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ASSOCIATION BETWEEN RS10735810 POLYMORPHISM OF
THE VITAMIN D RECEPTOR (VDR) GENE AND THE
DEVELOPMENT OF PHYSICAL QUALITIES IN UKRAINIAN
ATHLETES FROM THE SUMY REGION

Introduction. Modern scientists have identified more than 25 thousand
polymorphisms of the VDR gene, some of which, in particular, rs10735810,
are associated with the development of physical qualities: speed and
strength. Regarding the Ukrainian population, the results of the influence of
the rs10735810 polymorphism on the development of speed and power
qualities in track and field athletes are contradictory and ambiguous. Data on
the relationship with speed and power qualities in track and field athletes are
absent. Therefore, we have begun our own research to study the role of the
1rs10735810 polymorphism of the VDR gene in the development of speed
and power qualities of track and field athletes of the Sumy region of
Ukraine.

Objective. The aim of the study was to study the distribution of
rs10735810 polymorphic variant of the VDR gene in athletes of the Sumy
region of Ukraine.

Materials and methods: The buccal epithelium of 228 individuals
living in the Sumy region of Ukraine was used for the study (104 athletes,
including: a group of athletes with sports categories and a group of athletes
with sports titles; control group — 124 individuals). Anthropometric methods
were used to calculate body mass index (BMI). Genotyping of athletes and
individuals of the control group for the rs10735810 polymorphism of the
VDR gene was performed using polymerase chain reaction with subsequent
restriction fragment length polymorphism (PCR-RFLP). Statistical analysis
of the results was performed using SPSS software (version 25.0).

Results. The distribution of genotypes by rs10735810-polymorphism of
the VDR gene in the group of athletes was as follows: in athletes with a high
rank, the ratio of homozygotes for the F-allele (F/F), heterozygotes (F/f) and
homozygotes for the f-allele (f/f) is 64.28%, 14.29% and 21.43%; in the
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group of athletes with ranks — 47.8%, 25.5% and 26.7%; and in individuals
from the control group — 27.4%, 48.4% and 24.2%, respectively. The
differences in the distribution of different genotype variants in these groups
are beyond statistical significance (P < 0.01). There are statistically
significant differences between female and male athletes with Fokl
polymorphism (y*> = 10.01; P < 0.05). The difference in the frequency of
female and male individuals with the F/F genotype in the comparison
groups is present (* = 9.69, P < 0.05), unlike the F/f genotype in (}> =
6.051; P =7.84) and f/f genotype () = 1.263; P = 0.93). A significant effect
of the Fokl polymorphism of the 2nd exon of the VDR gene on the presence
of sports achievements was found. The ratio of allelic variants of the VDR
gene according to the Fokl polymorphism (F/F, F/f, f/f) in women in the
group of people with sports categories was 48.8%, 23.3% and 27.9%, while
in men the corresponding indicators were 46.8%, 27.7% and 25.5%. These
results indicate the presence of statistically significant differences between
female and male athletes with sports categories (x> = 10.01; P < 0.05). In
women, there are no significant differences between height, weight and
BMI. As for the data in the group of men with sports categories, the
following can be determined. Height and BMI indicators in both men and
women with high sports achievements did not show significant differences
(P > 0.05), that is, it can be concluded that the Fokl VDR polymorphism
does not affect height in this group of men. But if we analyze the data on
body weight in the group of men, we can observe statistically significant
differences (P < 0.05), which may indicate a possible influence of the Fokl
genotype on weight, unlike women.

Conclusions. In the Sumy region of Ukraine, the F allele according to
the rs10735810 polymorphism of the VDR gene in high-class athletes is
dominated by individuals with the F/F genotype, and in untrained people,
the heterozygous genotype — F/f — prevails. Thus, in the male group, as in
the female group, a tendency can be observed that people with sports titles
and ranks were more likely to have the dominant F/F genotype. When
studying the ratio of individuals of different sexes with the F/F genotype in
the control group, the group of individuals with sports ranks and the group
of individuals with high sports ranks, statistically significant differences
were found. The difference in the frequency of female and male individuals
with the F/F genotype in the comparison groups is present (x> = 9.69, P <
0.05). Thus, the analysis of associations of the Fokl polymorphism of the
VDR gene indicates that these polymorphisms indeed have a potential role
in modulating physiological processes that determine the functional state of
the athletes' body, which confirms our study.

