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GENOME-WIDE ASSOCIATION STUDY
OF ENDURANCE GENES IN PROFESSIONAL WRESTLERS

The study aimed to identify genetic factors associated with endurance in professional wrestlers from
the Republic of Kazakhstan using a genome-wide association study (GWAS). The dataset included 58
elite combat-sport athletes and 60 non-athletic controls. Genotyping was conducted on the iScan plat-
form (lllumina) with the Infinium Global Screening Array-24. Quality control procedures in PLINK v1.9
and subsequent analyses in R (qgman) retained 296,772 SNPs after filtering for call rate, Hardy—Wein-
berg equilibrium, minor allele frequency, and exclusion of sex-chromosomal and mitochondrial variants.
Principal component analysis showed no substantial population stratification, and the genomic inflation
factor . = 1.02) indicated minimal confounding. At the suggestive significance level (p < 1x1079),
several loci showed differences between athletes and controls, including rs12916133, rs7765401, GSA-
rs1682809, and rs4777639. These variants are located near PPEF2, SV2B, CDC37L1, and the non-cod-
ing region LOC105370982, which are genes and regulatory elements involved in calcium-dependent
signaling, synaptic regulation, proteostasis, and muscular adaptation. Although none reached genome-
wide significance (p < 5x1078), the detected trends point to a contribution of regulatory and neurometa-
bolic pathways to endurance-related traits in wrestlers.

The study is limited by the moderate sample size and the need for replication in independent Ka-
zakhstani and international cohorts. Nevertheless, the findings form a basis for personalized training
strategies and future integrative multi-omics research in sports genomics.

Keywords: GWAS, single nucleotide polymorphism (SNP), endurance, sports genetics, wrestlers,
genetic polymorphism.
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Kaciou 60opbiCLbIAAPAAFbI LUBIAAMADBIAbIKIEH 6aiAaHbICTDI
KeH, ayKbIMAbI TeHOMADIK, accolimaTuBTi 3eptrey (GWAS)

3eptTeyaid MakcaTbl — KasakcrtaH Pecnyb6avkacbiHbiH Kaciby  GaAyaHAApbIHAQ TO3IMAIAIK
deHoTMNIMEH OaliAaHbICATbIH FEHETMKAABIK, (haKTOPAAPAbl KEH ayKbIMAbl F€HOMABIK aCCOLUMATUBTI
Tanpay (GWAS) aaici apkblabl aHbikTay. IpikTemere 58 ><ofapbl GiAIKTI >Kekne-Kek CriopTublAapbl
>koHe GakblAay TOObIHA CrOPTThIK, TaXipnbeci »ok, 60 KarbiCyubl aAbiHAbL. [eHoTunTey [llumina
iScan naargopmacbiHaa Infinium Global Screening Array-24 >xuHarbl apkblAbl >Kyprisiaai. PLINK
v1.9 6GarpapAamacbiHAa CanaAblK, CY3riaeH ©TKi3y >koHe R TiAiHAeri (qgman nakeTi) CTaTUCTMKAABIK,
TaAAQyAaH KeiiH reHoTunTey canacbl, Xapar—BaitHGepr TeHAIri, MUHOPABI aAAeAb XKMIAIri xxeHe X/Y
XPOMOCOMAAApPbl MEH MUTOXOHAPMSIABIK, HYCKaHbI aAbIr TacTay kpuTepuiiaepiHe cankec 296 772 SNP
TaAAQHAbI. Heri3ri KOMNOHeHTTep TaAAQybl HaKTbl MOMYASLMSAbIK, CTPATU(MPUKALUMSHBIH XXOKTbIFbIH,
aA TeHOMADIK, MHPASUMS KoapdpuumeHTi (A = 1.02) waTacTbipylbl (hakTOpAAPAbIH, TOMEH AEHreiH
KepceTTi. BOAXKaMABI MaHbBI3AbIAbIK, WeriHAe (p < 1x1075) cnopTiubiaap MeH 6akbiAay TOObl apacbiHAA
anblpMallbiAbIFbl 6ap GipHewe AOKYC aHblKTaaAbl: 1s12916133, rs7765401, GSA-rs1682809 >xaHe
rs4777639. ByA BapuaHTTap KaAbLMil CUFHAAM3aUMSIChbl, CMHANTUKAAbIK 6GepiAic, npoteocTtas xaHe
KaHKa OYALIbIKETIHIH 6eriMaeAy npouecTepiHe KatbicatbiH PPEF2, SV2B, CDC37L1 reHaepiHe xeHe
LOC105370982 KOATAaAMaMTbIH ariMarblHA >KAKbIH OpHaAackaH. »KaAmbl reHOMABIK, MaHbI3ABIAbIK,
AeHreltiHe (p<5x107%) »eTnereHiHe KapamacTaH, aAblHFaH HOTUMXEAEP TO3iMAIAiKKe ocep eTeTiH
peTTeyLli KaHe HEMPOMETAOOAMKAABIK, YKOAAAPAbIH MaHbI3blH KOPCETEA|.
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3epTTeyAiH LekTeyAepi — ipiIKTEMEHIH CaAbICTbIPMAAbl TYPAE LUAFbIH KOAEMI MEH HaTUXeAepAi
KaszakcTaHHbIH XHe XaAblKapaAbIK, TOYEACI3 KOrOPTaAapbIHAQ KAMTaAar TEKCepy KAXKETTIAIrN 60AaAbI.
CoraH KapamacTtaH, 6yA AepekTep CropTTbIK, FEHOMUKA CAAAChIHAQ >KeKe BaFbITTaAFaH XaTTbIFy CTpa-
TerusinapbiH 93ipAeyre XeHe MyAbTUOMABIK, 3ePTTEYAEPAI AaMbITyFa Heri3 60Aa aaAbl.

