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Frequency of rs731236, rs7975232 and rs1544410 single nucleotide
polymorphisms of Vitamin-D Receptor (VDR) gene
among the Kazakh ethnic group

In the article the pilot study results of the genotypes and individual allele’s frequency of single nucleotide
polymorphisms (SNPs) rs731236, rs7975232 and rs1544410 in vitamin D receptor (VDR) gene were present-
ed. The participants were representatives of the Kazakh ethnic group. The SNPs were determined by real-time
polymerase chain reaction using the amplification-refractory mutation system (ARMS) technology. The rele-
vance of the study is that rs731236, rs7975232 and rs1544410 contribute to the regulation of VDR gene ex-
pression. This affects the synthesis of the VDR protein and its activity as a transcription factor. VDR regu-
lates various metabolic pathways, including the immune response to infectious diseases. In rs731236, the A
allele (68.9 %) prevailed over the G (31.1 %). The AA, AG and GG genotypes were 52.1 %, 33.6 % and
14.3 %, respectively. For rs7975232, there were no significant differences in the alleles A and C (42.4 % vs.
57.6 %). There was a predominance of AC and CC genotypes (39.5 % and 37.8 %, respectively), over
AA (22.7 %). Allele A of rs1544410 was not found in the Kazakh population. The allele C was 65.6 %, T —
25.6 %, and G — 8.8 %. The frequencies of the CC and CT genotypes were similar (40.3 % vs. 39.5 %). It is
possible to study the influence of these SNPs on COVID-19 susceptibility among Kazakhs.

Keywords: rs731236, rs7975232, rs1544410,3'UTR polymorphism, single nucleotide polymorphism, vitamin
D receptor (VDR) gene, genotype frequency, allele frequency, Kazakh ethnic group.

Introduction

Scientific databases contain many research results on the variability of vitamin D functioning in the
human body. Recently, special attention has been paid to the ability of vitamin D to influence gene expres-
sion. This is due to the functioning of 1,25(OH),D which is the hormonally active form of vitamin D and a
ligand for the nuclear vitamin D receptor (VDR), which is present in many tissues [1].

The active form of 1,25(0OH),D binds to VDR and is capable of heterodimerizing with the retinoid X
receptor (RXR). This complex can regulate the expression of up to 2000 target genes promoters of which
contain specific vitamin D response elements (VDREs) [1-2]. VDR is known to be present in both T and B
immune cells and regulates various metabolic pathways, including those involved in the immune response to
infectious diseases and cancer [3].

At the same time, the expression level and activity of VDR are influenced by the structural features of
the VDR gene located on chromosome 12g13.1. This gene has high genetic variability and more than 470
single nucleotide polymorphisms (SNPs) have been identified [4]. This article will discuss three SNPs of the
VDR gene: rs731236 (Taql), rs7975232 (Apal) and rs1544410 (Bsml), which are in strong linkage disequi-
librium with each other in the 3' untranslated region. Therefore, quite often they are combined into 3'UTR
polymorphism [5-6]. These genetic changes are involved in regulating the VDR gene expression level by
reducing or increasing mMRNA stability [7].

Many studies of the frequency of rs731236, rs1544410 and rs7975232 genotypes and alleles have been
conducted in various ethnic groups, both among healthy and in association with infectious diseases, mainly
bronchopulmonary [4-6].

In this study, the frequency of rs731236, rs7975232 and rs1544410 in the VDR gene among the Kazakh
ethnic group representatives was studied for the first time.

Experimental

Biological samples (blood) for the pilot study were obtained from 119 individuals of the Kazakh ethnic
group of both sexes over 18 years old, residing in Karaganda city and Karaganda region. The average age
was 43 years (range: 18-77). Among the participants there were 39 men and 80 women. The selection of
Kazakh participants for the study was based on a questionnaire. The study was conducted in accordance with
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the recommendations of the Helsinki Declaration and approved by the Local Bioethics Committee Non-
commercial joint-stock company “Karaganda Medical University” (protocol No. 2, dated 11 October 2022).
All participants gave written informed consent.

Blood was withdrawn into an EDTA tube. The extraction of DNA from the blood samples was per-
formed by “RIBO-prep” (Amplisens, Russia). The SNPs were genotyped by real-time polymerase chain re-
action (PCR) with forward and reverse primers (Lumiprobe, Russia) based on the amplification-refractory
mutation system (ARMS) technology. Real-Time PCR DTlite (DNA Technology, Russia) was used to test
the samples. Amplification conditions were selected experimentally: 3 min at 94 °C; 15 s at 94 °C and 62 °C
for 30 s (%40 cycles). The sequences of primers are shown in Table.