Keywords: gene polymorphism, vitamin D receptor (VDR), athletes.
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AHAJII3 3B’A3KY RS10735810 ITIOJIIMOP®I3MY I'EHA VDR I3
PO3BUTKOM  ®IBUYHUX SKOCTEH  YKPAIHCBKHUX
JETKOATJIETIB CYMCBKOI'O PET'TOHY

Beryn. CywacHi HayKoBII  BHAULIIOTH TOHax 25  THCSY
nomiMopdizmie TeHa VDR, geski 3 Hux, 30kpema 1s10735810,
acoliioBaHi 3 PO3BUTKOM (i3WUHMX sIKOCTEH: mBHIKOCTI Ta crd. Ll{omo
yKpaiHCbKOi — momyiamii, To  pe3ymbTatd BBy  1s10735810
nosiMopdi3My Ha PO3BUTOK IIBUIKICHO-CHJIOBUX SKOCTEU JIETKOATJIETIB
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CylepewInBi Ta HEOAHO3HAauHi. JlaHi II0OMO 3B’SA3Ky 3 MIBHIKICHO-
CWJIOBUMH SIKOCTSIMH JIETKOATJICTIB BiICyTHI. ToMy Hamu OyJio po3modare
BJacHE MOCIIPKEHHS moAo BuBUeHHsA pomi rs10735810 momiMopdizmy
rerka VDR y pO3BUTKY IIBHAKICHO-CHJIOBHX SIKOCTEH JIETKOATJICTIB
CyMCBKOTO perioHy YKpaiHH.

Meta pobotn: BuBUeHHA po3nopiay rsl0735810 momimopdrOTO
Bapianty reHa VDR y nerkoarnieriB CyMchKOro periony Ykpainu.

Marepiann Ta meromm: J[ns mociipkeHHs Oyino BHKOPHCTaHO
OykkanbpHUHA emitenii 228 ocib, mo MemkaioTh y CyMCbKOMY perioHi
VYxpainu (104 nerkoatneT, cepel| SIKMX: Tpyla CHOPTCMEHIB, 110 MalOTh
CIIOPTUBHI PO3PSIH Ta IPyNa CIIOPTCMEHIB, 1[0 MAIOTh CIIOPTUBHI 3BaHHS;
rpyna KoHTpoo — 124 ocobm). Bynmu BUKOpHCTaHI aHTPONOMETPHUYHI
METOl, PO3PaxyHOK iamekcy wmacu Tima  (IMT).
I'eHOTHITYBaHHS CIIOpTCMEHIB Ta Oci® rpymu KoHTpomo 3a 1rs10735810-
noiMopdizmMom reHa VDR mpoBomumm 3a IOMOMOTor0 MHONiMeEpa3Hoi
JIAHIIOTOBOI peakmii 3 HACTYIHHM aHai30M JOBXXMHH DPECTPUKIIHHAX

ITOKA3HMKIB

¢parmentiB  (PCR-RFLP). Craructudyne onpaifoBaHHs OTPHUMaHHX
pe3yNbTaTiB MPOBEICHO 3 BUKOPUCTAHHSIM IPOIPaMHOTO 3a0e3NeyYeHHs
SPSS (Bepcist 25.0).

PesyabraTtn pocaimkenns.. Posnoxpin renorumiB 3a 1s10735810-
noniMopgismom resa VDR y rpymni crnopTcMeHiB OyB HAacTYIHUM: Y
CTIIOPTCMEHIB 3 BHCOKMM 3BAaHHAM CITIBBIAHOIIEHHS TOMO3HMToT 3a F-
amenem (F/F), rereposurot (F/f) i romo3urot 3a f-anenem (f/f) cxiamae
64,28%, 14,29% i 21,43%; y rpyni cnoptcMmeHiB 3 po3psmamu — 47,8%,
25,5% 1 26,7%; a y ocib 3 KoHTpoIsHOI TpymH — 27,4%, 48,4% ta 24,2%
BiAMOBiAHO. BimMIHHOCTI y pO3MOAiNi PIi3HUX BapiaHTIB TCHOTHILYy Y
JIAHUX Tpynax BUXOAWTH 32 Mexi craructuyHoi 3Haummocti (P < 0,01).
HasiBHI cTaTHCTMYHO 3HAyMMi BIAMIHHOCTI MK oOco0amu >KiHO4YOi i
YOJIOBIYOI CTaTi Cepell CIIOPTCMEHIB, M0 MAKOTh CIOPTUBHI O3PSI 3a
nosiMopdizmom Fokl (y* = 10,01; P < 0,05). BinmiamicTs y yactoTi oci6
kiHouoi 1 dyomoBiuoi crari 3 reHorunoMm F/F y rpynax nopiBHsSHHS
npucytHs ()* = 9,69, P < 0,05), Ha BiaMiny Bin renotumy F/fy (3% = 6,051;
P = 7,84) ta f/f renorumny (3> = 1,263 P = 0,93). Byno BHABJIEHO 3HAYHUI
BILIMB TomiMopdismy Fokl 2-ro exzoHy rema VDR Ha HasBHICTH
CIOPTUBHUX JOCSITHEeHb. CIIBBIIHOMICHHS aJleIbHUX BapiaHTiB TeHa VDR
3a nomimopdizmom Fokl (F/F, F/f, f/f) y xiHok y Tpymi oci0, mo MarTh
CIOPTHBHI pO3psiaH, cTaHoBuiIO 48,8%, 23,3 % 1 27,9 %, THM 4acoM sIK y
YOJIOBIKIB BIJIMTOBIIHI MOKa3HUKH AopiBHIOBaIH 46,8%, 27,7% 1 25,5%.
Jlani pesynbTaTd CBigYaTh TMPO HASABHICTH CTATHCTHYHO 3HAYMMHX
BIIMIHHOCTEH MK 0cCoOamMH KIHOYOi 1 4YOJIOBIWOI cTari cepen
CIIOPTCMEHIB, 10 MAKTh CHOpPTHBHI pospsaau (x* = 10,01; P < 0,05). V
JKIHOK HeMae 3HaYyIIMX BiIMIHHOCTEH MK TIOKa3HIKaMH 3pOCTY, MacH Ta
IMT. Illo crocyeTbCcst AaHMX Y TpPYI YOJIOBIKIB, IO MAIOTh CIIOPTUBHI
pO3psiay, TO MOXKHA BU3HAUUTH HacTynHe. [TokasHuku 3pocty Ta IMT sk
y YOJIOBIKIB TakK i JKIHOK, III0 MalOTh BHUCOKI CIIOPTHBHI JOCSTHEHHS, HeE
NoKazajiy 3Hadymmx BinminHocred (P > 0.05), ToOTo MoxHa 3poduTH
BHCHOBOK, 10 mojiiMmop¢izM Fokl VDR He BmmBae Ha 3picT y HaHiit
TPYII YOJIOBIKIB. AJIe SIKIIIO aHANI3yBaTH y TPYTIi YOJIOBIKIB 1aHi PO Macy
TiNa, TO MOXKHA CIIOCTEpiraTW CTaTUCTUYHO 3Hauymli BimmiaHOCTI (P <
0.05), 1m0 Mo’ke TOBOPUTH MPO MOKJIMBHIA BIIMB TeHOTHUIY Fokl Ha Bary,
Ha BiIMiHY BiJ] )KiHOK.

