
 

64 
 

Duhok Medical Journal                                                                                  Volume 17, Issue 1, 2023 

 
VITAMIN D RECEPTOR GENE APAI AND TAQI POLYMORPHISM IN 

PATIENTS WITH TYPE II DIABETES MELLITUS USING PCR-RFLP METHOD 
IN KURDISTAN REGION 

 
GALAWEZH O. OTHMAN, MSC, PHD* 

MUKHLIS H. AALI, MSC, PHD ** 
CHIMAN H. SAEED BSC, MSC*** 

HISHYAR A. NAJEEB, MSC, PHD**** 
 
Submitted 9th September 2022; accepted 7th October 2022 
 
ABSTRACT 
 

Background: Type 2 diabetes mellitus that characterized by insulin resistance and it is a risk 
of many diseases the impact of genetic factors on diabetes is well documented. Vitamin D 
receptor (VDR) gene polymorphisms have been linked to T2DM. In this study, we analyzed 
the relation between TaqI and ApaI VDR gene polymorphisms and T2DM subjects by using 
the PCR-RFLP method in Kurdish patients.  
Material and Methods: Forty patients with T2DM and 30 uninflected individuals were 
included in this study. Genomic DNA was amplified using PCR and VDR gene was analyzed 
by the PCR-RFLP method. The ApaI product G allele yielded fragments of 528 and 217 bp; 
T allele, 745 bp, and TaqI T allele yielded fragments of 494 and 251 bp; C allele, 293, 251, 
and 201 bp.  

Results: Forty patients with T2DM and 30 uninflected individuals have been studied, both 
patients and the control group were age-matched, (43.59%) of patients have had a family 
history of type2 Diabetes. The allele and genotype frequencies of the VDR TaqI (g.60058 
T>C) gene and VDR ApaI (g.59979 G>T) gene polymorphisms were investigated. In VDR 
TaqI (T>C) gene polymorphism genotypes are expressed as TT in normal wild-type 
homozygote, TC in the heterozygote, and CC in the homozygote mutant polymorphic 
genotype. There were statistically significant differences between patients withT2DM and 
controls regarding the distribution of TaqI genotypes and alleles (p< 0.0001) and no 
significant difference regarding ApaI alleles (P=0.5532). 
Conclusion: Current study findings demonstrated no associations between ApaI 
polymorphism and Kurdish T2DM patients and only associations between VDR TaqI gene 
polymorphism, it can be assumed that VDR and its exon 9 polymorphism are crucial in the 
pathogenesis of T2DM. 
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wo major forms of vitamin D which 
are called calciferol exist one of 

them that is largely ingested is called 
vitamin D2 and another one is called 

vitamin D3. These two forms of vitamin D 
are activated enzymatically by 
hydroxylation reactions. The first 
activation occurs in the liver forming 25- 
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hydroxyvitamin D that is mediated by 25-
hydroxylase and the second is mediated by 
 hydroxylase in the kidney forming-ߙ 1
calcitriol (1,25 dihydroxy vitamin D) 
which is a final activated product1.  The 
most important contemporary medical 
problem is Type 2 diabetes mellitus 
(T2DM) characterized by insulin 
resistance and it is at risk of many diseases 
such as cardiovascular disease, kidney 
failure, blindness, neuropathy, and 
peripheral circulatory disease2. Resistance 
of insulin action and the defect of its 
secretion leads to many metabolic defects 
such as disturbance in protein, 
carbohydrate, and lipid metabolism. Both 
environmental factors and genetics 
influence T2DM and T1DM 
development1,3.  
There is an important role of vitamin D in 
insulin release and normal glucose 
tolerance. It plays this role through its 
impact on binding to a specific 
intracellular receptor called vitamin D 
receptor (VDR). Vitamin D induces 
glucose tolerance by complex of Vitamin 
D and VDR which induce insulin secretion 
IURP� SDQFUHDWLF� ȕ-cells. The gene that is 
responsible for VDR is located at the 
12q13 chromosome and in this region 
there are many polymorphisms the most 
crucial ones are ApaI, TaqI, and BsmI. 
These genes are among those which 
influence T2DM development1. Angel et 
al (2018) reported that FokI, BsmI, TaqI, 
and ApaI are the most prevalent VDR 
single nucleotide polymorphisms (SNPs)4. 
Insulin secretion can be affected by genetic 
polymorphism of VDR gene enhancing 
insulin resistance which may in turn 
influence vitamin D metabolism from 
synthesis, transportation, and their active 

forms. It was concluded that single 
nucleotide polymorphisms (SNP) in the 
VDR gene modulate insulin secretion, 
glucose intolerance, and sensitivity5. 
The gene product that mediates vitamin D 
action is called vitamin D binding protein 
(DBP). Cholecalciferol enters the 
bloodstream through binding to DBP. 
Fatma and Abdul (2019) reported that 
VDR gene genotype BsmI polymorphism 
found in intron 8is related to the onset of 
type 2 diabetes mellitus and TaqI 
polymorphism with obesity and early onset 
T2DM5. 
The normal functioning of pancreatic beta 
cells regulate by vitamin D and the 
deficiency of this vitamin has been 
reported to be associated with T2DM 
various polymorphisms of the VDR gene 
have been identified as a risk factor for 
T2DM  and the most often studied VDR 
polymorphisms (single nucleotide 
polymorphisms [SNPs]) are FokI (T/C; 
rs2228570), BsmI (A/G; rs1544410), ApaI 
(A/C; rs7975232), and TaqI (C/T; 
rs731236)6. 
Our study aimed to use the PCR-RFLP 
technique in the Kurdistan Region of Iraq 
to detect and identify the VDR gene ApaI 
and TaqI polymorphism and its 
relationship to type 2 diabetes mellitus. 
 
