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Frequency of rs2228570 single nucleotide polymorphism  

of Vitamin-D Receptor (VDR) gene among the Kazakh ethnic group 

The article presents the results of the study of vitamin D receptor (VDR) gene rs2228570 single nucleotide 

polymorphism (SNP) genotypes and individual alleles frequency among the Kazakh ethnic group representa-

tives living in the Karaganda region. This SNP was determined by real-time polymerase chain reaction using 

TaqMan technology. The study relevance is due to the fact that genetic variations in rs2228570 affect the syn-

thesis of the VDR protein and its activity as a transcription factor that regulates the expression of other genes. 

This mechanism determines the association of individual rs2228570 genotypes or alleles with susceptibility, 

course, and outcomes of various diseases. The polymorphism frequency may be depending on ethnicity. Ac-

cording to the study results, the most common genotypes of rs2228570 SNP among the Kazakhs were AG 

(32.8 %) and GG (25.2 %). The rarest are homozygotes TT (1.7 %) and CC (0.8 %). The frequency of all 

rs2228570 alleles was detected simultaneously in the present study for the first time. G became the predomi-

nant allele (51.3 %), less common was A (31.0 %), and the C and T alleles were the rarest (11.8 % and 5.9 %, 

respectively). The potential value of this SNP further study as a possible factor influencing the body’s suscep-

tibility to various diseases, including COVID-19, is shown. 

Keywords: vitamin D receptor (VDR) gene, VDR gene single nucleotide polymorphism, rs2228570, genotype 

frequency, allele frequency, Kazakh ethnic group, vitamin D, vitamin D receptor. 

 

Introduction 

Vitamin D is well known for its role in maintaining calcium and phosphorus homeostasis. It enters the 

human body in two ways: through exogenous intake of food rich in vitamin D, or through its endogenous 

synthesis in the skin under the influence of ultraviolet B (UVB) radiation. Both forms of vitamin D are inac-

tive, so its two-step activation follows: first in the liver (forming 25(OH)D or calcidiol) and then in the kid-

neys (forming 1.25-dihydroxyvitamin D; 1.25(OH)2D3 or calcitriol) [1]. 

Calcitriol is a hormonally active form of vitamin D and has a wide range of extraskeletal biological re-

sponses, including inhibition of the progression of breast, large intestine and prostate cancer cells, protection 

against a number of autoimmune diseases, including multiple sclerosis and inflammatory bowel disorder [2]. 

Also, there are many studies that prove the participation of vitamin D in the control of blood pressure, reduc-

ing the risk of type I and II diabetes, multiple sclerosis, rheumatoid arthritis, heart disease and infectious dis-

eases, as well as in the regulation of immune responses [3]. All biological extraskeletal effects of calcitriol 

are mediated by the nuclear vitamin D receptor (VDR), which belongs to the family of steroid receptors. Af-

ter binding to calcitriol, VDR heterodimerizes with the retinoid X receptor (RXR) and moves to the nucleus, 

where it binds to the VDR sensitive element (VDRE) in target genes and controls the expression of more 

than 500 genes [4]. At the same time, the activity and functioning of VDR depends on the structure of the 

VDR gene located on chromosome 12q13.1 [5]. 

The VDR gene is polymorphic, with over 470 single nucleotide polymorphisms (SNPs) identified. One 

of the most common and studied SNPs of the VDR gene is rs2228570 [6]. A number of studies have re-

vealed the association of individual genetic variations in rs2228570 with diseases such as dengue, bronchial 

asthma, hepatitis B, Parkinson’s disease and tuberculosis [7–12]. There are also suggestions about its role in 

susceptibility to COVID-19 [13, 14]. These facts make rs2228570 an important potential object for study. 

Thus, in this study, for the first time, the frequencies of genotypes and all four alleles of the VDR gene 

rs2228570 among representatives of the Kazakh ethnic group were studied. 
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Experimental 

In total, 119 samples of biological material (blood) taken from adult representatives of the Kazakh eth-

nic group living in the city of Karaganda and the Karaganda region were examined. The age range was 18–

77 years old (mean age is 43). The gender distribution was 39 men and 80 women. 

