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ABSTRACT 

BACKGROUND  

Vitamin D receptor (VDR), a member of the steroid hormone receptor family is involved in a variety of biological processes such as 

bone metabolism, modulation of immune response, regulation of cell proliferation and differentiation. Polymorphisms in VDR gene 

has been linked to a number of diseases like osteoarthritis, cancer, diabetes, etc. Since ethnic variations has been reported in the 

allele frequency of VDR polymorphisms, population specific data has to be generated before conducting a valid genetic association 

study. 

The aim of this study was to identify the distribution of VDR Fok-I polymorphism in the healthy individuals of Kerala, South 

India. 

 

MATERIALS AND METHODS  

This study was conducted on 152 unrelated individuals of Kerala. Detection of VDR Fok-I polymorphism was done by PCR-RFLP. 

The allele and genotype frequencies were calculated from the genotype data. Genotype frequencies of different populations were 

compared with that of ours using Chi square test. 

 

RESULTS  

The genotype distribution of VDR Fok-I in this population followed Hardy-Weinberg equilibrium. Significant variations were 

observed on comparing our genotype distribution with that of data from previous studies in different populations confirming 

ethnic variation in genotype frequency. Variations between different population groups within India were also observed. 

 

CONCLUSION  

This study confirms ethnic variations in the VDR Fok-I genotype distribution indicating the need for generating population specific 

data for different ethnic groups. Establishing such specific databases is essential for valid genetic association studies. 
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BACKGROUND 

Vitamin D, also known as Calciferol, is a fat soluble vitamin. 

Calcitriol, the biologically-active form of vitamin D, regulates 

the concentration of calcium and phosphate in the 

bloodstream. It also affects neuromuscular function and 

inflammation, cell proliferation, differentiation and 

apoptosis.1 Vitamin D receptor (VDR) is a member of the 

steroid hormone receptor family that binds the active form of 

Vitamin D (1,2,5-dihydroxyvitamin D3) and interacts with the 

target cell nuclei to produce variety of biological effects. The 

binding of vitamin D to VDR is essential for the maintenance 

of calcium and phosphorous levels in the blood and the 

maintenance of mineral density. VDR is also known to be 

involved in cell proliferation and differentiation. A role for 

vitamin D in a number of diseases like, diabetes, cancer, 

cardiovascular diseases, etc. has been reported. The 

biological activity of Vitamin D is exerted through VDR-

mediated control of target genes.2 
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Vitamin D receptor (VDR) is expressed throughout the 

body on a wide variety tissues and cells such as heart, kidney, 

immune cells etc. Hence, it has been associated with several 

renal, cardiovascular and inflammatory diseases. Several 

DNA sequence variations known as polymorphisms have 

been reported in VDR gene. These polymorphisms can have 

biological effects. Polymorphisms in the VDR gene is known 

to be associated with a number of diseases like osteoarthritis, 

diabetes, cancer, rickets, immunological diseases, etc. The 

effect of VDR polymorphisms on disease susceptibility has 

been widely investigated.3 

VDR protein is encoded by the VDR gene located on 

human chromosome 12 q12-q22 region.4 It consists of 11 

exons that span approximately 75 kb. The non-coding 5’ end 

of the VDR gene includes exons 1A, 1B and 1C. Eight exons 

encode the structural portion of the VDR gene which is 427 

amino acids long with a molecular weight of 48289 daltons.5 

Most of the polymorphisms in the VDR gene has been 

found to be in the 5’ promoter and 3’ UTR regions. The three 

adjacent RFLPs BsmI, ApaI and TaqI at the 3’ end and the 

thymine/cytosine polymorphism at the first potential start 

site of VDR gene are the most frequently studied. The 

polymorphisms in the 3’ UTR region are most probably 

associated with mRNA stability6 while the Fok-I 

polymorphism has been shown to affect the activity of the 

protein. The short 424 aa VDR protein variant corresponding 

to the C allele (F) was found to be 1.7-fold more active than 

the long 427 aa variant corresponding to the T allele (f).7 
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Genetic and epidemiological studies in the VDR gene will 

provide insight into the association between disease and VDR 

alleles. Since ethnic variation in allele frequency is widely 

documented,3,8 population specific data of VDR 

polymorphism has to be generated before conducting a valid 

genetic association study. In this study, we determined the 

frequency of VDR Fok-I polymorphism in a sample of Indian 

population. The allele frequencies were compared with those 

of other populations. We also verified whether the allelic 

distribution followed Hardy-Weinberg equilibrium. 