MATERIALS AND METHODS 
 Forty patients with T2DM (19 females 
and 21 males), and 30 uninflected 
individuals, were investigated in the 
present study. Twelve females and 
eighteen males mean age טSD. (55.2 ± 
5.39), while in the case of the family 
history (43.59%%) type2 Diabetes was 
positive and (56.40%) negative. The 
samples enrolled in this study were 
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obtained from Layla Qassim Diabetic 
Center in Erbil City. The study was 
approved by the biology department and 
carried out in the science college's biology 
department at the University of Salahaddin 
Erbil (SUE). Patients were diagnosed in 
accordance to American Diabetes 
Association (ADA) and World Health 
Organization (WHO) standards, and 
everyone involved in the present study was 
made aware of it. 
Two to four milliliters of human venous 
blood samples were drawn and placed in 
sterile EDTA tubes using a sterile syringe. 
The DNA was extracted from patient 
whole blood samples via a DNA extraction 
kit (Promega-USA) and kept at -20 0C 
until use.Primers for each SNP were used 
in the PCR (polymerase chain reaction) 
technique to amplify genomic DNA, and 
the PCR-RFLP method was used to 
analyze the VDR gene. By using primers a 
745-bp fragment was amplified; Forward: 
5ƍ-CAGAGCATGGACAGGGAGCAAG-
3ƍ� DQG� 5HYHUVH��ƍ-
ACTCCTCATGGCTGAGGTCTCA-3ƍ�-
7.  
The PCR conditions program was 
performed at 950C for 5 min (initial 
denaturation), 35 cycles consisting of 
940C for 25 s, 640C for 30 s primer 
nailing and 720C for 45 s, and 720C for 5 
PLQ��ILQDO�H[WHQVLRQ���3&5�SURGXFWV����ȝO��
of the VDR gene were digested in a 20-ȝO�
reaction volume for 5 hr with 1.5 U of 
ApaI restriction enzyme (Promega-USA) 
at 370C and TaqI R.E at 650C. The 
products of restriction enzyme digestion 
were analyzed on 2% agarose gel 
electrophoresis and staining with Ethidium 
bromide after that visualized under UV 
light. In the presence of the T-allele, there 

was no restriction enzyme cleavage site 
and a product of 740 bp was obtained. In 
subjects carrying ‘G-allele’, the cleavage 
products of 529 and 215 bp were detected. 
Allele ‘T’ was associated with the 
presence of 495bp and 245bp cleavage 
products while allele ‘C’ was assigned in 
the presence of 290, 245, and 210-bp 
fragments respectively. The ApaI product 
G allele yielded fragments of 528 and 217 
bp; T allele, 745 bp, and TaqI T allele 
yielded fragments of 494 and 251 bp; C 
allele, 293, 251, and 201 bp2.  
 
STATISTICAL ANALYSIS: 
The Statistical Package for Social Science 
SPSS version(24), Graphpad prism version 
6, and , computer software and were used 
for analyzing our data in the current study. 
The significance of the association 
between T2DM and Controls data was 
assessed by using the Chi-VTXDUH� �Ȥ��� WHVW�
for association between two groups. Both 
genotype and allelic odds ratio and 95% 
confidence interval were calculated to 
determine the association of VDR gene 
ApaI and TaqI gene polymorphisms with 
T2DM. A p-value of less than 5% (p<0.05) 
was set to be statistically significant. 
 
RESULTS 
In the present study forty patients with 
T2DM (19 females, mean age טSD of age 
55±3 years, and 21 males, mean age טSD 
of age 57±4 years). Patients diagnosed in 
accordance with the American Diabetes 
Association (ADA) and World Health 
Organization’s (WHO) criteria8 and 30 
uninflected  individuals (free from any 
ailments), were investigated in this study. 
Twelve females and eighteen males mean 
age טSD. (55.2 ± 5.39), while in the case 
of family history (43.59%) type2 Diabetes 
was positive and (56.40%) negative. In this 
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prospective study, both patients and the 
control group were age-matched.  
Table 1: Parameters of the demographic for 

patients with Type 2 diabetes mellitus 
and control Subjects 

Variations Patients Control Subjects 

Subjects (n) 40 30 
Gender (M/F) 21/19 18/12 
Age (Years) 56±3.5 55.2 ± 5.39 

M: Male, F: Female 

The allele and genotypes frequencies of 
the VDR TaqI (g.60058 T>C) (in exon 9) 
and VDR ApaI (g.59979 G>T) (in intron 
8) genes polymorphisms were investigated 
and compared between 40 patients 
(T2DM) and 30 healthy control persons, as 
illustrated in Table 2 and 3, respectively. 