Table
The primers sequences for rs731236, rs7975232 and rs1544410 genotyping

SNP Alleles Primer sequence

FIP 5-CGGTCCTGGATGGCCGCA-3'
RIP5'-CAGGACGCCGCGCTGCTC-3'

FOP 5-TTGGCATAGAGCAGGTGGCTGCC-3'
ROP 5'-CCCAGCTGAGAGCTCCTGTGCCTT-3'

®>

rs731236

A FIP 5-CACAGGAGCTCTCAGCTGGACA-3'
C RIP5-TGGTGGGATTGAGCAGTGAAGG-3'
FOP 5-CCTGGATGGCCTCAATCAGC-3'
ROP 5-GTCATAGAGGGGTGGCCTAGGG-3'

rs7975232

FIP 5-CAGAGCCTGAGTATTGGGAACGC-3'
RIP 5-GGGGCCACAGACAGGCCTACT-3'
FOP5-TTTTGTACCCTGCCCGCAAGA-3'
ROP 5-TGTGCAGGCGATTCGTAGGG-3'

C FIP 5-AGCAGAGCCTGAGTATTGGGAAAGC-3'
G RIP 5-GGCCACAGACAGGCCTCCC-3'

FOP 5-AAGTTTTGTACCCTGCCCGCAAG-3'
ROP 5-GTGCAGGCGATTCGTAGGGG-3'

T FIP 5-GCAGAGCCTGAGTATTGGGAAGGT-3'
C RIP 5-GGCCACAGACAGGCCTTCG-3'

FOP 5-AAGTTTTGTACCCTGCCCGCAA-3'
ROP 5-TGTGCAGGCGATTCGTAGGG-3'

>0

rs1544410

The chi-square test (y* test) was used to compare categorical data and p < 0.05 was considered statisti-
cally significant. All SNPs were tested for Hardy—Weinberg equilibrium using chi-squared test. The statisti-
cal analyses were carried out by the GraphPad Prism 8.0 program (Graph-Pad Software, CA, USA).

Results and Discussion

The frequency of 3'UTR polymorphism in VDR gene was identified among Kazakhs. The observed
rs731236, rs7975232 and rs1544410 SNPs were consistent with Hardy—Weinberg equilibrium with p > 0.05
(p =0.0628, p = 0.1125, p = 0.5381 respectively).

The data on the allelic composition of rs731236 are inconclusive. According to some authors, this pol-
ymorphism represents an allelic substitution T>C, leading to silent mutations in the corresponding co-
dons [5, 7]. At the same time, dbSNP (Current build 156, released September 21, 2022) characterizes
rs731236 as a three-allelic polymorphism with predominant alleles A and G [8]. The data on the frequency
of the rs731236 genotypes and alleles among the Kazakh population are shown in Figure 1.
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Figure 1. The rs731236 genotypes and alleles frequency in the Kazakh population

The A allele of rs731236 is more than twice as common as the G allele (68.9 % vs. 31.1 %) in the study
sample. The homozygous genotype AA rs731236 also predominated and was found in half of the sam-
ples (52.1 %). The GG genotype was the rarest (14.3 %), and AG heterozygotes were found in a third of cas-
es (33.6 %). A comparison of the rs731236 allele frequency with other sources was made (Fig. 2).
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Figure 2. Comparison of allele frequency data for rs731236

The data obtained show a slight predominance of A allele over G allele compared to dbSNP total data
(61.5 % and 38.5 % for alleles A and G, respectively), but this difference was not statistically significant
(p>0.05) [8]. The results of the present study were very similar to the dbSNP European (A =60.2 %,
G =39.8%, p>0.05) [8]. Also, similar values were found in the UAE (A = 59.2%, G = 40.8 %,
p > 0.05) [4]. The dbSNP Asian demonstrates the predominance of allele A over G (95 % vs. 5 %) [8], which
is statistically different from the data of the Kazakh population (p < 0.0001). Some published data from Ja-
pan (Tokitan et al.), where A =88 %, G = 12 % [11] confirms these results (p = 0.0010).