 

MATERIALS AND METHODS 

Sample Size and Data Collection 

This was an observational study approved by the 

Institutional Ethics Committee. sample size used for 

convenience. Written informed consent was obtained from all 

the participants. 3 mL blood sample from each participant 

was collected into EDTA coated tubes. 

 

Genotyping 

Genomic DNA was isolated from blood samples by salting out 

method.9 

VDR Fok-I polymorphism was analysed by PCR-RFLP 

method. The primers used for the PCR reaction were forward 

- 5’-AGCTGGCCCTGGCACTGACTCTGCTCT-3’ and Reverse - 5’-

ATGGAAACACCTTGCTTCTTCTCCCTC-3’.10 PCR reaction was 

carried out in 20 µL reaction volume, containing 50ng of 

template DNA, 1.5 mM MgCl2, 0.2 mM dNTPs (Fermentas, 

USA), 10 picomoles of each primer, 1U of Taq polymerase 

(Sigma-Aldrich, India) and 1X Taq buffer. The cycling 

conditions consisted of an initial denaturation of 2 minutes at 

95°C, followed by 35 cycles of 94°C for 30 seconds, annealing 

at 58°C for 30 seconds and extension at 72°C for 45 seconds. 

A final extension was given at 72°C for 10 minutes. The PCR 

products were confirmed by agarose gel electrophoresis. 

For PCR-RFLP analysis, the PCR product was digested 

with Fok-I restriction enzyme. Restriction digestion was done 

at 37˚C for 5 minutes using 5 units of Fok-I fast digest enzyme 

(Fermentas, USA). The digested products were checked by 

agarose gel electrophoresis. Three different patterns were 

obtained: the FF genotype without the Fok-I restriction site 

showed only a single uncut band of 265 bp size, ff genotype 

generated two bands of 196 and 69 bp and heterozygous Ff 

showed three bands of size 265, 196 and 69 bp. 

 

Statistical Analysis 

The genotyping data was used to estimate the allele 

frequencies and genotype frequencies. To verify whether the 

VDR Fok-I genotype distribution was in Hardy-Weinberg 

Equilibrium, the data was analysed using the chi-square test 

and the Hardy-Weinberg equilibrium calculator.11 Genotype 

frequencies of different populations were compared with that 

of ours using chi square test.12 

 

RESULTS 

VDR Fok-I allele frequencies and genotype distributions in 

the Kerala population are shown in Table 1. Of the total 152 

samples analysed, 84 were homozygous FF, 56 were 

heterozygous Ff and 12 were homozygous ff. The allele 

frequency of F was 73.86% and that of was 26.31%. The data 

obtained was analysed to verify if it was in Hardy-Weinberg 

equilibrium. The observed genotype frequency was used to 

calculate the expected frequency. Chi-square analysis was 

done to compare the observed and expected frequencies. A 

chi-square value of 0.38 with a p-value of 0.8269 at 0.05 

significance level was obtained. This confirmed that the 

difference in the observed and expected genotype values 

were due to chance alone and hence the VDR Fok-I genotype 

distribution in the Kerala population is in Hardy-Weinberg 

equilibrium. 

The frequency distribution of VDR Fok-I genotype of our 

population was compared with those found in previous 

studies (Table 2). Considerable variations were observed in 

the genotype distribution between ours and other 

populations. A goodness of fit test revealed that significant 

variations exist in the VDR Fok-I genotype distribution of 

Japanese, French, Canadian, European and Chinese Han 

populations when compared with our population. As 

expected, the genotype distribution of South Indian 

population obtained from a previous study was not 

significantly different from that of ours, but there was 

significant difference in the VDR Fok-I genotypes between 

North Indian population and our population. 