 

Table 2: Genotype/allele frequency of VDR TaqI (T>C) gene polymorphism in patients with T2DM and 
healthy control group 

Genotypes/Allele 
Frequency of 
Healthy Controls 
(N= 30) and (%) 

Frequency of 
T2DM Patients 
(N= 40) and (%) 

OR (95% CI) P-Value 

g.60058 T>C      
TT (Wild type) 20 (66.67%) 4 (10 %) 0.08 0.01911 to 0.3349 0.0002 
TC (Heterozygous) 4 (13.33%) 21 (52.50 %) 2.1 0.5033 to 8.762 0.3032 
CC (Mutant) 6 (20%) 15 (37.50 %) 12.5 2.986 to 52.32 0.0002 
T – Allele 44 (73.33%) 29 (36.25 %) 0.2068 0.09947 to 0.4298 < 0.0001 
C – Allele 16 (26.67%) 51 (63.75 %) 4.836 2.327 to 10.05 < 0.0001 

T2DM: Type 2 diabetes mellitus, OR: Odds Ratio, CI: Confidence Interval 
 

Table 3: Genotype/allele frequency of VDR ApaI (G>T) gene polymorphism in patients with T2DM and 
healthy control group 

Genotypes/Allele 
Frequency of 

Healthy Controls 
(N= 30) and (%) 

Frequency of 
T2DM Patients 
(N= 40) and (%) 

OR (95% CI) P-Value 

g.59979 G>T      
GG (Wild type) 12 (40.0 %) 18 (45.0 %) 1.35 0.4233 to 4.306 0.5532 
GT (Heterozygous) 9 (30.0 %) 12 (30.0 %) 0.7407 0.2323 to 2.362 0.6116 
TT (Mutant) 9 (30.0 %) 10 (25.0 %) 1.2 0.3443 to 4.182 0.7746 
G – Allele 33 (55.0 %) 48 (60.0 %) 1.227 0.6233 to 2.416 0.5532 
T – Allele 27 (45.0 %) 31 (40.0 %) 0.8148 0.4138 to 1.604 0.5532 

T2DM: Type 2 diabetes mellitus, OR: Odds Ratio, CI: Confidence Interval. 
 

In VDR TaqI (T>C) gene polymorphism 
genotypes expressed as TT in normal wild-
type homozygote, TC in the heterozygote, 
and CC in the homozygote mutant 
polymorphic genotype. In the normal TT 
genotype, two bands of 494 bp and 251 bp 

were produced. In heterozygote TC 
genotype, four bands of 494 bp, 293 bp, 
251, and 201 bp were indicated, in 
homozygote CC genotype (mutant) three 
bands of 293 bp, 251 bp, and 201 bp were 
produced (Figure 1). 
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Figure 1: Agarose gel electrophoresis (2%) illustrating PCR-RFLP products obtained in Type 2 diabetes 

mellitus (T2DM) patient cases of the genotyping VDR TaqI (g.60058 T>C) (in exon 9) gene 
polymorphism. Lanes 1-5: undigested PCR products. Lanes 6, 12, 14, 16, 17, and 18 
represented 494 and 251 bp amplified bands of the polymorphisms of the VDR TaqI gene for 
the (TT) genotype (homozygous, wild type). Lanes 8, 10, 11, 13, and 15 revealed 494, 293, 251, 
and 201 bp amplified bands of the polymorphisms of the VDR TaqI gene for the (TC) genotype 
(heterozygous). Lanes 7 and 9 exhibited 293, 251, and 201 bp amplified bands of the 
polymorphisms of the VDR TaqI gene for the (CC) genotype (homozygous, mutant). Lane L 
indicated known standard sizes of (100 – 3000 bp) DNA Ladder. 

 

Moreover, genotypes expressed in VDR 
ApaI (G>T) gene polymorphism as GG in 
normal wild-type homozygote, GT in the 
heterozygote, and TT in the homozygote 
mutant polymorphic genotype. In the 
normal GG genotype, two bands of 528 bp 

and 217 bp were obtained. In the 
heterozygote GT genotype, three bands of 
745 bp, 528 bp, and 217 bp were yielded; 
in the homozygote TT genotype (mutant) 
only one band of 745 bp was detected 
(Figure 2). 

 
Figure 2: Agarose gel electrophoresis (2%) representing PCR-RFLP products obtained in Type 2 diabetes 