The allele frequency of Kazakhs was similar to the UAE and statistically different from Japan. Howev-
er, the situation was different regarding the distribution of genotypes. In Japan and Kazakhstan, AA homo-
zygotes predominated (52.1 % and 77 %, respectively) [11], while in the UAE heterozygotes AG were more
often found (42.4 %) [4]. Common to all three populations was the lowest frequency of the GG genotype
(14.3 % — Kazakhs, 19.6 % — UAE, 1 % — Japan) [4, 11].
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Single nucleotide polymorphism rs7975232 of the VDR gene includes two alternative alleles A and C,
which is consistent with both dbSNP (Current build 156, released September 21, 2022) [9] and most publica-
tions [5, 12]. The ratio of alleles in different populations may vary. Data on the frequency of the rs7975232

in the Kazakh population are depicted in Figure 3.
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Figure 3. The rs7975232 genotypes and alleles frequency in the Kazakh population

The frequency of alleles A and C among the Kazakh ethnic group differs slightly (42.4 % vs. 57.6 %).
However, heterozygous genotype AC and homozygous CC are found almost equally (39.5 % and 37.8 %,
respectively), and homozygous AA are less common (22.7 %). Thus, for rs7975232 there is a predominance
of heterozygotes over homozygotes ones. Allele frequencies of rs7975232 vary in different sources (Fig. 4).
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Figure 4. Comparison of allele frequency data for rs7975232

The allele frequency of rs7975232 in the Kazakh population maintains a similar trend with rs731236.
Also, the obtained data are consistent with doSNP total (A = 44.5 %, C = 55.5 %) and European (A = 46.3 %
and C = 53.7 %) [9], as well as with India (A = 46 %, C = 44 %) (p > 0.05) [12]. Statistically significant dif-
ferences were found to a greater extent with dbSNP Asian, where A = 68.7% and C = 31.3%
(p = 0.0003) [10] and to a lesser extent with China (60.5 % vs. 39.5 %, respectively) (p = 0.0154) [12].
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When comparing the frequency of genotypes in the populations of Kazakhstan, India and China, the
most common were heterozygotes AC (39.5 %, 45.4 % and 55 %, respectively). Homozygotes AA (22.7 %)
were the rarest only among Kazakhs. In India and China, the frequency of AA was similar (33 %), and CC
homozygotes were the least common (21.6 % and 12 %, respectively) [12].

The latest single-nucleotide polymorphism within the 3'UTR, rs1544410, is reported to exhibit a tetra-
allelic nature according to doSNP data (Current build 156, released September 21, 2022) [10]. The obtained
results of rs1544410 genotyping in the Kazakh population are depicted in Figure 5.

50 Genotypes 80+ Alleles
70
40 e 50
30 50—
S 32 40+
204 30+
20—
104 |—| 104
oL ] = [ lm 0- —

T T T
CC TT GG CT GT CG

Figure 5. The rs1544410 genotypes and alleles frequency in the Kazakh population

The allele A of rs1544410 was not detected among the Kazakhs. In the majority of samples, the allele C
was prevalent (65.6 %), while the allele T was significantly less common (25.6 %). The G allele (8.8 %) was
rare and was mainly detected in the form of heterozygotes, such as GC (10.9 %) and GT (3.4 %). Homozy-
gotes GG were found in two samples out of the total number (n=119). Interestingly, the allele T was rarely
encountered in a homozygous state (TT frequency = 4.2 %), while the heterozygous genotype CT was de-
tected at a frequency similar to homozygous CC (39.5 % vs. 40.3 %).

In spite of the fact that, according to dbSNP data, rs1544410 encompasses four alleles [10], scientific
publications typically focus on the simultaneous examination of the frequency of only two alleles in various
combinations: A>G [5,7], A>T [12], which complicates comparative analysis.

The frequency of rs1544410 was compared only with dbSNP data (Fig. 6) for the C and T alleles (as a
percentage of total occurrence; n = 217). This approach was used because publications mainly determine the
frequency of alleles A and G. But allele A was not identified in the Kazakh population, and the frequency of
allele G was rare.
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Figure 6. Comparison of allele frequency data for rs1544410
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The allelic frequency coincidence was observed between alleles C and T rs1544410 with the total(C =
61.2 %, T = 38.8 %), European (C = 60.1 %, T = 39.9 %), and African (C = 73.7 %, T = 26.3 %) dbSNP data
(p > 0.05). Additionally, a significant statistical difference was found with dbSNP Asian data, where
C=94%, T =6 % (p<0.0001) [10].

