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ABSTRACT Allelic variation and genomic instability of the VDR, KL and CYP24A1 variations are influencing
the pathogenesis of chronic kidney disease (CKD) in the computational analysis. To correlate this observation this
study aimed to screen the population frequencies of the following alleles in the Indian populations. The VDR
gene: rs121909800, rs121909797; CYP24A1 gene: rs387907322, rs114368325, and KL gene: rs9536314, rs649964
in CKD patient’s genotyping was done from blood sample DNA using the ARMS-PCR method and significant results
were statistically validated through MDR analysis. In this study, 120 CKD cases and 120 control subjects were included. The
allele distribution and genotype of the rs121909800 variant were significantly associated with CKD patients (Variant
Allele Frequency or VAF = 11.67) (p-value: 0.03), versus control subjects (VAF=4.17), respectively. The CYP24A1 
polymorphic variants rs387907322 and rs114368325 are significantly associated with CKD patients. The disease
association was confirmed through Multifactor Dimensionality Reduction (MDR) analysis. Hence, the researchers
concluded that the associated genes with specific variants may be considered a potential marker for the early diagnosis
of CKD. 
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INTRODUCTION

The pathophysiology of CKD is influenced by
a combination of environmental and genetic fac-
tors. In addition to several systemic effects, it is
associated with a profound immunobiological,
metabolic, and hydroelectrolytic imbalance (Caña-
das-Garre et al. 2019). Gene polymorphisms have
been shown to exert an influence on CKD suscep-
tibility and pathogenesis (Corredor et al. 2020).
Several epidemiological studies have investigated
the relationship between VDR, CYP24A1, and KL
gene polymorphisms and the risk of CKD (Solache-
Berrocal et al. 2021). Renal function and bone miner-
al density have been shown to be inversely related
in several studies (Li et al. 2019).

Vitamin D is a prohormone that is converted
into Vitamin D2 and Vitamin D3 by the liver and
kidneys. Activated Vitamin D3 plays a vital role in
calcium and phosphate homeostasis through its
ability to absorb through the intestinal, mobilise
calcium formation in bones, regulate cell differen-

tiation, and promote renal excretion (Bikle 2021).
Numerous gene polymorphisms are involved in the
pathogenesis of CKD (Corredor et al. 2020). In par-
ticular, the VDR, CYP24A1, and Klotho (KL) genes
polymorphisms play an important pathogenetic role
in the cause of CKD (Solache-Berrocal et al. 2021).
These genes are mainly responsible for circulating
levels of Vitamin D, leading to CKD also SNPs of these
polymorphisms associated with CKD pathogenesis
it was reported in several populations.

A VDR gene has eight codon exons (2-9), as
well as six untranslated exons (1a-1f), and is situat-
ed on chromosome 12q12.14 (Imani et al. 2020).
Many SNPs occur often in the VDR gene’s introns
or 3’ untranslated region (UTR). Changes in this
region influence the mRNA stability as well as pro-
tein translation efficacy. Transcriptional regulation,
which is ultimate, affects the VDR protein levels
(Kongsbak et al. 2013). In humans, the VDR gene
was reported with more than 14 different polymor-
phisms, which might play an influential role in the
binding affinity of the calcitriol to VDR. ApaI
(rs121909800), BsmI (rs1544410), FokI (rs2228570),
and TaqI (rs121909797) are the four most often stud-
ied Single Nucleotide Polymorphisms (SNPs)
(Hoseinkhani et al. 2021) as well as reported dele-
terious SNPs by computational studies (Jayaraj et
al. 2021). CYP24A1 gene is located in chromosome
20q13.2-q13. The mutation or SNP in the CYP24A1
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enzyme also alters the Vitamin D action through
metabolising Vitamin D2 and Vitamin D3. Two SNPs
are widely studied namely, rs387907322 and
rs114368325, and have a pathogenic role and are
involved in Vitamin D dysregulation related defi-
ciencies (Hill et al. 2016). KL gene structure con-
tains five exons in the coding region, which is lo-
cated in chromosome 13. Recent clinical findings
(Donate-Correa et al. 2016; Yokoyama et al. 2019),
as well as computational studies (Jayaraj et al. 2021)
suggested that, there are ten or more SNPs or mu-
tations of the KL gene, which has a pathogenic
effect to cause CKD, and is associated with miner-
al bone density, and cardiovascular disease. Three
mutations of the KL gene are more vulnerable such
as F352V, C370S (substitution of amino acids), and
K385K (silent mutation), which were present in exon
2. These mutations influence KL activity and me-
tabolism and also affect human cognition and in-
telligence (Hanson et al. 2021). Many pathological
and clinical conditions are linked to these poly-
morphisms, including vitamin D deficiency, os-
teoporosis, and breast cancer (Laitman et al. 2012;
Fuhrman et al. 2013; Zhang et al. 2018).Patients
with CKD may also have a chance for secondary
hyperparathyroidism (sHPT) due to the abnormal
calcium metabolism (Hyderand Sprague 2020). In
secondary hyperparathyroidism, there is an excess
of parathyroid hormone that accelerates bone turn-
over. Calcium levels are induced by bone resorp-
tion. Increased calcium levels inhibit Vitamin D3
and intact PTH (iPTH) synthesis (Drüeke 2021).
Thus, studying the VDR, CYP24A1, and KL ge-
netic variants may be helpful in assessing Vitamin D
and bone metabolism.