Bucnoskn. B CymcbkomMy perioni Ykpainu anens F 3a rs10735810-
nosiMop¢izmoM rena VDR 'y criopTcMeHIB BUCOKOTO KJ1acy IepeBaxaroTh
ocobn 3 renorunoMm F/F, a y HeTpeHOBaHHX IIOJIeH IiepeBakae
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rerepo3uroTHuit renorun — F/f. Tak, y 4onoiviid rpymi, mo 1 y sxiHoUiit
MOJKHA CIIOCTEPiraTH TEHIEHIII0, IO JIFOJIN, SIKi MalOTh CIIOPTHUBHI 3BaHHS
Ta 3BaHHA 3 OUIBIIONO BiporimHicTio Manu qomiHanTHAH reHotun F/F. Ilin
Yac BHBYCHHS CHIBBIIHOIIEHHA Yy oci0 pi3HOI cTaTi 3 reHoTHIIOM F/F Yy
KOHTpPOJIBHI TPYIi, TPymi 0ci0, 0 MarOTh CHOPTHUBHI PO3PSAN Ta TPYII
0ci0, IO MaroTh BUCOKI 3BaHHA Yy CIOPTi, OYJIO BHUSIBICHO CTaTHCTHYHO
3HaYMMi BIAMIHHOCTI. BigMiHHICTB y 9acToTi 0ci0 >KiHOYOI 1 4OJOBIHOT
crati 3 redotunom F/F y rpynax nopiBHsHHA mpucyTHs (}>=9,69, P <
0,05). Otxe, anani3 acorianiii nonimMopgismy Fokl rena VDR cBimuntb
npo Te, MO AIMCHO JaHl TMOMIMOP(I3MH MalOTh IMOTEHLIHHY pOJib Y
MO/TyJTFOBaHHI ¢izionoriyHuX TIPOIICCIB, o0 BH3HAYaI0Th
(hyHKIIOHATPHUN CTaH OPTaHIi3MY CIIOPTCMEHIB, IO MiATBEPKY€E HAIle

JIOCITIKEHHS
KiouoBi ciioBa: monimMopdism redis, perentop Biraminy D (VDR),
CIIOPTCMEHH.

Aemop, eionogidanvnuii 3a nucmyeannsa: becedina Auwmonina Amamoiigna — KaHOUOAKA NeOA202IYHUX HAYK,

doyenmra kagedpu izionozii i namoghizionozii 3 Kypcom meouunoi dionozii CymcoKo2o 0epicagHo2o yHigepcumenty,
m. Cymu, Vkpaina, e-mail: a.besedina@med.sumdu.edu.ua