mellitus (T2DM) patient cases of the genotyping VDR ApaI (g.59979 G>T) (in intron 8) gene 
polymorphism. Lanes 1: undigested PCR product. Lanes 2, 11, 13, 5, and 17 showed 528 and 
217 bp amplified bands of the polymorphisms of the VDR ApaI gene for the (GG) genotype 
(homozygous, wild type). Lanes 3, 6, 7, 8, 9, 10, 12, 16, 18, 19, 20, and 23 observed 745, 528, and 
217 bp amplified bands of the polymorphisms of VDR ApaI gene for (GT) genotype 
(heterozygous). Lanes 5, 14, 21, 22, and 24 demonstrated a 745 bp amplified band of the 
polymorphisms of the VDR ApaI gene for the (TT) genotype (homozygous, mutant). Lane L 
indicated known standard sizes of (100 – 3000 bp) DNA Ladder. 
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There were 40 patients of the 40 patients, 
had a family history of T2DM and 
comprised the prevalence of 18 (45%) GG 
(not polymorphic, wild-type), 12 (30%) 
GT (heterozygous), and 10 (25%) TT 
(homozygous, polymorphic) genotypes of 
ApaI, while they had the prevalence of 4 
(10%) TT (not polymorphic, wild-type), 
21 (52.50%) TC (heterozygous) and 15 
(37.50%) CC (homozygous, polymorphic) 
genotypes of TaqI polymorphisms. As a 
result, the assessment of the 
polymorphisms within g.60058T>C exon 9 
of the VDR gene by TaqI restriction 
digestion illustrated significant differences. 
Tables 2 and 3 demonstrated that in T2DM 
cases and the healthy group a significant 
difference was observed in the VDR gene 
g.59979TT (homozygous mutant) and 
g.60058CC (homozygous mutant) 
genotypes, respectively. Similarly, it was 
also revealed that association of T2DM to 
VDR g.59979T and g.60058C alleles was 
significant, in comparison with healthy 
controls. 
Table (2) illustrates the frequency of the 
genotypes, odds ratio (OR), 95 % 
confidence intervals (CI), and a p-value of 
VDR TaqI (T>C) gene polymorphism in 
both T2DM patients and healthy control. 
Those patients with (CC) genotypes 
(mutant) were 12.5- fold significantly 
higher (P= 0.0002) to develop T2DM and 
those with (TC) and (TT) genotypes were 
2.1- fold and 0.08- fold not significantly 
higher (P= 0.3032 and P= 0.0002) to 
develop T2DM, respectively. Additionally, 
those patients carrying the C allele of the 
VDR gene g.59979 polymorphic site show 
greater susceptibility to developing T2DM 
cases by 4.836- fold (OR 4.836; 95% CI, 
2.327 to 10.05; P-value < 0.0001) as 

compared with wild type TT genotype 
(Table 2). 
Table 3 observed the frequency of the 
genotypes, odd ratio (OR), 95 % 
confidence intervals (CI), and a p-value of 
VDR ApaI (G>T) gene polymorphism in 
both T2DM patients and healthy control. 
Those patients with (TT) mutant genotypes 
were 1.2- fold not significantly higher (P= 
0.7746) protected to develop T2DM. 
Besides, the T-allele of VDR gene g.60068 
polymorphic site is not significantly 
positively associated with T2DM by 
0.8148 fold (95% CI, 0.4138 to 1.604, P= 
0.5532) and was not a risk factor for 
T2DM (Table 3). 
 
DISCUSSION 
A receptor of vitamin D has an impact on 
the progression of Type 2 Diabetes 
Mellitus and on insulin action besides 
inflammatory complications, such as 
nephropathy. It noted that many factors 
related to the immune serve crucial roles in 
the pathogenesis and etiology of Type 2 
Diabetes Mellitus9,10. 
As displayed in Table (1) the results 
represented that 43.59% of Type2 Diabetes 
Mellitus individuals had a positive family 
history of Patel diabetes, whereas 56.40% 
were negative; these results coincide with 
the results of the study done by Geetha et 
al., (2017) who found that 68.8% of the 
Type 2 Diabetes Mellitus participants in 
his study had a family history of 
diabetes11. Other studies observed similar 
findings which showed a positive family of 
diabetes (66.2% and 67% respectively)12. 
American Diabetes Association (ADA) 
and World Health Organization (WHO) 
confirmed that the chief risk factor for 
diabetes is a family history and added that 
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patients who had a family history of 
diabetes are 2-6 times more likely to 
develop T2DM compared to patients 
without a family history13. Vitamin D 
participates in glucose metabolism and 
insulin release as well as it is related to the 
incidence of T2DM. Vitamin D receptor 
gene polymorphism cause insulin 
resistance due to it is effect on insulin 
secretion. In early 1990, some VDR 
variants have been investigated such as; 
ApaI, BsmI, EcoRV, TaqI, Tru9I, FokI, 
and CDX2, and recently, one of them has 
not been found associated with T2DM that 
has restriction fragment length 
polymorphism for ApaI14. 
In current study, we researched the 
correlation of VDR TaqI (g.60058 T>C) 
(in exon 9) and VDR ApaI (g.59979 G>T) 
(in intron 8) genes polymorphisms in type2 
diabetic patients and healthy groups. 
Most studies have described several 
polymorphisms in the VDR gene, such as 
BsmI and ApaI which are positioned in 
intron 8 and TaqI in exon 9. Chronic 
diseases caused by inflammation, 
infection, and autoimmunity such as 
Graves’ disease, prostate cancer,  
Hashimoto’s thyroiditis, and Type 1 and 
T2D have been related to these VDR 
genes4. VDR polymorphisms are linked 
with deficiency of vitamin D and have 
been found that this deficiency predisposes 
to T2DM so the relation between T2DM 
onset and VDR polymorphisms gene has 
focused on it by several studies14.  
According to the results in a table (2) and 
table (3), the genotype of TaqI(T>C) gene 
polymorphisms represented that there were 
significant differences between a patient 
with T2DM and healthy group were 
founded and in the control group the TT 