Objectives

The researchers aimed to determine whether
VDR, CYP24A1, and KL gene polymorphisms in-
fluence the South Indian population. To compare
and correlate the computational finding of above,
the genetic variations were selected for the study,
following deleterious alleles were analysed for the
finding gene and genotype frequencies of respec-
tive alleles. The researchers selected CKD patients
between the age groups of 30 and 70 years, matched
for age and sex, to confirm the correlation effects
of VDR, CYP24A1, and KL gene polymorphisms.
The genotypes and haplotype associations for the
above mentioned alleles of VDR, CYP24A1, and

KL genes were determined through the Amplifica-
tion Refractory Mutation System-Polymerase Chain
Reaction (ARMS-PCR) method for this study pop-
ulation. To determine the significance of the study
population, statistical validations were used.

MATERIAL  AND  METHODS

Blood Sampling and Study Population

The 120 CKD patients and 120 control sub-
jects were studied. This study was approved by
the Alagappa University Institutional Ethical Com-
mittee (IEC/AU/2016/1/15). Data were collected
from all the participated patients and control sub-
jects after obtaining an informed consent form
(Annexure-I-III).Age distribution of patients as well
as control subjects range from 30 to 70 years old.
Five millilitres of peripheral blood samples were
collected from all the participants after the exami-
nation of the nephrologists. The majority of the
patients included for this study belonged to the
category stage II to IV of CKD. Age and sex
matched healthy volunteer control subjects (n=120)
were selected with normal blood pressure, and free
from the renal failure family and history of CKD.
All participants filled out a questionnaire contain-
ing their clinical details and their family history.
The participants were all from the south Indian
state of Tamil Nadu who were Dravidian ances-
tors. The researchers collected blood samples from
patients at Lee Kidney Care, Madurai. Moreover,
control samples were collected from the same loca-
tion and origin as the samples collected from the
volunteers. Centrifugation at 3000 rpm for 10 min-
utes separated blood cells from plasma and serum,
and tubes were labelled and kept at -80°C until
analysis. A sample of EDTA blood is used to iso-
late DNA for molecular studies by Miller’s method
(Karthikeyan et al. 2013; Singh et al. 2015). The
researchers quantified all samples with a Nano-
drop spectrometer (Thermo Scientific, USA) at
OD260/OD280 ratio. Genotyping was conducted
by the coupled ARMS-PCR method.

Primer Designing ARMS-Polymerase Chain
Reaction

Primers were designed for genes associated with
CKD, such as VDR, CYP24A1 and KL, and have
been designed, which are six SNPs (rs387907322,
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rs114368325, rs121909800, rs121909797, rs9536314,
and rs649964). The previous computational analy-
ses revealed these polymorphisms might have a
deleterious role on the CKD and these polymor-
phic sites were analysed to identify the SNPs in
the site. For this study, gene sequences were ob-
tained/downloaded from the National Centre for
Biotechnology Information’s database
(www.ncbi.nlm.nih.gov). The primer BLAST pro-
gram is used for PCR primer design, to construct
primers to the target sequence template. An analy-
sis of the potential product’s specificity to the tar-
gets was performed using BLAST against the user-

specified databases. Integrated DNA technologies,
USA supplied all primers used in this study. It was
shown in Table 1 with specific information. Primers
were selected/designed based on Primer 3 soft-
ware. For all the SNPs, two sets of primers were
designed. One set is an outer primer [named 1,4],
and it covers the deleterious SNPs, which is present
in the middle of the amplicon. Another set is an
SNP specific at the 3’ site of the forward and re-
verse primers respectively [2 and 3]. For each am-
plification three primers should be added [1,4,2/3]
to amplify wild type/mutant allele respectively
(Fig.1).