Tyiin cesaep: GWAS, SNP, Te3iMAIAIK, cropT reHeTuKachl, 6baAyaHAap, rEHETUKAABIK, OAMMOpP-
hursm.
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TeHOM-LUMPOKOe acCOLMAaTUBHOE UCCAEAOBAHUE TEHOB BbIHOCAMBOCTH
y npochpeccroHaAbHbIX 60pLOB

Lleabto paboTbl GbIAO BbISIBAEHME FEHETUYECKMX AETEPMUHAHT, CBA3AHHbIX C Pa3BUTMEM BbIHOC-
AMBOCTU Yy npodeccroHaAbHbix 6opLoB Pecrnybankm KasaxcTaH, C MCMOAb30BaHMEM METOAQ LLMPOKO-
reHOMHOro accounatuBHoro aHaamsa (GWAS). B nccaepoBaHme GbiAM BKAIOUEHbI 58 BbICOKOKBAAM(U-
LMPOBaHHbIX CMIOPTCMEHOB EAMHOBOPCTB 1 60 YYaCTHUKOB KOHTPOAbHOM TPYMrbl, HE 3aHMMAlOLLMXCS]
croptom. [eHOTUNMPOBaHME BbINMOAHEHO Ha naatdgopme iScan (lllumina) ¢ McnoAb3oBaHrem Habopa
Infinium Global Screening Array-24. Nocae npoueayp kadectsa B PLINK v1.9 1 nocaeaytouieit cratu-
cTryeckorn 06paboTkm B R (maket ggman) aast aHaan3sa 6bIA0 ocTaBAeHo 296 772 SNP-BapuaHTa, npo-
LeAWrx (UAbTPbI MO YaCTOTE FeHOTUMNMPOBAHMS, paBHOBecUIo XapAr—BarHbepra, MUHOPHOM aAAeAb-
HOM YaCTOTe N MCKAIOYEHMIO BapUAHTOB X-, Y-XPOMOCOM 1 MUTOXOHAPMaAbHOM AHK. AHaAM3 rAaBHbIX
KOMTMOHEHT He BbISIBUA BblpaXk€HHOM CTpaTUdMKaLMKM NONYyAILUMK, a KOIPDULMEHT FreHOMHON MHPAS-
umm (A = 1.02) NOATBEPAMA OTCYTCTBME CYLLLEECTBEHHbIX CMeLlumnBatomx pakTopos. Ha ypoBHe npeaAmno-
AOXKMTEABHOM 3HaUMMOCTH (p < 1x1075) ObIAM MAEHTUMDUUMPOBAHBLI AOKYCbl, PA3AMYAIOLLMECS MEXKAY
crnopTcMeHamm 1 KoHTpoAem: 1512916133, rs7765401, GSA-rs1682809 m rs4777639. 3Tu BapmaHThbl
pacrioaaraioTcs B6AmM3n redos PPEF2, SV2B, CDC37L1 n Hekoampytowern obaactn LOC105370982,
YYaCTBYIOLWMX B KAAbLMII-3aBUCMMOM CUIHAAM3aLMK, PEryASLMM CUHAMNTUUECKONM nepeaayu, noasep-
>KaHMM MPOTeoCTasa M apanTauum CKEAETHOM MbiliLbl. XOTs HU oanH SNP He AocTur o6LereHoMHOro
YPOBHSI 3HaUMMOCTH (p < 5x1078), BbISBAEHHbIE TEHAEHLMU CBUAETEABCTBYIOT O POAU PETYASITOPHBIX U
HepoMeTaboAMYECKMX MEXAHN3MOB B PA3BUTUM BbIHOCAMBOCTH Y GOPLIOB.