genotype of Taq1 was more frequent than 
T2DM group. Furthermore, the TC allele 
and CC allele were more frequent in the 
T2DM group. Whereas the results were 
not approved any significant differences 
between the T2DM group and control 
group in both ApaI genotypes of VDR, 
other studies also showed a similar 
finding1,2,15,16. Hence, it may that copy 
numbers of VDR mRNA have been 
decreased in our patients and increased 
levels of insulin secretion may be 
associated with the TT genotype. 
The results obtained for VDR TaqI in table 
(2) found that patient with (CC) genotypes 
(mutant) was significantly higher (P= 
0.0002) to develop T2DM and those 
patients carrying the C allele of VDR gene 
g.59979 polymorphic site shows a greater 
susceptibility to develop T2DM cases by 
4.836- fold as compared with wild type TT 
genotype, whereas those with (TC) did not 
confirm any difference (P= 0.3032). 
Another study in the Iranian population 
found that TaqI genotype between T2DM 
patients and control group confirmed a 
major difference and, in their result, 
showed that TT genotype is decreased in 
T2DM patients’ group so that he indicated 
that a major difference between the Taq1 
evaluated genotype of exon 9 within the 
VDR gene between the diabetic group and 
controls7. Ma et al., (2020) observed that 
T2D patients had a higher significance of 
TaqI heterozygous mutant, and he clarified 
that insufficient or deficient vitamin D 
levels and homozygous or heterozygotes 
mutants of TaqI polymorphism predispose 
to T2D development, and he concluded 
that variants of VDR polymorphisms and 
deficiency of vitamin D are greatly 
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associated with the susceptibility to 
T2DM18. 
In his research, Al-Hazmi (2019) 
examined and looked at VDR. Based on 
VDR genotypes, his findings revealed 
important differences in TaqI 
polymorphism in the two groups (those 
with T2DM and controls). He furthermore 
looked into the fact that the TT allele was 
more common in the control group, 
whereas the TT genotype was significantly 
more prevalent in the T2DM group than in 
the controls19.  
We indicated that it is crucial to combine 
genotype and serum vitamin D levels for 
TaqI polymorphism with the onset of 
T2DM. Likewise, in our study, we 
observed that VDR ApaI (G>T) gene 
polymorphism in both T2DM patients and 
healthy control, and the T-allele of VDR 
gene g.60068 polymorphic is not 
significantly positively associated with 
T2DM and it is not a risk factor for T2DM 
(Table 3). In agreement with our result, the 
study done by Dilmec and his colleagues 
(2010) used Apa1 to asses VDR 
polymorphisms in type 2 diabetic patients 
and they did not  find any correlation 
between them2.   
Rivera-Leon et al (2015) revealed no 
association between ApaI polymorphisms 
and T2D (p > 0.05)19. Besides, other 
studies did not succeed to show the link 
between VDR polymorphism Apa1 and 
type 2 diabetes1,2. 
Sikander (2017) found that differences in 
ApaI allele distributions between T2DM 
subjects and control groups were 
statistically not significant, and he added 
that type 2 diabetes mellitus might 
progressed as a result of the interface 
between acquired or environmental and 

genetic factors14. A cohort from a 
multinational study found that the main 
reason for inducing type 2 diabetes is 
stress, therefore may environmental factors 
impact the effects of polymorphisms16. 
Our findings also exhibited that genotypes 
expressed in VDR ApaI (G>T) gene 
polymorphism as GG in normal wild-type 
homozygote, GT in the heterozygote, 
while TT in homozygote mutant 
polymorphic genotype. In the normal GG 
genotype, two bands of 528 bp and 217 bp 
were obtained. In the heterozygote GT 
genotype, three bands of 745 bp, 528 bp, 
and 217 bp were yielded; in the 
homozygote TT genotype (mutant) only 
one band of 745 bp was detected 
(Figure2). 
Sikander (2017) confirmed that the ApaI 
genotype indicates heterozygosity after the 
presence of three fragments (217, 528, and 
745 bp) when digested with a restriction 
enzyme14. 
Dilmec et al., (2010) reported that no 
major difference in the frequencies of 
g.59979GNT alleles and genotypes and 
they indicated that in T2DM the VDR 
gene g.59979T allele was not related with 
compared to healthy individual2. 
Because insulin is produced by pancreatic 
ȕ-cells and induced by vitamin D 
supplementation either directly by linking 
WR� 9'5� LQ� ȕ-cells or indirectly by 
stimulation of release of calcium from 
these cells and it is also impaired glucose 
tolerance and improves insulin resistance 
in T2DM patients1. 
Due to the VDR's role as a key regulator of 
the endocrine system and the onset of 
autoimmune illness, numerous genetic 
variants have been found in this gene, 
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making it an intriguing candidate for 
genetic investigations20,21.   
Conclusions: We concluded that a 
correlation was approved between TaqI 
genotypes and patients with T2DM but 
there is no association between ApaI and 
T2DM among Kurdish patients in Erbil 
City. In conclusion, VDR and it is 
polymorphism in exon 9 play a vital role in 
the pathogenesis of T2DM. 
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�Ωϧϭέ̴̯ΎΑ �̵έئΟ�̵̈έ̯Ϫη�̶ηئΧϪϧ2 �̶ γέΗϪϣ�ϭ�Εضέ̯̈Ω�̵έΎϳΩ�ϥϳϟئγϧϪ�Ϫϟ�̵έ̳έϪΑ�ϪΑ�Ϫ̯ 
�̶ ϟ̡ئ ��̈ϭέ̯ �Εϧضϣϭϳ̯ئΩ �̶ηΎΑ �ϪΑ �̈έ̯Ϫη �έϪγϪϟ �̶ϳ̈ϭΎϣئΑ �̵έϪΗ̯Ύϓ �̵έϪ̴ϳέΎ̯ �ϭ �ϪϳϳηئΧϪϧ �̵έئί  