Blood was withdrawn into an EDTA tube. The extraction of DNA from the blood samples was per-

formed by “RIBO-prep” (Amplisens, Russia) according to the kit manufacturer’s protocol. Genotyping of 

VDR gene SNP rs2228570 was carried out by real-time polymerase chain reaction (Real-Time PCR) using 

TaqMan probes (Lumiprobe, Russia). The sequences of primers and probes, as well as the PCR conditions, 

are shown in Table 1. All samples were analyzed on a Real-Time PCR DTlite instrument (DNA-Technology, 

Russia). 

T a b l e  1  

The corresponding data for rs2228570 genotyping 

  Sequence (5'−3') 
PCR protocol (denaturation,  

cycles, extension) 

Primers   

94 °C / 3 min 

(94 °C / 15 sec, 

62 °C / 30 sec) × 40 

 forward 5'- TCCACACACCCCACAGATCC-3 

 reverse 5'- GTGGGTGGCACCAAGGATG-3' 

TaqMan   

 probe A 5'-CCGCCATTGCCTCCATCCCTGTAAGAA-3' 

 probe C 5'-CCGCCATTGCCTCCCTCCCTGTAAGAA-3' 

 probe G 5'-CCGCCATTGCCTCCGTCCCTGTAAGAA-3' 

 probe T 5'-CCGCCATTGCCTCCTTCCCTGTAAGAA-3' 

 

The categorical variables are described as percentages. The chi-square test (χ
2
 test) was used to compare 

categorical data. P < 0.05 was considered statistically significant. All genotypes were tested for Hardy–

Weinberg equilibrium using chi-squared test. The statistical analyses were carried out by the GraphPad 

Prism 8.0 program (Graph-Pad Software, CA, USA). 

Results and Discussion 

Previously, in review article, we compared rs2228570 frequency alleles and genotypes submitted in 

dbSNP NCBI (National Center for Biotechnology Information, USA) with data published in peer-reviewed 

publications [15]. It was found that rs2228570 is four-allelic, with a predominance of G (0.611257) and A 

(0.388743) alleles [16]. However, most researchers simultaneously analyzed the occurrence of only two of 

the four alleles in the following combinations: C>T or A>G [7–12]. In the present study, we simultaneously 

determined all possible variants of the rs2228570 genotypes. The observed rs2228570 genotype frequencies 

were consistent with Hardy–Weinberg equilibrium with p values greater than 0.05 (р = 0.9638). 

 

 

Figure 1. Frequency of rs2228570 genotypes in the Kazakh population 
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As can be seen from Figure 1, the most common genotypes among representatives of the Kazakh ethnic 

group are AG (32.8 %) and GG (25.2 %). Frequencies vary from 13.5 % to 4.2 % in GT, AA, AT and GC 

genotypes. The rarest were TT and CC homozygotes (1.7 % and 0.8 %, respectively). The obtained data co-

incide with dbSNP in that genotypes with G and A alleles predominate [16]. 

Despite the large number of publications that studied the occurrence of CC, CT and TT genotypes [7–

11], it was not possible to compare them with the data obtained, since the frequency of these genotypes in the 

Kazakh population is critically low. At the same time, data on the frequency of AC, AT, GC and GT geno-

types is practically absent in the literature. 

Therefore, only the frequencies of the AA, AG, and GG genotypes (in % of the total number of occur-

rences; n = 80) could be compared with the results of other authors (Table 2). 

T a b l e  2  

Comparative analysis of AA/AG/GG genotypes frequency of the VDR gene rs2228570 

Ethnicity / country 
Genotype (%) 

P-value Reference 
AA AG GG 

KZ 14 49 37   

UAE 27 42 31 NS Osman et al. [6] 

UK 48 41 11 **** Bid et al. [17] 

French 43 47 10 **** Zmuda et al. [18] 

Japan 37 51 12 **** Bhanushali et al. [19] 

North Indian 44 49 7 **** Tokita et al. [20] 

India 59 36 5 **** Bid et al. [17] 

**** = p < 0.0001; NS = not significant. 

 

Table 2 presents the comparative data on three rs2228570 genotypes between the Kazakh population 

and others. It can be seen that a statistically significant difference was not found only in comparison with the 

UAE population [6], in all other cases it was maximum (p < 0.0001). 