Thus, the frequency of the main alleles of all three SNPs included in the VDR gene 3'UTR (rs731236,
rs7975232 and rs1544410) in the Kazakh population is statistically similar to the total and European dbSNP
data, while all of them showed statistically significant differences with doSNP data for the Asian popula-
tion [8-10]. This may be due to the linkage of rs731236, rs7975232 and rs1544410 to each other [5-6].

Conclusion

In this study, 119 biological samples were genotyped to determine the allele and genotype frequency of
SNPs rs731236, rs7975232, and rs1544410 among individuals of the Kazakh ethnic group. All SNPs are in a
non-equilibrium linkage with each other and aggregate into a 3'UTR polymorphism. In the case of rs731236,
the most frequently encountered allele was A (68.9 %), while allele G was found in 31.1 % of cases. Among
the genotypes, AA predominated (52.1 %), the number of heterozygotes AG constituted 33.6 %, and the ho-
mozygous GG was less common (14.3 %). For rs7975232, significant differences in the allele frequency of
A and C (42.4 % vs. 57.6 %) was not detected; however, the distribution of genotypes in the population re-
vealed a prevalence of AC and CC (39.5 % and 37.8 %, respectively) over AA (22.7 %). The rs1544410 is
four-allelic; however, allele A was not detected in the Kazakh population, and the frequency of allele G was
low (8.8 %). The major allele was C (65.6 %), and the T allele was found only in 25.6 %. However, the fre-
guency of CC and CT genotypes was similar (40.3 % vs. 39.5 %). The obtained results are of interest as a
general population study and serve as a comparative dataset. Additionally, the potential role of these SNPs
on susceptibility to COVID-19 among Kazakhs is planned to be investigated.
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Ka3ak 3THHKAJBIK TOOBIHBIH 6KLIAepi apacbinaa D nopymeni
peuentopbl redidin (VDR) rs731236, rs7975232 kone rs1544410
OipHyKJIeoTHATI MoJMMoppu3MIepiHiH Ke3aecy »KUIiri

Maxkanaga D (VDR) nopymeni peuentopiapbiHbH TeHiHzmeri 1s731236, rs7975232 xone 151544410
OipHykieoTuari momuMopousmaepain (SNP) remotuntepi MeH jKeke ayIeNblICpiHiH JKUUINH 3epTTeyIiH
NIIOTTHIK HOTIDKEEpl KeNTipiareH. 3epTTey Kas3aK STHHUKAJIBIK TOOBIHBIH OKIUIIEpiHIH KaThICYBIMEH
xkyprizinai. SNP ammmdukanusra Te3iMai MyTanus xyieciniy TexHonorusiacsiH (ARMS) konpana oTeIpbI,
HAaKTBl YaKbIT PEKUMIHIC MONUMEPa3bl Ti30CKTi pEakIus OJiCiMEH aHBIKTAIABL. 3epTTCYIiH ©3eKTLIiri
rs731236, 157975232 xoHe 151544410 D BHUTaMHHIHIH pENENTOPIBIK aKybl3 CHHTE3iHE J>KOHE OHBIH
TpaHCKpHNUus (akTophl peTiHeri Oencenainirine acep eretin VDR reHiHiH skcnpeccHs: AeHTeHiH peTTeyre
KaThICAaTBIHABIFbIHA OaitmanpicTel. VDR opTypni MeTaOomuKaimbIK KOJNAApAbl, COHBIH ILIHAE KYKIAJBI
aypynapra UIMMYHJIBIK KayanTel perredmi. Rs731236-ma A amnens xwuiniri (68,9 %) G amnensaeH 6acsim
Gommer (31,1 %). AA, AG xoue GG rexorunrepi coiikecinme 52,1 %, 33,6 % xoHe 14,3 % Kypamsl.
Rs7975232 ymwin A sxone C atenbaepinae adTapiblKTail ailbipMaIubUIsiKTap aHbikranmanst (57,6 % xapcst
42,4 %), an momyJsIUAAaFel TEHOTHNTEPAIH Tapainybl AA-ra (22,7%) xaparanna AC sxone CC (THiciHe
39,5% sxoHe 37,8%) OachIMIBLIBIFBIH KopceTTi. A amieni rs1544410 ka3ak momysUsIChIHAA TaObLIFaH JKOK.
C awteni 65,6 %, T — 25,6 % xxone G — 8,8 % kypazpl. CC xone CT reHOTHNTEPiHIH KHITIri YKcac OOIbI
(40,3 % xapcer 39,5 %). SNP nepekrepin arzanbii COVID-19 cesiMraiapiFbiHa oCep €TETIH BIKTUMAI
(hakTopnap peTiHae 3epTTey MYMKIHIIr1 KOPCETUITeH.