INTRODUCTION

Genetic factors play a key role in shaping the
physical qualities of athletes, in particular speed and
strength characteristics that determine success in sports
such as sprinting, weightlifting and martial arts [1; 2].
As is already known, the vitamin D receptor (VDR) is a
key factor mediating the biological effects of vitamin D
through the regulation of the expression of numerous
genes related to calcium homeostasis, the immune
response and the development of the musculoskeletal
system [3, 4]. The vitamin D receptor (VDR) gene, a
member of the nuclear receptor superfamily of
transcription regulators, is crucial for calcitriol signaling
[5, 6]. Vitamin D is an important nutrient in many
aspects related to sports performance and recovery after
training [7], as well as muscle mass and function [8].
The most studied function of this vitamin is related to
bone metabolism and the maintenance of stable calcium
levels in the body [9]. However, vitamin D plays a key
role in modulating the function of many other cell types
and tissues that play an important role in the sporting
context, including immune cells and skeletal muscle
fibers [10, 11]. Due to this immunoregulatory role,
vitamin D is of considerable interest as a candidate
factor for reducing muscle damage after exercise [12].
Vitamin D regulates muscle cell differentiation, as well
as the transport of calcium and phosphate into
intracellular compartments [13]. All these factors are
crucial for elite athletes, as they can affect athletic
performance, health, and training capacity [14, 15]. It
has been studied that polymorphisms of the VDR gene,
in particular Fokl, can modulate the functional activity
of the receptor, which affects the sensitivity of tissues to
vitamin D and is associated with various physiological

and pathological conditions [16]. Modern scientists
have identified more than 25 thousand polymorphisms
of the VDR gene, some of which, in particular,
rs10735810, are associated with the development of
physical qualities: speed and strength. [17, 18].

There is a connection between vitamin D deficiency
and myopathy, which reduces the physical activity of
athletes [19]. Myopathy is associated with the
degeneration of muscle fibers and their atrophy, which
is clinically characterized by weakness, decreased
endurance, persistent inflammation and infiltration of
damaged cells into skeletal muscles [20, 21]. It has been
that
maintaining and developing athletic performance;
therefore, low vitamin levels prevent muscle relaxation
required after exercise and increase muscle pain [22,
23]. This leads to a significant risk of injuries and stress
fractures [24], causing loss of muscle strength and a
decrease in bone mineral density [25, 26].

Regarding the Ukrainian population, the results of
the influence of the rs10735810 polymorphism on the
development of speed and power qualities in track and

shown sufficient vitamin D levels allow

field athletes are contradictory and ambiguous. Data on
the relationship with speed and power qualities in track
and field athletes are absent. In addition, the clinical
significance of VDR polymorphisms should be
considered in a broader biomedical context, since
disorders of vitamin D signaling are often associated
with immune dysfunction and infectious diseases [27].
Therefore, we have begun our own research to study the
role of the rs10735810 polymorphism of the VDR gene
in the development of speed and power qualities of
track and field athletes of the Sumy region of Ukraine
[28, 29]. It should be noted that understanding the role
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of VDR polymorphisms will allow us to identify speed
and power qualities at an early stage of human
development and will contribute to sports selection.

MATERIALS AND METHODS

The experimental tasks were solved at Sumy State
University. 228 people living in the Sumy region of
Ukraine participated in the study. The main group was
104 track and field athletes, including: a group of
athletes with sports categories and a group of athletes
with sports titles; the control group was 124 students.
The age of the athletes ranged from 18 to 26 years and
was on average 22 years. The control group was from
18 to 24 years old, on average 21 years old. The
comparison groups were comparable in age (P = 0.052,
according to the Mann-Whitney U-criterion) [30].
Before the study, all people were informed about the
objectives and hypothesis of the study, and consent was
obtained to participate in the study and conduct genetic
analysis.

The buccal epithelium sample was taken using a
non-invasive non-traumatic method using special
brushes. Before the procedure, the subjects performed
the following actions: one hour before the sample
collection, they refrained from smoking, eating, and
drinking any beverages; before the sample collection
itself, they rinsed their mouths several times with clean
water. The subject placed the brush in their mouths and
passed it at least 10 times along the inside of their
cheeks, rotating it around its axis for approximately 10
seconds, trying to cover the entire inner surface of the
right and left cheeks.

Molecular genetic studies were conducted in the
scientific laboratory of molecular genetic studies of
Sumy State University. DNA was isolated using the
Isogen kits. The method is based on the use of a lysis
reagent with guanidine isocyanate, which is designed
for cell lysis, solubilization of cellular debris, and
denaturation of cellular nucleases. In the presence of the
lysis reagent, DNA is actively adsorbed onto the
NucleoS™ sorbent, then easily washed away from
proteins and salts with an alcohol solution.
Subsequently, DNA is extracted from the sorbent and
transferred into sterile DNA- and RNA-free microtubes.
The obtained DNA can be directly used for polymerase
chain reaction. The kit allows for the isolation of high-
molecular-weight DNA (40-50 thousand nucleotide
pairs) of high purity (OD260/280 nm 1.6-2.0) from
fresh biological material [31].

Determination of Fokl polymorphism of the VDR
gene was performed using the polymerase chain
reaction method with subsequent analysis of the length
of restriction fragments when they were detected by
agarose gel electrophoresis. Amplification of the gene
region containing the Fokl polymorphism site was

performed using a pair of specific primers: forward
(sense) — 5'-AGCTGGCCCTGGCACTGACTCTG- 37,
reverse (antisense) - 5°-
ATGGAAACACCTTGCTTCTTCTCCCCTC-3".  For
amplification, 50-100 ng of DNA were taken and added
to a mixture containing 5 pl of 5-fold PCR buffer, 1.5
mM magnesium sulfate, 250 pM of a mixture of four
nucleotide triphosphates, 15 pM of each of the primers
and 0.75 U of Taq polymerase («Fermentasy), the
volume was adjusted to 25 ul with deionized water.
PCR was performed in a GeneAmp PCR System 2700
thermocycler (Applied Biosystems, USA) [32].