The results of the analysis of individual rs2228570 alleles frequency is shown in Figure 2. 

 

 

Figure 2. Frequency of rs2228570 alleles in the Kazakh population 

It was found that the most common allele among the Kazakh population is G (51.3 %), and the A allele 

is 20 % less common (31.0 %). The data obtained for two alleles are fully consistent with dbSNP (assembly 

155 dated April 9, 2021, aggregated data with sampling of 236272 samples) [16]. The occurrence of T and C 

alleles was 11.8 % and 5.9 %, respectively, which is significantly higher than the dbSNP data (T=0.000000, 

C=0.000000) [16], but inferior to the results of other studies [7, 11]. The comparative analysis of the occur-

rence of A and G major alleles (in % of the total number of occurrences; n = 196) is presented in Table 3. 

A C G T

0

10

20

30

40

50

60

%

Buk
eto

v U
niv

ers
ity



V.V. Protas, G.P. Pogossyan et al. 

120 Вестник Карагандинского университета 

T a b l e  3  

Comparative analysis of A and G alleles frequency of VDR gene rs2228570 

Ethnicity / country 
Alleles (%) 

P-value Reference 
A G 

KZ 37.8 62.2   

dbSNP total 38.9 61.1 NS [16] 

dbSNP European 38.7 61.3 NS [16] 

dbSNP Asian 43.8 56.2 NS [16] 

UAE 48.04 51.96 NS Osman et al. [6] 

UK 68.50 31.50 **** Bid et al. [17] 

French 66.50 33.50 **** Zmuda et al. [18] 

Japan 62.50 37.50 **** Bhanushali et al. [19] 

North Indian 68.50 31.50 **** Tokita et al. [20] 

India 77.00 23.00 **** Bid et al. [17] 

**** = p < 0.0001; NS = not significant 

 

As it can be seen from the Table 3, the data on the prevalence of individual rs2228570 alleles obtained 

in this study do not have statistically significant differences with the generalized dbSNP NCBI data, as well 

as separate results for European and Asian ethnic groups [16]. Also, the results are commensurate with those 

for the population of the United Arab Emirates [6]. At the same time, there is a fundamental discrepancy 

with the results of individual studies [17–20]. This can be explained by errors in these studies due to the fact 

that they did not take into account two more possible alleles of rs2228570 (C and T). 

Thus, this paper presents unique data on the overall prevalence of VDR gene rs2228570 genotypes and 

four alleles among representatives of the Kazakh ethnic group. 

Conclusions 

After examination of the DNA samples of 119 Kazakhs living in the Karaganda region, it was found 

that the most common genotypes of the rs2228570 single nucleotide polymorphism of the VDR gene are AG 

and GG. The rarest genotypes are TT and CC. Accordingly, G became the predominant allele, A allele was 

slightly less common, and the C and T alleles were the rarest. The results obtained are of interest as a general 

population study and as a material for comparison. In addition, in the future, it is possible to predict the like-

lihood and course of diseases associated with certain genetic variations of VDR gene rs2228570 SNP among 

Kazakhs. It is also planned to test the potential impact of this SNP for susceptibility to COVID-19. 
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В.В. Протас, Г.П. Погосян, К.Г. Ли, М.П. Даниленко 

Қазақ этникалық тобының өкілдері арасында  

бірнуклеотидті полиморфизмнің rs2228570 D дәрумені 

 рецепторы генінің (VDR) кездесу жиілігі 

Мақалада Қарағанды облысында тұратын қазақ этникалық тобының өкілдері арасында бірнуклеотидті 

полиморфизмнің (SNP) rs2228570 генотиптерімен жекелеген аллельдерінің D дәрумені рецепторы 

генінің (VDR) жиілігін зерттеу нәтижелері келтірілген. Берілген SNP-ді анықтау TaqMan техноло-

гиясын қолдана отырып, нақты уақыт режимінде полимеразды тізбекті реакция әдісімен жүзеге 