̵Ω �ϥϳϣΎΗϳׅ �̶ϧϳΟ �̶ϣίϳϓέئϣ VDR ϪΑ T2DM ��ϡϪϟ ��̈ϭϪΗ̈ϭέΗγϪΑ�̶ ϧΎϧضϫέΎ̯ϪΑ �ϪΑ �ΩϪϳ̈ϭϪϧϳ̫ضϭΗ  
̵ίϭضη PCR-RFLP ̶ϧϳΟ�̶ϣίϳϓέئϣϳϟ̡ئ�ϥϭضϧ�̵Ωϧ̈ϭϳϪ̡�Ωέϭ̯�̶ϧΎηئΧϪϧ�ϪϟTaqI   ϭ ApaI VDR��ϭ
̶ΗϪΑΎΑ T2DM ̈ϭ̈Ωέ̰ϳη�ϥΎϣ. 

�ϥΎ̯̈ίϭضη�ϭ�ϥΎ̯̈ΩΎϣ  ��̶Η�̵έئΟ�̵̈έ̯Ϫη�ϲηئΧϪϧ�ϝ̩2  ϡض�̵Ω (T2DM) ��ϭ30  ̶γϪ̯  ��ΕγϭέΩϧϪΗ
Ο �̵Ϫ �ϥض �̵Ω �� �ϥϭϭΑ �ΩϪϳ̈ϭϪϧϳ̫ضϭΗ �ϡϪϟ̶ϧΎϧضϫέΎ̯ϪΑ �ϪΑ �ϭέϛ �ϩέϭϬ̳ �̶̰ϳϣئϧϳ  PCR   ��̶ϣϳίϧϬ

̶ϧϳΟ�Γϭ�̵Ϫ�ϥض�̵Ω�̵έϬϣϠϬ̡ VDR ̵ίϭضη�ϪΑ PCR-RFLP ̈ϭϪϳέΩ̰ضϟϭ�ϭέϟئϛضϟ.  ̶ϣϪϫέϪΑ ApaI 
̶Ο�ϲϠϳϟΔ G �̵ Ϫ̩έΎ̡  ˾˻́  ϭ˻˺̀  ̶̡�̶Α bp �ˬΎϧضϫ�ϡϪϫέϪΑT   ��ˬϝضϟϪ�̶Η745  ̈ϭ�ˬ̶̡�̶Α TaqI T �̶Η

̵Ϫ̩έΎ̡�ϝضϟϪ  494 �ϭ251 �̶̡�̶Α�ˬΎϧضϫ�ϡϪϫέϪΑC  �ˬϝضϟϪ�̶γ 293�ˬ 251ϭ�ˬ201 ̶̡�̶Α. 
�ϥΎ̯ϪϣΎΟϧϪ  ��̶Η �̶ηئΧϪϧ �ϪΑ �εئΧϪϧ �ϝ̩2  ϡض �̵Ω T2DM ϭ30  ˬ̈ϭϪϧέΩϧضϭΧ �ΕγϭέΩϧϪΗ �̶γϪ̯  

��ˬϥϭϭΑ �ϥηϪ̩ϭΎϫ �ϝ֘ئΗϧ̯ئ �̶̡ϭέ̳ �ϭ �εئΧϪϧ �ϭϭΩέϪϫ43.59�̶ ϧίضΧ �̵ϭϭ̫ضϣ �ϥΎ̯ϪηئΧϪϧ �̃  
��̵έئΟ�̵̈έ̯Ϫη�̶ηئΧϪϧ2  ίϳϓέئϣ̈έϓ�Ϫϟ�̈ϭϪϧϳض̰ئϟ��̈ϭϭΑϪϫ�ϥΎϳ̶ϗΎΗ�֘Ύ�̵Ω�̶ׅ�̶ϧϳΟ�̶ϣ VDR 

TaqI g.60058 T>C  ϭ VDR ApaI g.59979 G>T ̶ϧϳΟ�̶ϣίϳϓέئϣ�̶ϟ̶�̡ئϧϳΟ�Ϫϟ��έ̯VDR TaqI 
T>C ̵̈ϭضη �ϪΑ TT �ˬ̵ϭ̯ض �̶Η̴ئϳίئϣئϫ �̶ϳΎγΎ �̵έئΟ �ϪϟTC   ΩΗ̴ئϳίئέΗϳϫ �Ϫϟ  ��Ϫϟ �ˬϥضέΑ̈Ωϳέ̈Ω