Fig. 1.Schematic representation ofARMS-PCR analysis of VDR, CYP24A1 and KL gene polymorphisms
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Primer 1 is a forward outer primer.
Primer 4 is a reverse outer primer.
Primer 3 is a forward of the inner primer (3' carry

the wild type of the allele).
Primer 2 is a reverse of inner primer (it carries

the mutant allele of SNPs at the 3' site).
Based on the SNP present/absent bands will

be amplified, wherein one is common (1,4 outer
primer) to another band from primer 2 to outer primer
(2nd band).

Similarly to confirm another type of genotype
(mutant) in the second primer combination (1,4,
and 3) were added and amplified according to the
condition set in the PCR. Primer 1,4 amplifies the
outer sites of SNPs (1,3) (inner) and amplifies the
wild type of genotype PCR product (if this particu-
lar genotype is present). If the inner amplified band
indicates the genotype of the wild type is present.
Whereas (2,4) amplified indicates that mutant al-
lele is present at the site.

Alternatively, if both sets are amplified it indi-
cates that (1,3; 2,4) is heterozygous.

Genotypes were classified accordingly based
on the amplicons as follows:

1. Lane 1 only amplified (2 bands) is homozy-
gous mutant (1,4; 1,2)

2. Lane 2 alone amplified (2 bands) is homozy-
gous wild (1,4; 1,3)

3. Both lanes 1 and 2 amplified is heterozygous
genotype. All the ARMS-PCR reaction was stan-
dardised for stringent annealing temperature
through the Eppendorf gradient PCR machine. Later
all the other patients and control were amplified
according to the standardised TA.

Polymerase Chain Reaction (PCR) was used to
amplify the isolated genomic DNA. In vitro ampli-
fication of specific DNA sequences using se-
quence-specific synthetic oligonucleotides is un-
dertaken by the PCR method, which is considered
to be very sensitive and powerful. An oligonucle-
otide primer pair is the base of PCR, which is de-
signed to act as an important component for for-
ward or sense primers, which synthesise DNA to-
wards antisense primers and vice versa. The Taq
polymerase (a heat-stable polymerase) catalyses
the synthesis of a complementary DNA strand to a
template DNA from both the 5' and 3' directions,
resulting in the generation of a DNA region flanked
by two primers in the PCR. Nucleic acid sequences
can be amplified at very low concentration levels
in complex mixtures. The resulting amplification is

rapid and unlimited. ARMS-PCR was the charac-
terization of SNPs of respective selected genes.
Specifically, the inner primers were used as a con-
trol to check if the DNA was amplified intact, while
the outer primers targeted DNA fragments with
different lengths, which are essential to compare
and analyse the two alleles. The required PCR prod-
uct was amplified using the ARMS-PCR method.
PCR condition, size, and score information were
listed in Table 2 and schematic illustration of the
amplification is also shown in Figure 1.

Agarose Gel Electrophoresis

The amplified ARMS-PCR products were elec-
trophoresed in 2 percent of agarose gel for 2 hours
at 50 V, along with molecular weight markers. The
agarose was weighed and 100 ml of a 1X TBE (Tris
Boric Acid-EDTA) buffer was added, which was
dissolved by heating in a microwave until a clear
transparent solution was obtained. It was cooled
until it reached a warm temperature (60oC), after
which 0.1 μl of EtBr (0.5 mg/ml) was added and mixed
very well. The gel was prepared and run in a hori-
zontal electrophoresis chamber with 0.5X TBE as a
running buffer with 50-100 V for 2 hours. The amplified
products were visualised using Ebox-VILBER.

Statistical Analysis

The frequencies of VDR, CYP24A1, and KL
genotypes in case and control participants were
examined using the Chi-square test. The research-
ers used the odds ratio (OR) and 95 percent confi-
dence interval (CI) to assess the significance of a
link between genotype frequencies and disease
intensity. A p-value of 0.05 was used to indicate
statistical significance in this investigation. The Har-
dy-Weinberg Equilibrium (HWE) was assessed to
find out which marker allele frequencies diverged from
the HWE deviation. All statistical computations were
performed using SPSS (IBM Corp. released IBM SPSS
Statistics for Windows, Version 20.0). The power of
the study was estimated by calculating PS-Power
and the sample size.