OrpaHnYeHIMM UICCAEAOBAHMS IBASIIOTCS CPAaBHUTEABHO HEGOABLLON pasmep BbIBOPKM 1 HEOOXO-
AMMOCTb NMOATBEPXKAEHMS PE3YAbTATOB B HE3ABMCHMMbIX Ka3aXCTAHCKMX M MEXKAYHAPOAHbIX KOFOPTHbIX
BbIGOpKax. Tem He MeHee MOoAyUeHHble AaHHbIE (POPMMPYIOT OCHOBY AAS Pa3paboTKM NMEPCOHAAM3UPO-
BaHHbIX TPEHMPOBOYHbIX MOAXOAOB M AQAbHENLIMX MYAbTUOMHbIX MCCAEAOBAHMI B CMOPTUBHOM FeHo-
MUIKE.

KatoueBble caoBa: GWAS, 0AHOHYKAEOTUAHBIN NoAMMopdr3m (SNP), BBIHOCAMBOCTb, CMOPTUBHAS
reHeTunka, 6opb6a, reHeTMUeckas BapuabeAbHOCTb.

Introduction

Sports performance and success in elite athletic
disciplines reflect multifactorial phenomena shaped
by the interplay of genetic determinants, pheno-
typic adaptations, and environmental influences.
Among the key components of athletic capacity,
endurance — typically assessed through VO,max/
VO,peak, cardiorespiratory fitness (CRF), and in-
dices of aerobic metabolic efficiency which have
a distinct polygenic architecture, as demonstrated
by large-scale genomic studies conducted in recent
years (Williams et al., 2017; Zhao et al., 2020).

According to Ahmetov et al. (2023), a total of
251 genetic markers have been reported in asso-
ciation with diverse athletic performance traits. Of
these, only 128 markers (~51%) have been replicat-

ed in at least two independent studies, including 41
associated with endurance, 45 with power/strength,
and 42 with mixed phenotypes (Semenova et al.,
2023).

A recent narrative review by Barkin Bigake1
et al. (2024) highlighted the genes ACTN3, ACE,
PPARA, VEGFA, and ADRB2 as key contributors
to endurance phenotypes. However, the authors em-
phasized the need for multi-omics approaches and
larger, standardized cohorts to ensure robust infer-
ence (Bicakg et al., 2024).

The shift from the traditional candidate gene para-
digm to genome-wide association study (GWAS) has
enabled the identification of dozens to hundreds of in-
dependent loci of small individual effect, which collec-
tively explain a meaningful proportion of the variabil-
ity in CRF and endurance-related traits. Multicenter
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GWAS have revealed the involvement of pathways
related to mitochondrial biogenesis, calcium homeo-
stasis, endothelial function, and neuromuscular regula-
tion (Eynon et al., 2011; Zhao et al., 2020).

Despite significant progress in population-based
cohorts, the translation of genomic findings to sport-
specific disciplines remains limited as most existing
studies have been conducted in cyclic endurance
sports (e.g., running, cycling), whereas combat sports,
including wrestling, are largely underrepresented.
The competitive profile of wrestlers is characterized
by high-intensity intermittent load patterns, substan-
tial reliance on buffering capacity, and a pronounced
demand for aerobic compensation, which may indi-
cate a distinct genetic architecture underlying their
performance traits (Youn et al., 2021).