Amplification of the fragment containing the starting
site consisted of 33 cycles: denaturation — 94°C (50 s),
primer annealing — 64.5°C (45 s) and elongation — 72°C
(1 min). For restriction analysis, 6 pl of the
amplification product was incubated at 55°C for 20
hours with 3 U of Fokl restriction enzyme in Tango
buffer with the following composition: 33 mM Tris-
acetate (pH 7.9), 10 mM magnesium acetate, 66 mM
potassium acetate, 0.1 mg/ml albumin. The presence of
cytosine at position 25920 of the VDR gene prevents
restriction, and when cytosine is replaced by thymine,
Fokl restriction enzyme cleaves the amplified region
with a length of 267 base pairs into two fragments: 204
and 63 base pairs. The amplicons of the studied VDR
gene fragment after restriction were separated in a 2.5%
agarose gel containing ethidium bromide. Horizontal
electrophoresis (0.1A; 140V) was performed for 40 min.
DNA visualization after electrophoresis was performed
using a transilluminator («Biocomy) [32].

Statistical data processing was performed on a
personal computer using the standard programs
Statgraphics and STATISTICA. For the
preparation of tables and intermediate calculations, the
Excel package was used. The compliance of the
genotype distribution with Hardy—Weinberg equilibrium
checked using the  online
(http://www.oege.org/software/hwe-mrcalc.shtml). To
compare the distribution of genotypes the
experimental and control groups, the Pearson y test was

initial

was resource

in

used.

RESULTS

The analysis showed that the distribution of
genotypes and alleles according to the rs10735810
polymorphism of the VDR gene in the control group
and in the group of athletes does not have statistically
significant deviations from those expected according to
the Hardy-Weinberg law (P > 0.05). The frequency of
three possible genotype variants according to this
polymorphism, as well as the verification of the
compliance of the distribution of the F-allele and f-allele
with the Hardy-Weinberg equilibrium are presented in
Table 1.
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Table 1 — Frequency of allelic variants and alleles according to the Fokl polymorphism of the VDR gene in
the control group, the group of athletes with sports categories and the group of athletes with sports titles

Athletes who have
sports titles

Athletes who have
sports categories

Control group

F/F, n (%) 34 (27.4) 43 (47.8) 9 (64.28)
F/f, n (%) 60 (48.4) 23 (25.5) 2 (14.29)
f/f, n (%) 30 (24.2) 24 (26.7) 3(21.43)
F-allele 0.52 0.494 0.464
f-allele 0.48 5.54 5.27

%2 9.619 0.134 2.12

P >0.01 >0.05 >0.05

Note: n is the number of patients, y 2 and P reflect the deviations in each group from Hardy-Weinberg equilibrium

According to the results of the analysis of the
frequencies  of genotypes by  Fokl
polymorphism in individuals of the control group, the
group of athletes with sports categories and the group of
individuals with sports titles in sports, it was found that
in athletes with a high rank, the ratio of homozygotes
for the F-allele (F/F), heterozygotes (F/f) and
homozygotes for the f-allele (f/f) is: 64.28%, 14.29%
and 21.43%; in the group of athletes with categories —
47.8%, 25.5% and 26.7%; and in individuals from the
control group — 27.4%, 48.4% and 24.2%, respectively.
This that among high-class athletes,
individuals with the F/F genotype prevail, and among
untrained people, the heterozygous genotype F/f
prevails. Differences in the distribution of different
genotype variants in these groups are beyond statistical
significance (P < 0.01).

individual

indicates

According to Table 2, we can analyze the data
obtained and say that the distribution of F- and f-alleles
in individuals from these groups does not have
statistically significant deviations from the expected
values according to the genetic-population law (P >
0.05). It was found that in the control group, the ratio of
homozygotes for the F-allele (F/F), heterozygotes (F/f)
and homozygotes for the f-allele (f/f) is 27.5%, 52.5%
and 20%; in the group of individuals with sports degrees
—24.14%, 41.38% and 34.48%; and in individuals with
high ranks in sports, respectively, 27.4%, 64.3% and
21.4%. It is also worth noting that the differences in the
distribution of different genotype variants in the two
groups did not exceed the
significance (P = 0.11) (Table 2).

limits of statistical

Table 2 — Frequency of allelic variants and alleles by FokI polymorphism of the VDR gene in athletes

Athletes I-I1I classes Candidates for Master of Sports Master of Sports

F/F, n (%) 11 (27.5) 7 (24.14) 2 (14.3)

F/f, n (%) 21 (52.5) 12 (41.38) 9 (64.3)

f/f, n (%) 8 (20) 10 (34.48) 3(21.4)