MDR Analysis

Multifactor Dimensionality Reduction (MDR)
analyses combine multiple-locus genotypes and envi-
ronmental factors to identify risky alleles associated
with disease.
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A critical aspect of the MDR technique is cate-
gorising genotype combinations into categories
based on a new variable. Gene-gene interaction or
epistasis can be determined, characterised, and
interpreted with this induction method. An MDR
approach alters the space of data representation
by producing a new variable from two or more
variables, making it easier to identify interactions
among variables (Singh et al.2015). Based on sim-
ple binary categorisation, each genotype combi-
nation was classified as high-risk or low-risk in the
original MDR. MDR classification should be im-
proved by using odds ratios (OR). In the MDR,
the OR is used to quantify the risk of a given gen-
otype combination. The OR is calculated by divid-
ing the genotype frequency ratio between a case
and control group by the genotype frequency ra-
tio between all sample groups. Based on the fre-
quency table, the researchers predicted both ge-
netic synergistic effects (epistasis) and associa-
tions between locus and genes. An illustration of
the findings was constructed using a dendrogram
and circle graph based on the prediction.

RESULTS

Studying the correlation between genetic poly-
morphisms and disease association is a hallmark
for dissecting out the molecular mechanisms of
complex diseases. The researchers understand that

the molecular regulatory mechanism of CKD has
examined VDR, CYP24A1 and KL polymorphisms
in the South Indian population. The results of PCR
amplicons were segregated based on molecular size
and the presence and absence of the alleles was detect-
ed electrophoresis in 0.7 percent of Agarose gel fol-
lowed by stained with Ethidium Bromide and visu-
alised using UV transilluminator or Gel documen-
tation system (Ebox-VILBER) shown in (Figure 1).
Based on inclusion and exclusion criteria recom-
mended by the international CKD association and
World Health Organisation norms, 120 patients were
included for this study. A similar number of age and
sex matched healthy volunteer control subjects were
included in this study. Among the included sub-
jects, patients and controls were distributed respec-
tively with 76.67 percent male (n=92) and 23.33 per-
cent female (n=28) patients, and 70.83 percent males
(n=85) and 29.16 percent females (n=35) in control
subjects. The mean age of the male and female pa-
tients are 53.9 ±12.3 and 54.40 ± 10.42 years, respec-
tively. Whereas in control subjects male and female
patientsare 43.71 ± 14.17and 43.90 ± 13.57 years,
respectively (Table 3).

Distribution of Genotypes

A genotype distribution analysis between the
six studied polymorphisms (rs387907322,
rs114368325, rs9536314, rs649964, rs121909790, and

Table 2: SNP ID, Annealing temperature and genotype count for VDR, CYP24A1, and KL polymorphisms
for patients and control subjects

SNP ID Annealing Temperature (TA °C) W/H/M                          Genotype count

Patients Controls

rs387907322 60 W-CC 82 77
H-CT 30 38
M-TT 8 5

rs114368325 60 W-GG 74 81
H-GA 34 31
M-AA 12 8

rs9536314 54 W-TT 78 74
H-TA 31 40
M-AA 11 6

rs649964 60 W-TT 67 74
H-TA 40 38
M-AA 13 8

rs121909800 54 W-GG 72 70
H-GA 34 45
M-AA 14 5

rs121909797 60 W-CC 73 76
H-CA 31 32
M-AA 16 12
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rs121909797) was found to be compatible with the
Hardy-Weinberg equilibrium expectation for both
cases and controls.