Recent domain-specific research indicates that
genes such as PPARGCI1A, PPARA, AMPDI,
NRF1/NRF2, and ACTN3 play roles in the regu-
lation of energy metabolism, oxidative phosphory-
lation, and resistance to fatigue (Maksimycheva,
2023; Tharabenjasin et al., 2019). Nevertheless,
large-scale meta-analyses highlight substantial het-
erogeneity of genetic effects across ethnic groups
and among diverse athletic specializations (Psatha
et al., 2024; Ramadan et al., 2025).

Kazakhstan has long-standing and successful
traditions in a wide range of combat sports — in-
cluding Kazakh kuresi, Greco-Roman and freestyle
wrestling, judo, sambo, karate, tackwondo, and Bra-
zilian jiu-jitsu — with national athletes consistently
demonstrating strong performance at international
competitions. Owing to this rich athletic heritage,
Kazakhstani combat-sport athletes represent a highly
valuable cohort for investigating the genetic founda-
tions of elite performance. A deeper understanding
of their genetic predispositions Kazakhstani athletes
may contribute to advancing personalized sports
medicine and strengthening the country’s position
in the rapidly developing field of sports genomics.

In the present study, we applied genome-wide as-
sociation analysis among professional combat-sport
athletes from Kazakhstan to identify single nucleo-
tide polymorphisms (SNPs) associated with endur-
ance-related athletic characteristics, evaluate their
relevance for endurance-related physiological traits,
and explore their potential application in the develop-
ment of an athlete’s genetic performance profile.

Materials and methods
Peripheral blood samples stabilized with EDTA

were collected from 58 elite combat-sport athletes
specializing in wrestling (Masters of Sport and Can-
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didates for Master of Sport (Republic of Kazakh-
stan), all of whom were medalists at national and
Asian championships. The control group consisted
of 60 non-athlete volunteers with no history of sys-
tematic sports training. All participants provided
written informed consent prior to enrollment. The
study protocol was approved by the Local Ethics
Committee of the Institute of Genetics and Physiol-
ogy, Ministry of Science and Higher Education of
the Republic of Kazakhstan (Protocol No. 5, dated
July 25, 2022).

Genomic DNA was extracted from frozen
(=20°C) stabilized peripheral blood samples treated
with EDTA using the GeneJet Genomic DNA Puri-
fication Kit (Thermo Scientific, USA) and the Re-
liaPrep Blood gDNA Miniprep System (Promega,
USA), according to the manufacturers’ protocols.
DNA samples were stored at —20°C until analysis.

The concentration and purity of the isolated
DNA were evaluated using a NanoDrop One spec-
trophotometer (ThermoScientific, USA), a Quantus
fluorometer (Promega, USA), and 1.0% agarose gel
electrophoresis. Only DNA samples with an A260/
A280 purity ratio of 1.75-1.80 were included in
subsequent genotyping. Samples containing RNA
contamination (a ratio of 1.8-2.0) or protein impu-
rities (ratio 1.5—1.7) were additionally washed and
ethanol-precipitated to achieve the required purity.

Genome-wide SNP genotyping was performed
using the Infinium Global Screening Array-24 Kit
(Illumina, USA), containing 654,027 genome-wide
markers. Genomic DNA samples were required to
meet quality criteria, including a minimum concen-
tration of 50 ng/uL and an A260/A280 purity a ratio
of 1.75-1.80. Library preparation and sample han-
dling were performed on the Freedom Evo automat-
ed workstation (Tecan, USA). Genotyping was then
conducted on the Illumina iScan System following
the Infinium HTS Automated Workflow provided
by the manufacturer.

Initial processing of the SNP genotyping data
was performed using GenomeStudio v2010.3 (Illu-
mina, USA), ensuring a minimum call rate thresh-
old of 98%. The bioinformatic pipeline included:
verification of cluster and genotype quality (p <
0.05), determination of chromosomal location
of SNPs (autosomal, sex chromosomes, mitochon-
drial genome), assessment of genotype status (ho-
mozygous/heterozygous at polymorphic loci). SNPs
located in mitochondrial DNA and sex chromo-
somes were excluded, leaving only autosomal vari-
ants for downstream analyses.