̶γ�̶γ�Ω̰ضΗΎ̯ CC ϭϭ֘�Ϫϟ ��Ε̴ئϳίئϣئϫ�ΕϧضΗئϣ�̶̰ϳϓέئϣ�̈έϓ �̶̡ϳΎΗئϧϳΟ�Ϫϟ̵  ��̵ίϭΎϳΟ�̈ϭ̈έΎϣΎ
��̶Η�̶ϧΎ̯ϪϳϳηئΧϪϧ�Ϫ̯�̵ϪϧΎηئΧϪϧ�ϭϪ�ϥϭضϧ�Ϫϟ�ϭϭΑϪϫ�ϭΎ̩έϪΑ2  ϭ�ϡض�̵Ω  ��Ε̈έΎΑϪγ�ϪϳϪϫ�ϥΎϳ֘ئΗϧ̯ئ

̵ΎΗϳΎΗϭϧϳΟ �̶ϧΩέ̰ηϪΑΩ �ϪΑ TaqI ϥΎ̯ϪϠضϟϪ �ϭ  p< 0.0001 ̨ϳϫ �ϭ  ��ϪΑ �Ε̈έΎΑϪγ �̲ϧέ̳ �̶̯ϪϳϳίϭΎϳΟ
̶ϧΎ̯ϪϠضϟϪ ApaI P=0.5532 ϭϭΑϪϧ. 
�ϡΎΟϧϪ  ̶ϧϳΟ �̶ϣίϳϓέئϣϳϟ̡ئ �ϥϭضϧ �Ϫϟ �ΎϬϧϪΗ �Ϫ̯ �ΕϭϪ̯έ̈Ω �ϥΎϣئΑ �ΩϧΎϣϧΎ̯ϪϣΎΟϧϪ �Ϫϟ VDR TaqI ϭ  

�ϪΑ�ΕϪΑϳΎΗ�̶̯ϪϳΩϧ̈ϭϳϪ̡�̨ϳϫ�ϭ�ϪϳϪϫ APAI  ��ϩϭ�ˬϪϳϧ̡ئϣϳϟئΧϪϧ T2DM ̶ϣίϳϓέئϪ̳Ϫϟ�ϥΎΗγΩέϭ̯�̶ϧΎη
֘Ύ�̵Ω�̶ׅ�Ϫ̯�ΕضέΧΑέ̈Ω�̈ϭϪ�ΕضέϧϭΗ̈Ω )VDR  (��ϥئγ̰ϳ�Ϫϟ�Ϫϣίϳέئϣ�̈έϓ�̈ϭϪ�ϭ9  ��̲ϧέ̳�̶̰֘ئض

Ω�̶Η�̵Ϫ̯ίϳηئΧϪϧ�Ϫϟ�Ε2̳̈ض֘ض ϡض�̵Ω )T2DM .( 
��
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�ŗŮƚʳƃ¦  
  

�¾œȜŬƕ¦�®ʗŶř�Ƒż®�ʥʻƆœʯʻż�©ƚʮƀʯʴƆ ¾ ʹʻŞ�©œ Apai  �ÂTaqi  ��ŗƀȂʙʟ�¿¦ʗʳʯŪœǺ�Ƒƈœʰƃ¦� ʦ̧ʹƃ¦�ʥƆ�ȏʙȜʴƃ¦�ƏŰʙƆ�Ƒż
PCR -RFLP �ÀœʯŪ®ʙؕ�ʤॻƄſ¤�Ƒż  

  

¦ʗƋƕ¦Â �ŗॻɽƄʳƃ¦�»  ��¹ʨʻƅ§ �ʧƈ�ȑʛȞʶƅ§ �¡§¯2  ��řƈÃŕƂʺǼ �ʜʽʺʱƔ �ȑʚƅ§¶§ʛƈƗ§�ʧƈ�ʙƔʙŸƅ§ �ʧƈ�ʛʢŦ�ʨƍÃ �ʧʽƅʨʶƊƗ§  �ʛʽŝōśÃ  

ªƜʰƂʱʶʺƅ�řॽʻʽʳƅ§�¿ŕȞŮƗ§�¯ʙŸś�Ȍȃ±�ʦś��§ʙʽŠ�Șŝʨƈ�ȑʛȞʶƅ§�¶ʛƈ�ƑƆŷ�řॽŝ§±ʨƅ§�Ȉƈ§ʨŸƅ§  ʧʽƈŕʱʽž  )¯(  ¨ T2DM . �Ɠž
�řॽʻʽʳƅ§ �¿ŕȞŮƗ§ �¯ʙŸś �ʧʽŗ �řƁƜŸƅ§ �ȈʽƆʴʱŗ �ŕʻʺƁ �� �řŬ§±ʙƅ§ �Ƌʚƍ TaqI ÃApaI VDR   ŶॽŲ§ʨƈÃ T2DM �À§ʙʵʱŬŕǼ

řƂȄʛʡPCR -RFLP ¯§ʛƄƗ§�ƑŲʛʺƅ§�Ɠž. 