асырылды. Зерттеудің өзектілігі rs2228570 генетикалық вариациялары D дәрумені рецепторы 

ақуызының синтезіне және оның басқа гендердің экспрессиясын реттейтін транскрипциялық фактор 

ретіндегі белсенділігіне әсер ететіндігіне байланысты. Бұл механизм rs2228570 жеке генотиптерінің 

немесе аллельдерінің әртүрлі аурулардың сезімталдығымен, ағынымен және нәтижелерімен 

байланысын анықтайды. Осы полиморфизмнің кездесу жиілігі этникалық ерекшеліктеріне 

байланысты айтарлықтай өзгеруі мүмкін. Зерттеу нәтижелері бойынша қазақтар арасында VDR 

генінің rs2228570 бірнуклеотидті полиморфизмінің ең жиі кездесетін генотиптері AG (32,8 %) және 

GG (25,2 %) болды. Ең сирек кездесетіні — ТТ (1,7 %) және СС (0,8 %) гомозиготалары. Осы 

зерттеуде rs2228570 барлық төрт аллельдің таралуы алғаш рет бір уақытта анықталды. Басым аллель 

G (51,3 %) болды, А (31,0 %) — сирек кездеседі, ал С және Т аллельдері ең сирек кездеседі 

(сәйкесінше 11,8 % және 5,9 %). Rs2228570 ағзаның әртүрлі ауруларға, соның ішінде COVID-19-ға 

бейімділігіне әсер ететін ықтимал фактор ретінде одан әрі зерттеудің ықтимал маңыздылығы 

көрсетілген. 

Кілт сөздер: D дәрумені рецепторының (VDR) гені, VDR генінің бірнуклеотидті полиморфизмі, 

rs2228570, генотиптердің кездесу жиілігі, аллельдердің кездесу жиілігі, қазақ этникалық тобы, D 

дәрумені, D дәрумені рецепторы. 
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В.В. Протас, Г.П. Погосян, К.Г. Ли, М.П. Даниленко 

Частота встречаемости однонуклеотидного полиморфизма rs2228570  

гена рецептора витамина D (VDR) среди представителей  

казахской этнической группы 

В статье представлены результаты исследования частоты встречаемости генотипов и аллелей одно-

нуклеотидного полиморфизма (SNP) rs2228570 гена рецептора витамина D (VDR) среди представите-

лей казахской этнической группы, проживающих в Карагандинской области. Генотипирование данно-

го SNP осуществлялось методом полимеразной цепной реакции в режиме реального времени с ис-

пользованием технологии TaqMan. Актуальность исследования обусловлена тем, что генетические 

вариации rs2228570 влияют на синтез белка-рецептора витамина D и его активность как транскрипци-

онного фактора, регулирующего экспрессию других генов. Данный механизм обусловливает ассоциа-

цию отдельных генотипов или аллелей rs2228570 с восприимчивостью, течением и исходами различ-

ных заболеваний. Частота встречаемости данного полиморфизма может сильно варьироваться в зави-

симости от этнической принадлежности. По результатам исследования, наиболее часто встречаемыми 

генотипами однонуклеотидного полиморфизма rs2228570 гена VDR среди казахов стали AG (32,8 %) 

и GG (25,2 %). Самыми редкими — гомозиготы ТТ (1,7 %) и СС (0,8 %). Следует отметить, что в на-

стоящем исследовании впервые была одновременно выявлена распространенность всех аллелей 

rs2228570. Преобладающей аллелью стала G (51,3 %), менее распространенной — А (31,0 %), а аллели 

С и Т — наиболее редко встречаемые (11,8 % и 5,9 % соответственно). Показано потенциальное зна-

чение дальнейшего изучения rs2228570 как возможного фактора, влияющего на восприимчивость ор-

ганизма к различным заболеваниям, в том числе и COVID–19. 

Ключевые слова: ген рецептора витамина D (VDR), однонуклеотидный полиморфизм гена VDR, 

rs2228570, частота встречаемости генотипов, частота встречаемости аллелей, казахская этническая 

группа, витамин D, рецептор витамина D. 
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