 

 Genotypes n (%) 
Allele  

Frequencies n (%) 

N FF Ff Ff F f 

152 
84  

(55.26) 
56  

(36.84) 
12  

(7.89) 
224 

 (73.86) 
80  

(26.31) 

Table 1. Genotype Distribution and Allele Frequencies of 
VDR Fok-I Polymorphism in the Healthy Population of 

Kerala, India 

 

Country/ 
Ethnicity 

No. 
Genotype (n) 

p-value Reference 
FF Ff Ff 

Kerala,  
India 

152 84 56 12 ref* 
Present 

Study 
North 
Indian 

346 152 170 24 0.0385 (S) † 13 

South  
Indian 

80 43 29 8 0.8624 (NS) ‡ 14 

North 
Indian 

160 80 79 1 0.0014 (S) † 15 

Japanese 249 92 127 30 0.0015 (S) † 16 

Chinese  
Han 

176 55 78 43 
0.0000028 (S) 

† 
17 

European 2154 804 1036 314 0.00004 (S) † 18 

French 
Canadian 

1381 517 647 217 0.00005 (S) † 19 

Table 2. VDR Fok-I Genotype Distributions of Various 
Populations in Comparison with Kerala Population 

 

* Reference population, † Significant; ‡ Not significant 

(p>0.05) 

 

DISCUSSION 

Large numbers of biological process are modulated by the 

vitamin D endocrine system including bone metabolism, 

modulation of the immune response, and regulation of cell 

proliferation, calcium absorption from the gut, and 

differentiation. Any defect in the VDR gene could modulate 

the metabolism of calcium thereby increasing the risk of 

developing different diseases mainly osteoporosis and 

calcium stones. Variation in the vitamin D receptor sequence 

have been linked to several other diseases like diabetes, 

cancer, asthma, SLE, cardiovascular diseases, tuberculosis, 

etc. Genetic and epidemiological studies in VDR gene facilitate 

the study of association between disease conditions and 

molecular sequences. Since genotypic frequency of each 
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population is different, population specific data of VDR 

polymorphism has to be generated before conducting a valid 

genetic association study.  

Variations in the vitamin D receptor sequence have been 

linked to several diseases. The most frequently studied 

polymorphisms in VDR gene are BsmI, ApaI, and TaqI, at the 

3’ end of the VDR gene and thymine/cytosine polymorphism 

(Fok-I) located at the first potential start site. Polymorphisms 

in 3’ UTR region are probably non-functional, and are in 

linkage disequilibrium (LD) with one or more truly functional 

polymorphisms elsewhere in the VDR gene. However, Fok-I 

polymorphism is not in LD with any of the other 

polymorphisms and hence is considered as an independent 

marker in itself especially in diseases related to calcium 

metabolism. 

In this study, polymorphism present in the exon 2 of VDR 

gene was detected using the enzyme Fok-I by PCR-RFLP 

analysis. VDR Fok-I genotype frequency was obtained for the 

control population. In case-control studies, the control 

population must be in Hardy-Weinberg Equilibrium. 

Otherwise that will be a faulty base data. In this study, the 

genotype frequency analysis was done and it was found to be 

in Hardy-Weinberg Equilibrium confirming that this can be 

definitely used as a background data for large population 

studies in future. 

The allele frequency differences between ethnic groups 

most likely results from evolutionary process and population 

genetic behaviour. The findings of this study confirm ethnic 

variations in the VDR Fok-I genotypes. These variations are 

relevant in that they form the basis for the correlation 

between genotype and incidence of different diseases in such 

groups. In a previous study, variation in VDR Fok-I genotype 

distribution between Indian and world population was 

reported.12 Our study reports variation between different 

population groups within India. The VDR Fok-I genotypes of 

the population of Kerala which is a South Indian state were 

similar to that of an earlier study conducted in South Indian 

population which included samples from Tamil Nadu, 

another South Indian state.13 But our results were 

significantly different from the results of two different studies 

conducted in North Indian population.14,15 India being a 

multi-ethnic population, these results suggest that separate 

genotype data should be generated for each (ethnic) group 

before establishing epidemiological databases for valid 

genetic association studies. 

 

CONCLUSION 

The functional effect of the VDR polymorphisms might be 

same since the physiological role of VDR remains unchanged 

in different ethnic populations. However, these 

polymorphisms may be helpful in predicting the incidence of 

disease/phenotype between such groups. Association studies 

can indicate which VDR genotype is most likely associated 

with the disease causing genes, and hence can serve as 

diagnostic markers. 
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