A case—control genome-wide association analy-
sis was carried out in PLINK v1.9. The quality con-
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trol workflow involved excluding individuals with
more than 10% missing genotypes (--mind 0.1),
SNPs with a call rate below 95% (--geno 0.05), and
markers deviating from Hardy—Weinberg equilib-
rium (--hwe 0.001). Following the application of
these filters, a total of 296,772 SNPs were retained
for downstream association testing.

Data visualization was conducted in R v4.2.2
using the qgman package (Turner, 2018), and func-
tional annotation of significant SNPs was performed
using the BioMart package (Durinck et al., 2005,
2009).

Results and discussion
To ensure the validity of the genome-wide asso-
ciation analysis (GWAS), we first evaluated wheth-

er population stratification was present, as violations
of genetic homogeneity can lead to spurious associ-

Figure 1

ations. For this purpose, a principal component anal-
ysis (PCA) was performed to visualize the extent of
genetic similarity and differentiation among study
participants. PCA reduces the multidimensional
structure of genome-wide variation into a lower-
dimensional space in which the distances between
individuals reflect their relative genetic proximity.

Principal component analysis (PCA) demon-
strated that the athlete cohort did not form a distinct
genetic cluster and was not genetically differentiat-
ed from the control group. A substantial overlap was
observed in the distribution of individuals from both
groups, indicating the absence of significant popula-
tion stratification (Fig. 1). This finding supported the
validity of the cohort formation strategy and sug-
gested that the observed associations were unlikely
to result from underlying population structure, but
rather reflected genuine genetic effects related to the
endurance phenotype.

PCA on genetic similarity between athletes and control cohorts
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A genome-wide association study (GWAS)
was conducted to identify genetic factors associ-
ated with endurance in professional wrestlers.
Several single nucleotide polymorphisms (SNPs)

Group

Wrestling
@ Control
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showed statistically significant associations with
studied phenotype. As shown in Figure 2A, the
distribution of p-values is presented in a circular
Manbhattan plot, where —log,o(p) values are plotted
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against the chromosomal positions of the respec-
tive SNPs.

Among the variants exceeding the predefined
suggestive significance threshold (p < 1x107°), the
loci rs7765401, rs12916133, rs3861632, and GSA-
rs1682809 were identified, indicating plausible asso-
ciations with endurance-related traits. These loci war-
rant further functional characterization due to their
biological plausibility and statistical significance.

For example, the frequency of the A allele of
rs12916133 in the general population was 0.421,
whereas in the athlete group it was 0.3525, sug-
gesting possible adaptive genetic differences be-
tween wrestlers and non-athletes. Comparable al-

Figure 2

lele frequency differences were also observed for
rs3861632, rs4777639, and rs7321868. These find-
ings allowed to evaluate the contribution of the
identified factors to the endurance phenotype forma-
tion and provided a foundation for ethnogenetic and
functional analyses.

The circular Manhattan plot illustrated the dis-
tribution of SNP markers across all chromosomes
(Fig. 2a). The radial axis represented the level of sta-
tistical significance (—log, (p)). One SNP exhibited
the strongest association signal and was highlighted
in the outer ring of the plot, indicating its potential
relevance to the endurance phenotype in profession-
al wrestlers.

(a) Circular Manhattan plot of GWAS results; (b) O—Q plot based on SNP-specific p-values, analysed independently of sport

specialisation while accounting for the predisposition profile
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To evaluate the distribution of p-values and as-
sess potential statistical inflation, a quantile-quan-
tile (Q—Q) plot was constructed (Fig. 2b). The
observed —log, (p) values closely followed those
expected under the null hypothesis, indicating the
absence of systematic bias, population stratification,
or technical artefacts that could have influenced the
results. A slight deviation in the upper right tail of
the distribution reflected the presence of true asso-
ciations identified in the analysis and corresponded
to the significant SNP markers detected.
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Observed —logo(p)

Expected —logg(p)

Thus, the GWAS identified several SNPs sig-
nificantly associated with the endurance phenotype.
The results of quality control procedures, PCA, and
Q—Q analysis supported the robustness of the model
and confirmed the absence of systematic bias. These
findings provided a basis for further functional in-
terpretation of the identified loci and for in-depth in-
vestigation of the molecular mechanisms underlying
endurance development in athletes.