The studied genetic polymorphisms among
VDR, CYP24A1, and KL have provided significant
results, which correlate the gene frequencies as-
sociated with the pathogenesis of CKD. Among the
studied gene polymorphisms, VDR rs121909800 poly-
morphism is found to have a significant association
in genotype frequency for alleles GG (60%), GA
(28.33%), and AA (11.67%) among the patients, com-
pared to the control subjects which is GG (58.33%),
GA (37.50%), and AA (4.17%). It is correlating signif-
icantly in patient samples, that the mutant allele AA
has a p-value of 0.03 (Table 4). It is a statistically
significant correlation result among the studied
polymorphisms. In addition, the allele carriage fre-

quency analysis reveals G allele carriage has sig-
nificant results of 95.83 percent with a p-value of
0.03. All the observed results of each SNP were
also correlated with the predicted Odds Ratio (OR)
value (Table 4). In VDR Genotyping for rs121909797
polymorphism, the researchers could not find any
statistically significant results in any alleles. Al-
though, the C allele carriage has more than 90 per-
cent compared to other genotypes. In summary,
the other variant in CYP24A1 and KL gene shows
no significant association with CKD pathogenesis
(Tables 5 and 6).

Combined Analysis and Haplotype Distribution

The synergistic effect of VDR, CYP24A1, and
KL genotypes was evaluated between the mutant

Table 3: Demographic distribution of the CKD patients and Control subjects

     Cases (n=120)                              Controls (n=120)

Male (%) Female Total Male Female Total
 ±SD  (%)   (%)  (%) ±SD  (%)   (%)

Sample size n (%) 92 (76.67%) 28 (23.33%) 120 (100%) 85 (70.83%) 35 (29.16%) 120 (100%)
Age (Mean ±SD) 53.9 ± 12.3 54.4 ± 10.4 57 ± 7.63 43.7 ± 14.1 43.9 ± 13.5 48 ± 9.31
BMI (kg/m2)   22.66 ±   1.02 25.17 ±   0.11 24.75 ± 0.09   23.84 ±   1.02 24.96 ±   1.02 24.57 ± 1.32
SBP (mm Hg) 128.09 ±   0.18 121.13 ±   0.30 122.27 ± 0.85 112.09 ±   0.18 120.13 ±   0.30 118.27 ± 0.85
DBP (mm Hg) 89.63 ±   0.86 82.34 ±   0.58 84.63 ± 0.18 81.63 ±   0.65 79.34 ±   0.58 80.63 ± 0.75

n: Sample Size

Table 4: Genotype and allele frequency distribution of VDR gene among CKD patients and control subjects

Genotype & Alleles Patients n= 120(%) Control n= 120(%) p –value OR (95% CI)

VDR Genotyping for rs121909800 polymorphism
GG 72 (60.00) 70 (58.33) 0.79 1.07 (0.64 - 1.79)
GA 34 (28.33) 45 (37.50) 0.13 0.65 (0.38 - 1.13)
AA 14 (11.67)  5   (4.17) 0.03*  3.03 (1.05 - 8.72)

Allele frequency
Allele G 178 (74.16) 185 (77.08) 0.45 0.85 (0.56 - 1.29)
Allele A 62 (25.84) 55 (22.92)

Allele carriage frequency
Gallele carriage 106 (88.33)   115 (95.83) 0.03* 0.32 (0.11 - 0.94)
Aallele carriage 48 (40.00) 50 (41.67) 0.79 0.93 (0.55 - 1.56)

VDR Genotyping for rs121909797 polymorphism
CC 73 (60.83)   76 (63.33) 0.42 0.80 (0.47 - 1.36)
CA 31 (25.83) 32 (26.67) 0.55 1.18 (0.66 - 2.10)
AA 16 (13.34) 12 (10.00) 0.67 1.18 (0.52 - 2.68)

Allele frequency
Allele C 177 (73.75) 184 (76.67) 0.45 0.85 (0.56 -1.29)
Allele A 63 (26.25) 56 (23.33)

Allele carriage frequency
Callele carriage 104 (86.67) 108 (90.00) 0.42 0.72 (0.32 - 1.60)
Aallele carriage 47 (39.17)  44 (36.67) 0.68 1.11 (0.66 - 1.87)

Note: *Significant value (p < 0.05); OR- Odds Ratio; CI-Confidence Interval
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and heterozygous types compared to the wild type.
Patients and control subjects with a combined VDR
genotype showed a significant difference in frequen-
cy distribution (Table 7). In the CKD patients,
thers121909800 polymorphisms showed a higher risk
(p = 0.03, OR = 3.037 and 95% CI = 0.05-1.56). The A/

Table 5: Genotype and allele frequency distribution of CYP24A1 gene among CKD patients and control
subjects

Genotype & Alleles Patients n= 120(%) Control n= 120(%) p –value OR(95% CI)