F-allele 0.5375 0.448 0.464

f-allele 0.4625 0.552 0.536

%2 0.666 2.049 1.16

P >0.05 >0.05 >0.05

When comparing data on the frequency of Fokl
polymorphism variants in women and men, separately
in the control group, in the group of individuals with
sports categories and in the group of athletes with high
ranks, the following results were obtained (Table 3). In
the control group, women with the genotype F/F —20%,
F/f -48.9%, f/f -31.1% were found, and in men,
respectively, 31.6%, 48.1% and 20.3%. Comparison of
the obtained data indicates the absence of statistically
significant differences in the distribution of allelic

variants of the Fokl polymorphism between women and
men in the control group (3> = 5.06; P, = 0.67). The
ratio of allelic variants of the VDR gene according to
the Fokl polymorphism (F/F, F/f, f/f) in women in the
group of individuals with sports categories was 48.8%,
23.3% and 27.9%, while in men the corresponding
indicators were 46.8%, 27.7% and 25.5%. These results
indicate the presence of statistically significant
differences between female and male individuals among
athletes with sports categories (x>=10.01; P3 < 0.05).
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Table 3 — Distribution of individuals of different genotypes according to the FoklI polymorphism of the VDR
gene in women and men in the control group and in high-class athletes

Women who

Women who Control Men who have  Men with
Control group  have .
Genotypes of women (n) sports hold sports Group of sports ranks sports titles
titl Mal
degrees (n) itles (n) ale (n) (n) (n)
F/F 9 21 3 25 22 6
F/f 22 10 0 38 13
f/f 14 12 0 16 12 3

P1<0.05;P2=0.9317; P3 <0.05; P4=0.81; P5 <0.05; P6 = 0.784; P7=0.93

Note: n — number of individuals, P 1 — significance of differences in genotype distribution between the control and the

group of individuals with sports degrees and the group that achieved high ranks in sports, P 2 — significance of
differences in genotype distribution between women and men in the control, P 3 — significance of differences in

genotype distribution between women and men in the group of individuals with sports degrees, P 4 — significance of
differences in genotype distribution between women and men in the group of individuals with high ranks in sports, P 5 —
significance of differences in the frequency of individuals of different sexes with the F/F genotype in the control group,

in the group that has sports degrees and the group of individuals with high ranks in sports, P 6 — significance of
differences in the frequency of individuals of different sexes with the F/f genotype in the control group, in the group of
individuals with sports degrees and the group of persons with high ranks in sports, P 7 — significance of differences in
the frequency of persons of different sexes with the genotype f/f in the control group, in the group of persons with a rank
and in the group of persons with high ranks in sports

Analyzing the data in the groups of men and women Differences in the frequency of individuals of different
with high sports achievements, we can observe the sexes according to the F/f genotype in the comparison
following situation. The ratio of women with different groups do not exceed the norm (y* = 6.051; Ps = 7.84).
genotypes in this group was 100%, 0% and 0%, and in The following ratio was found for carriers of the f/f
the male group with high indicators, respectively, genotype: in the control group, 53.8% of women and
54.5%, 18.2% and 27.3%. Although the analysis 51.6% of men were found, and among athletes with
suggests that these groups have significant statistical ranks — 46.2% and 38.7%, and among those with ranks,
differences, based on the calculations it is impossible to 0% and 9.7%, respectively. The frequency of
say for sure that there is a significant difference (y* individuals carrying the f/f genotype among
=6.18; P4 = 0.81). There is an assumption that the representatives of different sexes in these groups also
difference in the percentage ratio is associated with a does not exceed the limits of statistical significance (=
small sample. 1.263 P;=0.93).

When studying the ratio of individuals of different Table 4 presents the height, weight and body mass
sexes with the F/F genotype in the control group, the index (BMI) in women and men of both comparison
group of individuals with sports categories and the groups depending on the genotype of patients according
group of individuals with high ranks in sports, to the Fokl polymorphism of the 2nd exon of the VDR
statistically significant differences were found. Thus, gene. It can be observed that in women of both groups
among the carriers of the F/F genotype in the control there are no significant differences between the height,
group, 20% of women and 31.6% of men were found, in weight and BMI indicators. Although, unfortunately,
the group with persons with a sports degree, 48.8% and due to the small sample, we were unable to fully
46.8%, respectively, and in the group of athletes with analyze all the criteria. As for the data in the group of
high ranks — 100% and 18.2%, respectively. The men with sports categories, the following can be
difference in the frequency of female and male determined. Height and BMI indicators did not show
individuals with the F/F genotype in the comparison significant differences (P; > 0.05), that is, it can be
groups is present (x> =9.69, Ps < 0.05). Among concluded that the Fokl VDR polymorphism does not
individuals with the F/f genotype in the control group, affect height in this group of men. But if we analyze the
there were 48.9% women and 48.1% men, and in the body weight data in this group, we can observe
group of persons with a degree in sports — 23.3% and statistically significant differences (P; < 0.05), which
27.7%, and in the group of persons with high ranks in may indicate a possible influence of the Fokl genotype
sports, their number was 0% and 54.5%, respectively. on weight.
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Table 4 — Height, weight and body mass index (BMI) in female and male athletes. Comparison depending on
genotype variants by Fokl polymorphism of the VDR gene (M+m)