Following this, odds ratios (ORs) were calculat-
ed for the identified variants, and the results are pre-
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sented in Table 1. Notably, the markers rs12916133
(p = 1.15x10™°, OR = 0.3121), rs7765401
(p = 4.77x107°, OR = 2.965), GSA-rs1682809
(p = 7.24x107°, OR = 3.01), and rs4777639
(p = 7.89x107°, OR = 0.2611) showed the highest
level of association with endurance-related perfor-

Table 1

mance indicators. Several of the detected variants
such as rs12916133 and rs7321868 — indicate a pos-
sible protective effect (OR < 1), while others, in-
cluding 157765401 and rs1682809, may be associat-
ed with physiological characteristics that contribute
to enhanced endurance capacity.

SNPs identified by GWAS and associated with endurance performance in professional wrestlers

CHR SNP BP Al F_A F_U A2 CHISQ P OR
4 GSA-rs13147538 76818367 A 0.02459 0.1864 G 16.84 4.07E-05 0.11
6 1s7765401 9104960 A 0.5656 0.3051 G 16.54 4.77E-05 2.965
9 GSA-rs10751500 | 136057106 A 0.582 0.3305 G 15.28 9.28E-05 2.82
9 GSA-1s7848725 4678754 G 0.5902 0.339 A 15.21 9.64E-05 2.808
13 rs7321868 64864846 A 0 0.1186 G 15.37 8.83E-05 0
14 1s3861632 78540046 T 0.2705 0.5254 C 16.3 5.40E-05 0.3349
15 rs12916133 91705749 A 0.3525 0.6356 G 19.24 1.15E-05 0.3121
15 rs4777639 93810409 A 0.1066 0.3136 G 15.58 7.89E-05 0.2611
19 GSA-rs1682809 3165895 A 0.4836 0.2373 G 15.75 7.24E-05 3.01

Several genetic loci associated with endurance
performance in professional wrestlers were identi-
fied. Functional characterisation of these loci may aid
the clarification of the biological pathways through
which they influence endurance-related phenotypes.
The PPEF?2 gene (rs13147538), located on chromo-
some 4 (4¢25), encodes a serine/threonine phos-
phatase containing EF-hand-like calcium-binding
domains. The SNP rs13147538 was situated within
the intronic region and the 5'-untranslated region
(5'-UTR), suggesting a potential regulatory role in
gene transcription. Although direct evidence linking
this factor to endurance performance was lacking,
phosphatases were known to regulate energy me-
tabolism, calcium signalling, and cellular stress re-
sponses. These processes are central to physiologi-
cal adaptation during prolonged physical exercise.
Therefore, regulatory variation in the PPEF2 gene
may affect molecular pathways that determine re-
covery dynamics and endurance. Further studies,
including eQTL analyses and promoter activity
experiments, are needed to clarify the functional
role of this variant (ENCODE Project Consortium,
2020; NCBI, 2025; UniProt Consortium, 2024). The
rs7765401 variant is located in an immunoregulato-
ry region on chromosome 6 that includes the HLA-
C and MICB genes. Although this SNP has not been
directly characterized in previous GWAS studies,
literature reports indicate that endurance athletes

show increased expression of mitochondrial oxida-
tive metabolism genes and reduced inflammatory
activity in peripheral leukocytes. These data suggest
that immuno-inflammatory regulation and recovery
play an important role in endurance adaptation (Liu
etal., 2017).

Overall, our results support a multilevel ge-
netic architecture of endurance. This architecture
encompasses several biological mechanisms, in-
cluding fatty acid metabolism (RAB8A), immune
regulation (HLA), and membrane glycolipid stabil-
ity (GBGT1). The variant rs10751500, located near
the GBGT1 gene on chromosome 9, also showed an
association with endurance (OR = 2.82). GBGT1
encodes a glycosyltransferase involved in the bio-
synthesis of glycolipids. These glycolipids con-
tribute to the formation of membrane rafts, which
in turn ensure the assembly of receptor complexes
and membrane stability. Current studies suggest
that membrane glycolipids play an important role in
modulating stress-response signaling pathways acti-
vated during high-intensity exercise (National Cen-
ter for Biotechnology Information, 2025; Furukawa
et al.,, 2016). The rs10751500 variant may reflect
genetic differences in membrane organization and
signaling that influence muscle adaptation to exer-
cise load.