CYP24A1 Genotyping for rs387907322 polymorphism
CC 82 (68.33) 77 (64.16) 0.78 0.92 (0.52 - 1.62)
C T 30 (25.0) 38 (31.66) 0.25 0.71 (0.40 - 1.26)
T T   8   (6.67) 5   (4.18)  0.39 1.64 (0.52 - 5.17)

Allele frequency
Allele C 194 (80.83) 192 (80.00) 0.81 1.05 (0.67 - 1.65)
Allele T 46 (19.67) 48 (20.00)

Allele carriage frequency
C allele carriage 112 95.33) 115 (95.83) 0.39 0.60 (0.19 - 1.91)
T allele carriage 38 (31.67) 43 (35.83) 0.49 0.82 (0.48 - 1.41)

CYP24A1 Genotyping for rs114368325 polymorphism
GG 74 (61.67) 81(67.50) 0.34 0.77 (0.45 - 1.31)
GA 34 (28.33) 31(25.83) 0.66 1.13 (0.64 - 2.00)
AA 12 (10.00) 8  (6.67) 0.35 1.55 (0.61 - 3.95)

Allele frequency
Allele G 182 (75.83) 193 (80.41) 0.22 0.76 (0.49 - 1.18)
Allele A 58 (21.66) 47 (19.58)

Allele carriage frequency
G allele carriage 108 (90.00) 112 (93.33) 0.35 0.64 (0.25 to 1.63)
A allele carriage 46 (38.33) 39 (32.50) 0.34 1.29   (0.75 - 2.19)

Note: OR- Odds Ratio; CI-Confidence Interval

Table 6:Genotype and allele frequency distribution of KL gene among CKD patients and control subjects

Genotype & Alleles Patients n= 120(%) Control n= 120(%) p -value OR(95% CI)

KL Genotyping for rs9536314 polymorphism
T T 78 (65.0) 74 (61.67) 0.59 1.15    (0.68 - 1.95)
TA 31 (25.84) 40 (33.33) 0.20 0.69    (0.39 - 1.21)
AA  11   (9.16) 6   (5.0) 0.21 1.91    (0.68 - 5.36)

Allele frequency
Allele T 187 (77.92) 188 (78.33) 0.91 0.97    (0.63 - 1.50)
Allele A 53 (22.08) 52 (21.67)

Allele carriage frequency
T allele carriage  108 (90.00) 114 (95.00) 0.14 0.47    (0.17 - 1.30)
A allele carriage 42 (35.00) 46 (38.33) 0.5922 0.86    (0.51 - 1.46)

KL Genotyping for rs649964 polymorphism
T T 67 (55.84) 74 (61.67) 0.3590 0.78    (0.46 - 1.31)
TA 40 (33.33) 38 (31.67) 0.7828 1.07    (0.62 - 1.85)
AA  13 (10.83) 8   (6.66) 0.25 1.70    (0.67 - 4.26)

Allele frequency
Allele T 174 (72.50) 186 (77.50) 0.20 0.76    (0.50 - 1.15)
Allele A 66 (27.50) 54 (22.50)

Allele carriage frequency
T allele carriage 107 (89.16) 112 (93.33) 0.25 0.58    (0.23 - 1.47)
A allele carriage 53 (44.17) 46 (38.33) 0.35         1.27   (0.76 - 2.12)

Note: OR- Odds Ratio; CI-Confidence Interval

C haplotype was found to be more prevalent in pa-
tients (7.50%) than in controls (1.66%), and the varia-
tion was found to be statistically significant (p = 0.005,
OR = 4.50, and 95% confidence interval: CI = 0.95-
21.26) (Table 8). The distribution of VDR, CYP24A1
and KL polymorphisms is shown in Table 8.
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MDR Analysis

The MDR finding analysis was conducted to
identify the cases and controls of gene-gene inter-
action. MDR revealed the results for the two or
more possible polymorphisms and their combina-
tions were studied to predict CKD risk. The inter-
action of the rs121909800, rs649964 polymorphisms
has a strong association, and rs387907322,
rs9536314 were the best model, with a precision
score of 0.77, accuracy of 0.8, and a CV consisten-
cy of 10/10 (Fig. 2). The researchers used a threshold
value of 1.0 (120/120) to determine the high-risk (dark
grey), low-risk (light grey) and blank (empty cell)
genotypic combinations in the current data.