Women
Indicators F/F Ff 7 F P
Athletes  with  sports
. 167.9+4.61 (10) | 167.6:4.84 21) | 169+4.37(12) | 245 | 0.099
Height, categories
cm Athletes with sports titles 0£0 (0) 165.6+5.13 (3) 0+0 (0) - -
P> - 0.712 -
y ;
Body thietes — with —sports | 4 5.5 55 56.9544.64 55.6:6.81 561 | 0.007
«oht categories
:elg ’ Athletes with sports titles 0+0 55+4.36 0+0 - -
& P, - 0.697 i
Athletes —with—sports | 19 5549 04 20.25+1.63 19445169 | 146 | 0.243
categories
BMI, Athletes with sports
kg/m2 ) P 00 20£0.46 040 - -
titles
Py - 0.415 - - -
Men
Athletes with sports
, 180.2346.94 (13) | 181.3245.97 (22) | 182.944.89 (12) | 1.905 | 0.161
Height, categories
cm Athletes with sports titles 183+0 (2) 182.3+£5.72 (6) 183.67£5.69 (3) | 0.564 0.590
P> 0.412 0.575 0.673
Athlet, ith 1
Body eles Wit SPOTIS | 50 384783 74.816.84 72334839 | 3.816 | 0.030
. categories
:e‘ght’ Athletes with sports titles 79+5.66 76.33+5.16 75.6+4.51 1.505 | 0.279
& P> 0.178 0.421 0.389
Athlet, jth 1
eres Witlt Sports 21.62+1.28 22.74+1.18 21634238 | 3.128 | 0.054
BMI, categories
kg/m2 Athletes with sports titles 23.6£1.9 22.95+1.03 22.43+1.17 0.337 0.723
P 0.095 0.634 0.512 - -

Note: F — Fisher’s exact test, P1 and P2 — significance of differences between genotypes according to one-way analysis
of variance (P1) and between the control and the group of athletes with high achievements (with titles) according to

Student’s t-test (P2). In parentheses — number of athletes

In the group of male athletes with high ranks, data
analysis the statistically
significant differences between genotype groups. As
for the comparison between groups, here too no
significant differences in anthropometric data were
found. Thus, a significant influence of the Fokl
polymorphism of the 2nd exon of the VDR gene on the
presence of sports achievements was found. Thus, in
the male group, as in the female group, a tendency can

indicates absence of

be observed that people with sports titles and ranks
with a greater probability had the dominant F/F
genotype.

The lack of association of Fokl polymorphism with
sports achievements in most comparison groups is
revealed when factors such as gender and BMI are
taken into account. Although among individuals with
sports titles, statistically significant differences (P <

0.05) can be observed in the male group, which may
indicate a possible influence of the Fokl genotype on
mass. In men with the f/f genotype in both groups of
athletes, they have higher height than in individuals
with the F/F and F/f genotypes.

DISCUSSION

The Fokl polymorphism is located in the exonic
region of the VDR gene and affects the start of protein
translation. It is represented by two alleles: Allele F is
a short form of the protein (424 amino acids). At the
same time, allele f is a longer form of the protein (427
amino acids). In the presence of the F allele, protein
translation begins with the usual start codon (ATG in
the 2nd exon), which leads to the formation of a
shorter VDR isoform (424 amino acids). If a person
has the f allele, an alternative start codon is created in
the first exon, which adds three additional amino acids
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to the N-terminus of the protein, forming a longer
version (427 amino acids) [33].

The Fokl polymorphism of the VDR gene is
characterized by the fact that its variations change the
start codon of translation, which affects the length of the
resulting protein [34]. Studies have shown that the
shorter form (F-allele) has higher biological activity and
binds more efficiently to the corresponding promoters
of target genes [35]. It has also been found that
individuals with the F/F genotype have higher indicators
of muscle strength and performance, especially in power
sports, such as weightlifting and sprinting [36]. Similar
methodological approaches to the analysis of SNPs have
been successfully applied to other genes, such as TERT,
confirming the universality and informativeness of
PCR-RFLP genotyping in biomedical research [37].
There are also studies demonstrating the effect of
genotypes on bone density [38]. Thus, the F/f or f/f
genotype is more often associated with lower bone
mineral density, which may increase the risk of
osteoporosis in older people [39].