The CDC37L1 gene (rs7848725), located in an
intronic region on chromosome 9, influences gene
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expression and supports the proper assembly and
stability of proteins under stress conditions. The
roles of molecular chaperones in maintaining pro-
teostasis are well known. This locus is a promising
candidate for sports genomics (Li et al., 2021; Peak
et al., 2021). rs7321868 is located on chromosome
13. This variant was not found in any of the ath-
letes, but was detected only in the control group
(OR — 0). The closest functional gene is SPRY?2,
which is an inhibitor of the MAPK/ERK signaling
pathway. This pathway is crucial for muscle re-
generation, plasticity and hypertrophy. Increased
SPRY?2 activity has been shown to reduce MAPK-
mediated adaptive responses and may negatively
(Milillo et al., 2015). Satellite cells, the cell cycle,
and skeletal muscle regeneration. affect muscle re-
covery and exercise tolerance (Forcina & Rudnicki,
2019; Dumont et al., 2015).

rs3861632, located near the DLGAPS gene on
chromosome 14, showed a clear protective effect
(OR = 0.33). DLGAPS is involved in the regulation
of the cell cycle. Therefore, rs3861632 may be a
marker that reflects individual differences in regen-
erative potential among athletes (Chen et al., 2024)

The SV2B gene (rs12916133), located on chro-
mosome 15, is involved in the regulation of synaptic
neurotransmitter release. Intronic rs12916133 may
affect gene expression and the efficacy of neuronal
signal transmission (Morgans et al., 2009; Stout et
al., 2019). Since neuromotor coordination and rapid
reaction times are particularly important in combat
sports, this locus, although not directly associated
with endurance, may indirectly influence athletic
performance. The noncoding locus LOC105370982
(rs4777639) on chromosome 15 is located in an in-
tronic region and is likely to affect transcriptional
regulation or alternative splicing. Given that a sig-
nificant proportion of GWAS signals associated
with athletic traits are located in noncoding regula-
tory elements, rs4777639 is a promising candidate
for functional annotation, such as chromatin acces-
sibility analysis or enhancer activity studies (EN-
CODE Consortium, 2020). Another variant of par-
ticular interest is GSA-rs1682809, located near the
RABS8A gene on chromosome 19. According to the
literature, RAB8A functions as a lipid droplet recep-
tor involved in the delivery of long-chain fatty acids
to mitochondria and facilitates B-oxidation (Ouyang
et al., 2023). Since endurance performance is direct-
ly dependent on the ability of muscles to use fat as
a primary energy source, the observed association
(OR = 3.0) suggests that this variant may enhance
metabolic adaptation.
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Conclusion

In this genome-wide association analysis,
nine single nucleotide polymorphisms (GSA-
rs13147538, rs7765401, GSA-rs10751500, GSA-
rs7848725, 1s7321868, 153861632, rs12916133,
rs4777639, and GSA-rs1682809) were identified as
significantly associated with athletic performance
traits in professional wrestlers. Of particular inter-
est are the loci situated within genes that may serve
as novel candidate markers influencing the devel-
opment of aerobic capacity and endurance-related
phenotypes. The functional characteristics of these
genes — including their involvement in calcium
signaling, synaptic transmission, and proteostatic
regulation — are consistent with the physiological
mechanisms underlying adaptation to prolonged
and high-intensity physical exertion in combat-sport
athletes.

The obtained results expand the existing cata-
log of genetic determinants contributing to interin-
dividual variability in sports performance and fur-
ther support the polygenic nature of endurance and
recovery-related traits. Despite the limited sample
size and the need for subsequent functional valida-
tion, this study provides a foundation for future rep-
lication efforts and multi-omics research focused on
athletic populations from Central Asia. Integrating
genomic insights into training practices may signifi-
cantly enhance precision sports medicine and enable
personalized athlete development in Kazakhstan.
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