®¦ʦʸƃ¦  �ʔʻƃœŪƕ¦Â  ʧƈ�ÁʨƊŕŸǽ�ŕʹȄʛƈ�ʧʽŸȃ±£�ʧʽʺʹś�ʦś T2DM ��Ã30  řŬ§±ʙƅ§�Ƌʚƍ�Ɠž�ŕʺॽƆŬ�§ ʛ̄ž.  ʦś  �ʠʺʴƅ§�ʦॽʵʹś
À§ʙʵʱŬŕǼ�Ɠʻʽʳƅ§�ȑÃʨʻƅ§ PCR ʧʽŠ�ȈʽƆʴś�ʦśÃ VDR řƂȄʛʡ�řʢŬ§ʨŗ PCR -RFLP . Ȉʽƅ£�şʱƊ£ G şʱʻʺƅ§ ApaI ��ŕǽŕʤŮ

��ʧƈ528  Ã217  ʝǽřǼ  ȈʽƅƗ§��ʛʽŗT ���745 ʛʽŗ�ʝǽřǼ�  Ȉʽƅ£Ã TaqI T ��ʧƈ�ŕǽŕʤŮ�ʗʳʱƊ£494  ��Ã251  ʛʽŗ�ʝǽřǼ.C 

���ȈʽƅƗ§293��251Ã��201 ʝǽřǼ ʛʽŗ. 

ŝőœʯʹƃ¦:  ʧƈ�ÁʨƊŕŸǽ�ŕʹȄʛƈ�ʧʽŸȃ±£�řŬ§±¯�ʗʺś T2DM Ã30  ƑŲʛʺƅ§�ʧƈ�Ȉؗ�Áŕ Ãؗ���ŕʺॽƆŬ�§ ʛ̄ž  řŷʨʺʳʺƅ§Ã  ��řʢǼŕʹƅ§
ʛʺŸƅ§�Ɠž�ʧʽƂǼŕʢʱƈ���)43.59Ø(  ¶ʛƈ�ʧƈ�ƓƆœŕŷ�ťȄ±ŕś�ʦƎƔʙƅ�ƑŲʛʺƅ§�ʧƈ  �ȑʛȞʶƅ§  ��¹ʨʻƅ§�ʧƈ2��ª§¯ ʛ̄ś�Ɠž�ȘʽƂʴʱƅ§�ʦś��

ʧʽʳƅ�Ɠʻʽʳƅ§�Ȍʺʻƅ§Ã�ȈʽƅƗ§ VDR TaqI (g.60058 T>C) řॽʻʽʳƅ§�¿ŕȞŮƗ§�¯ʙŸśÃ VDR ApaI (g.59979 G>T) . 

Ɠž VDR TaqI (T>C) ȋŕʺƊƗ§  řॽʻʽʳƅ§  ʦŬŕǼ �ŕƎʻŷ �ʛʰŸʺƅ§ �řॽʻʽʳƅ§ �¿ŕȞŮƗ§ �©¯ʙŸʱƈ TT �ʨʻƅ§ �Ɠž�ȑ¯ŕŸƅ§ �ȑʛʰƅ§ �¹  

homozygote ��TC  Ɠž heterozygote ʧʽţ�Ɠž�� CC ªʨʳȄʜƅ§�Ȉŝŕʺʱƈ�±ʨʴʱʺƅ§�¿ŕȞŮƗ§�¯ʙŸʱƈ�Ɠŝ§±ʨƅ§�Ȍʺʻƅ§�Ɠž. 

ʙŠʨś  ʧƈ�ÁʨƊŕŸǽ�ʧƔʚƅ§�ƑŲʛʺƅ§�ʧʽŗ�řॽœŕʸţ¥�řƅƛ¯�ª§°�½Ãʛž T2DM ŶȄ²ʨʱŗ�ȘƆŸʱś�ȌǼ§ʨŲÃ  ȋŕʺƊƗ§  ªƜʽƅƗ§Ã�řॽʻʽʳƅ§ 

TaqI (p< 0.0001) ¯�ª§°�½Ãʛž�ʙŠʨś�ƛÃªƜʽƅōǼ�ȘƆŸʱƔ�ŕʺॽɾ�řॽœŕʸţ¥�řƅƛApaI (P=0.5532)  . 

«œʯʹʯŪƙ¦ž���ŕʻʳœŕʱƊ�Ɠřॽʻʽʳƅ§�¿ŕȞŮƗ§�¯ʙŸś�ʧʽŗ�ȌƂž�ªŕʡŕॼś±§�¾ŕʻƍ�Á£�ŕƊʙŠÃ�� VDR TaqI ƑŲʛƈÃ  ÁŕʱŬ ʛ̄Ƅ  �ʧƔʚƅ§
ʧƈ �ÁʨƊŕŸǽ T2DM ¿ŕȞŮƗ§�¯ʙŸʱŗ �ȘƆŸʱƔ �ŕʺॽɾ �ªŕʡŕॼś±§ �ʙŠʨś�ƛÃApaI ʧȞʺǽ��  ¬ŕʱʻʱŬ§  Á£ VDR ��¯ʙŸśÃƓž�¿ŕȞŮƗ§ 

exon 9 Ɠž�ʖʰʶʱƅ§�Ɠž�ŕʺƎƈ�§±Ã¯�ÁŕॼɻƆƔT2DM .  

  

  

  

  

  