Let us consider in more detail the influence of the
Fokl polymorphism on the development of the
musculoskeletal system and speed-strength qualities of
and field athletes [40]. The Fokl
polymorphism in the VDR gene affects the activity of
the corresponding vitamin D receptor [41], which, in
turn, regulates the expression of genes associated with
muscle adaptation and bone structure [42, 43]. Studies
by foreign scientists show that carriers of the F/F
genotype have more effective activation of the vitamin

elite track

D receptor, which contributes to better development of
speed/strength qualities, in particular an increase in
muscle strength and power [41]. Also, the study of the
Fokl gene polymorphism showed that athletes with the
F/F genotype have better muscle tissue regeneration,
they have better strength and speed indicators [44]. An
athlete with the F/f genotype has a slightly lower
strength and speed of muscle fiber contraction, as well
as muscle regeneration. On the other hand, carriers of
the f/f genotype may have a lower level of muscle
adaptation and, accordingly, a lower level of strength,
speed and regeneration indicators [35]. For example, a
study by scientists found that the F/F genotype is much
more common among sprinters and weightlifters, which
confirms its role in the development of speed and
strength qualities [45, 46].

As noted, there is no data on the association of
polymorphic variants of the VDR gene with the physical
qualities of track and field athletes in the Ukrainian
population. Therefore, our study was devoted to
studying the role of the rs10735810 polymorphism of
the VDR gene in the development of physical qualities
of track and field athletes living in the Sumy region of

Ukraine. We have shown that athletes who are dominant
homozygotes F/F have higher performance in sports
compared to recessive homozygotes f/f. It was found
that such a relationship exists in the group of female and
male individuals in groups of athletes with a normal
body mass index. This fact indicates that in these groups
it is the genetic factor under study that is associated with
the development of physical qualities. This result may
suggest that the analysis of the FokI polymorphism can
help select young athletes who have the most favorable
genetic potential for achieving success in athletics.

Thus, the analysis of associations of the Fokl
polymorphism of the VDR gene indicates that indeed
these polymorphisms have a potential role in
modulating physiological processes that determine the
functional state of the athletes' body, which confirms
our study [47]. Variations in these loci can affect the
expression and functionality of the vitamin D receptor,
which, in turn, affects the regulation of calcium
metabolism, and accordingly, the state of the skeletal
system, muscle strength and other indicators [48, 49].
The FokI polymorphism, which is able to change the
structural and functional characteristics of the VDR
protein, contributes to the differentiation of athletes in
strength and endurance. These
mechanisms emphasize the biological significance of
the polymorphism in the context of the body's
adaptation to sports loads, and at the same time, they
indicate the complexity of the interaction between
genetic factors and other external factors [50, 51].
Therefore, the rs10735810 polymorphism of the VDR
gene is an important marker in the development of
physical qualities in Ukrainian track and field athletes.

It should be noted that not only the genetic
component influences the results of physical qualities,
but also the focus on the individual is of great
importance, since only a few athletes reach the highest
levels of performance, and their path to elite status is
unique and peculiar. It is also necessary to include a
wide range of determinants of elite performance from
different scientific fields to characterize an individual
athlete [52]. that genetic
information is not able to accurately distinguish
between elite athletes and a non-athletic control group,
which indicates that the use of such information as a
talent identification tool is unfounded and ineffective
[53]. Thus, it can be concluded that the experience in
sports is very individual and heterogeneous.

CONCLUSIONS

1. In our work, the association of the Fokl
polymorphism of the VDR gene with the physical

terms of muscle

Some scientists note

qualities of track and field athletes was analyzed for the
first time. There is a significant difference in the
distribution of allelic variants between athletes and
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control group individuals for the Fokl polymorphism of
the VDR gene (P <0.01).

2.  There are statistically significant differences
between female and male individuals among athletes
with sports categories for the Fokl polymorphism (y° =
10.01; P < 0.05). The difference in the frequency of
female and male individuals with the F/F genotype in
the comparison groups is present (3> = 9.69; P < 0.05),
unlike the F/f genotype in (x* = 6.051; P = 7.84) and f/f
genotype (x> =1.263; P =0.93).

3. A significant influence of the Fokl
polymorphism of the 2nd exon of the VDR gene on the
presence of sports achievements was revealed. Thus, in
the male group, as in the female group, one can observe
a tendency that people with sports titles and ranks were
more likely to have the dominant F/F genotype. When
studying the ratio of individuals of different sexes with
the F/F genotype in the control group, the group of
individuals with sports ranks and the group of

PROSPECTS FOR FUTURE RESEARCH

individuals with high ranks in sports, statistically
significant differences were found. The difference in the
frequency of female and male individuals with the F/F
genotype in the comparison groups is present (3 = 9.69;
P<0.05).

4. In women of both groups, there are no
significant differences between the indicators of height,
weight and BMI. As for the data in the group of men
with sports ranks, the following can be determined.
Height and BMI indicators in both men and women
with high sports achievements did not show significant
differences (P > 0.05), i.e. it can be concluded that the
Fokl VDR polymorphism does not affect height in this
group of men. However, if we analyze the body weight
data in the male group, we can observe statistically
significant differences (P < 0.05), which may indicate a
possible effect of the Fokl genotype on weight, unlike in
women.

Perspectives for future research: to investigate the association of other single nucleotide polymorphisms of the VDR
gene (Bsml, Apal, and Taql) in the development of physical qualities in track and field athletes for the purpose of sports

prediction.
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