Kinm ceszoep: 15731236, 1s7975232, rs1544410, 3'UTR momumop¢usmi, OipHykiaeoTuari momumopdusm, D
IopyMeHi penentopiapbiHbH reHi (VDR), reHOTHIT )KUiTiri, ajienb )KALTIr, Ka3aK STHUKAIBIK TOOBI.

B.B. Ilpotac, I'.IL. ITorocsH, K.I'. JIn

YacroTa BCTpPe4aeMOCTH OAHOHYKJICOTHAHBIX OJUMOP(PHU3MOB
rs731236, rs7975232 u rs1544410 rena peuentopa suramuda D (VDR)
CpeAu NnpeAcTaBUTe el Ka3aXCKOM Y THUYECKOH IrPyIbI

B crartpe npencraBieHs! pe3ynbTaThl MHIOTHOTO MCCIEAOBAHNS M0 U3YIEHNIO YaCTOTHI TCHOTHUIIOB U OT/JEIb-
HBIX aJjutesieil OMHOHYKIEOTUAHBIX noauMoppm3MoB (SNP) rs731236, rs7975232 u rs1544410 B rene peuern-
topa ButamuHa D (VDR). HccnenoBanue mpoBOAMIOCH C YIaCTHEM MPEICTaBUTENCH Ka3aXCKOW AITHUIECKON
rpynmsl. SNP onpenensiii ¢ MOMOIIBI0 METOAa TTOJIMMEPA3HOH [ETTHONW Peakiiy B PEeXXHUME PeaJbHOTO Bpe-
MEHH C UCIIOJIb30BAHMEM TEXHOJIOTHH CHCTEMbI YCTOWYMBBIX K aMIutUdukanny mytanuii (ARMS). Akryains-
HOCTh HCCIe/JoBaHUs o0yciioBieHa TeM, 4to 15731236, rs7975232 u rs1544410 yuacTBYIOT B peryisiuu
ypoBHs 3kcripeccud TeHa VDR, uto BimsieT Ha cuHTe3 Oenka-penentopa BUTaMHHa D 1 ero akTMBHOCTB Kak
TpaHcKpunuuoHHOro (akropa. VDR perymupyer paziandHbsle MeTaOONNUECKUe ITyTH, BKIIOYas MMMYHHBIH
oTBeT Ha HMH(EKnMOHHBIEe 3abomeBaHus. B rs731236 wacrota amremun A (68,9 %) mpeobmamama wam G
(31,1 %). T'enoruner AA, AG u GG cocrasumu 52,1 %, 33,6 % u 14,3 % coorBercrBenHo. st rs7975232 we
OBIIO BBISABIIEHO HOCTOBEPHBIX pazimmamii mo ammtensM A u C (42,4 % npotus 57,6 %), Ipu 3TOM pacmipenene-
HHE TeHOTHUIIOB B MOy sinun mokasano npeobmamgarne AC u CC (39,5 % u 37,8 % cooTBeTcTBeHHO) Hax AA
(22,7 %). Annenp A rs1544410 ue Gbut 0OOHapyXeH B Ka3zaxckoit momyssinun. Amutens C cocrasun 65,6 %, T
— 25,6 % u G — 8,8 %. Yacrotsl renotunoB CC u CT 6buti cxoausiMu (40,3 % npotus 39,5 %). [Tokazana
BO3MOXXHOCTb U3Y4YC€HHUS JaHHBIX SNP kak IMOTCHIHUAJIbHBIX q)aKTOpOB, BJIMAKOIINX HAa BOCIIPUUMYHUBOCTb OpP-
rannzma k COVID-19.

Kniouesvie cnosa: 18731236, 1s7975232, 151544410, nomumopdmsm 3'UTR, oMHOHYKICOTHAHBIH MOIMMOP-
¢u3m, reH perenrtopa Butamuaa D (VDR), wactora reHoTtumna, 9acToTa ayuiens, Ka3axckasl STHHIECKast TPyTI-
ma.
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