetic status of athletes plays a significant role in their
success. Evidence shows that genetic markers may explain to some extent the
variability of physical performance characteristics between individuals in
response to training (1). According to the development of technology and genetic
sciences, the human genome map related to sports performance and physical
preparation related to health was prepared by Rankinen et al (2001), also this map
is updated annually (2). The nuclear respiratory factors NRF2 coordinate the
expression of nuclear and mitochondrial genes relevant to mitochondrial
biogenesis and respiration. Carriers of a polymorphism in the sequence of
translation initiator ATG in the NRF2 gene have higher training response in
running economy than non-carriers, thus potentially explaining some of the inter-
individual variance in endurance capacity (3).

Karate is one of the most competitive martial arts that is based on physiological
principles and its one of the most complete forms of physical training (4). Doria
et al. (2009) showed that during the sequence of the Kumite, both aerobic and
anaerobic energy supply systems are involved, and with the increase or
prolongation of the fight, the role of the aerobic system increases to some extent
(5). From a genetic point of view, Batavani and Ghaedi (2022) reported that the
overall score of genes related to anaerobic function (ACE, HIFla and IGF1) in
elite karate athletes (69.8) is higher than amateur karate athletes (64.4)(6).
Although the association of single nucleotide polymorphisms related to anaerobic
performance has been investigated in elite karate athletes, the relationship of
single nucleotide polymorphisms related to aerobic performance, which is related
to mitochondrial biogenesis and endurance performance, has not been studied so
far. Since the importance of the NRF2 gene polymorphism in aerobic capacity,
the aim of this study was the comparison of NRF2 gene polymorphism
rs12594956 in elite and amateur karate-kas vs. non-athletes.

Material and Methods

This study was done on 252 healthy Isfahanian subjects sub-divided into elite (N=
86) with height (169 + 7.1 cm), weight (64.3 £ 3.1 kg), age (26 = 0.9 years);
amateur (N=80) with height (171 = 6.5 cm), weight (66.9 + 2.8 kg), age (27 £ 0.8
years); karate-kas vs. non-athlete with (N= 86) height (171 + 7.3 cm), weight (67.6
*+4.1Kkg), age (28 + 1.1 years) (mean + standard deviation) people. All groups had
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the same anthropometrics characteristic together. All subjects in elite group were
members of Iran national teams (Jounior & senior/ male & female in last decade)
who has earned a medal or good score in world, Asian, international or national
championships. All members in amateur group succeeded to take the black belt in
karate (at least four years’ experience in karate), but they didn’t succeed to get
any score or medal in aforementioned championships. The subjects were
familiarized with the experimental conditions and gave their written consent to
participate in the experiment. Further, there were no familial relation inter- and
intra-groups of subjects. The amount of 5cc blood from brachiocephalic vein was
taken in tubes include of EDTA, then DNA was extracted using modified salting-
out method. The genotyping of polymorphisms were determined by PCR using a
specific primer pair (the forward primer,
5 TAAAATGAATAAAGGTGGGGGT_3; the reverse primer,
5 TAAGAGTGGAAGGGTGGAGAA 3). PCR conditions were set, one cycle
for 5 min at 94°C as the preliminary denaturation step, 35 repetitive amplification
cycles including 30 Sec at 94°C, 45 Sec at 58°C and 60 Sec at 72°C, followed by
a final cycle for 7 min at 72°C. Amplicons, 407 bp in length were treated with the
restriction endonuclease Mfel. A 407 bp fragment corresponded to the Allele was
able to cut producing 277- and 130-bp fragments. If the length of fragment was
407, it would demonstrate C/C genotype and whether the length of fragments were
277 and 130, it would demonstrate A/A genotype, and if the length of fragments
were 130, 277 and 407 it would demonstrate A/C genotype. The restriction
fragment lengths of the products were analyzed by electrophoretic separation in
1% Agarose gel followed by staining with ethidium bromideand visualization in
transmitted ultraviolet light. The graph was prepared with the GraphPad InStat
software. Non—parametric Chi-Square and one-way ANOVA was used to assess
the statistically differences and logistic regression to assess the relation of elite
status and genotype by using the SPSS software. The level of significance was
considered at P<0.05.

Results

The results of the present study showed that there were within-group differences
in A/C genotypes frequency in amateur (AA: 37.03 %, AC: 44.4 %,
CC:18.51%)(y2=8.667, P=0.013) and non-athletes (AA:27% , AC: 46 %,
CC:27%) (42=6.494, P=0.039) groups that the AC genotype was more
significantly prevalent than two other A/C genotypes. However, there was no
significant difference between three groups (32=3.121, P=0.528) in the frequency
of A/C genotypes NRF2 gene. was
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Figure. Distribution of NRF2 gene A/C genotypes rs12594956 in elite and amateur
karate-kas and non-athlete

Conclusion

The results showed that the frequency of A/C genotypes NRF2 gene was no
different between three groups. Moreover, the results of the present study showed
the increase of genotypes related to the lower function of the NRF2 gene for the
aerobic energy supply system.

Perhaps one of the reasons for the non-significance of the distribution of
genotypes in the elite group is the small number of subjects. On the other hand,
due to the importance of different factors of physical fitness and different energy
supply systems in karate, it is necessary to investigate the genomics of karate-kas
in the form of polygenetic as total genetic score (TGS).
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Figure 1- The results of genomic DNA extraction from human peripheral blood cells
on 1% agarose gel (5 samples (typical) are shown)
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Figure 2- Investigation of genetic diversity in NRF2 gene
Lane 1: AA genotype, Lane 2: CC genotype, Lane 3: AC and M genotypes are DNA
100 bp ladder
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Table 3. Distribution of different genotypes of rs12594956 marker in elite, amateur
and non-athlete populations

Groups NRF2 A/C% 955 09y SS 2955 o S|
P genotypes Intragroup Intergroup
oy S differences differences

AA AC CC

Elite
) 282 487 2307 (P-0.116 47-4.308)
o
AMEEUT 3703 444 1851 (-00132-8667) (P-0.528 -3.121)
Pl
Non-Athlete 46 27 (P-0.039 42-6.494)
)59 a8
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Figure 3. The distribution of different genotypes of the 12594956rs marker of the

NRF2 A/C gene in the non-athlete, amateur and elite population in male and female
groups
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1. Multinomial Logistic Regression
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Table 4- The results of multinominal logistic regression test related to 12594956 rs

95% Confidence Interval for
Condition? Odd Ratio Exp(B)
Lower Bound  Upper Bound
Elite NRF2 gene= AA 1.049 0.487 2.257
. NRF2 gene= AC 0.918 0.460 1.832
= NRF2 gene= CC 1.000 ~ ~
Amateur NRF2 gene= AA 1.701 0.898 3.224
L NRF2 gene= AC 1.312 0.730 2.360
7 NRF2 gene= CC 1.000 . .
a. The reference category is: Non-Athlete
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