Among the studied polymorphisms, rs114368325
was found to be an independent variant, which in-

teracts with the disease association alone and did
not reveal any connection with other genes (s 2).
The circled figure depicts the association of each
gene polymorphism between them. Figure 3 shows
different colours such as blue, orange (strong as-
sociation), and green (midline association). The
bold line indicates the stronger interaction, the
shorter the line (weak) as connecting qualities. The
line’s colour shows the kind of interaction. Red
indicates a synergistic link (epistasis), yellow
shows independence, green is redundancy and
blue indicates association (Fig. 3).

Genetic Power Test

The VDR polymorphism genetic power analy-
sis revealed that allele ‘A’ had 0.05 type 1 error

Table 7: VDR, CYP24A1, and KL gene polymorphisms distribution (dominant and recessive model) in
patients and control subjects

SNP Model Test Case Control OR 95%CI p-Value

rs121909800 AA+GA VS GG DOM 48/72 50/70 0.933 0.55 -1.56 0.792
AA VS GA+GG REC 14/106 5/115 3.037 1.05 - 8.72 0.038*

rs121909797 AA+CA Vs CC DOM 47/73 44/76 1.112 0.66 - 1.87 0.689
AA Vs CA+AA REC 16/104 12/108 1.384 0.62 - 3.06 0.422

rs387907322 TT+CT Vs CC DOM 38/82 43/77 0.829 0.48 - 1.41 0.495
TT Vs CT+CC REC 8/112 5/115 1.642 0.52- 5.17 0.396

rs114368325 AA+GA Vs GG DOM 46/74 39/81 1.291 0.75 - 2.19 0.345
AA VS GA+GG REC 12/108 8/112 1.555 0.61 - 3.95 0.353

rs9536314 AA+TA Vs TT DOM 42/78 46/74 0.866 0.51 - 1.46 0.592
AA Vs TA+TT REC 11/109 6/114 1.917 0.68 - 5.36 0.214

rs649964 AA+TA Vs TT DOM 53/67 46/74 1.272 0.76 - 2.12 0.359
AA Vs TA+TT REC 13/107 8/112 1.700 0.67 - 4.26 0.257

Table 8: Haplotype distribution of VDR, CYP24A1, KL gene polymorphisms among CKD patients and controls

Haplotype Patientsn= 120(%) Controlsn= 120(%) p-Value OR(95% CI)

rs121909800 and rs121909797 polymorphisms
G/A 7   (5.83) 8   (6.66) 0.78 0.86     (0.30 - 2.47)
A/C 9   (7.50) 2   (1.66) 0.05* 4.50   (0.95 - 21.26)
G/C 49 (40.83) 46 (38.33) 0.69 1.11     (0.66 - 1.86)
A/A 4   (3.33) 1   (0.83) 0.20 4.10   (0.45 - 37.26)

rs387907322 and rs114368325 polymorphisms
C/A 11   (9.16) 4   (3.33) 0.07 2.92     (0.90 - 9.46)
T/G 5   (4.16) 2   (1.66) 0.26 2.56   (0.48 - 13.48)
C/G 44 (36.66) 47 (39.16)  0.68 0.89     (0.53 - 1.51)
T/A 2   (1.66) 0   (0) 0.29 5.08 (0.24 - 107.03)

rs9536314 and rs649964 polymorphisms
T/A 11   (9.16) 4   (3.33) 0.07 2.92     (0.90 - 9.46)
A/T 5   (4.16) 2   (1.66) 0.26 2.56   (0.48 - 13.48
T / T 44 (36.66) 47 (39.16)  0.68 0.89     (0.53 - 1.51)
A/A 2   (1.66) 0   (0) 0.29 5.08 (0.24 - 107.03)
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between 120 cases and controls. Then it is shown
that more than 80 percent of genetic power estima-
tion between 120 cases and 120 controls detected
the linkage of CKD and VDR variants in the case
studied population.

DISCUSSION

Genetic polymorphisms contribute to the on-
set of CKD, a disease influenced by several fac-
tors. The number of gene polymorphisms associ-
ated with CKD differed between ethnic groups. A
genetic makeup and selective pressure in these

populations may be responsible for these varia-
tions. There are a number of serious complications
associated with CKD, such as cardiac problems
and osteoporosis. The majority of the affected
population is older individuals (over 50 years of
age). The researchers found that the mean age of
male CKD subjects in the study was 53.90 + 12.33
years and the mean age of females was 54.40 +
10.42 years. Among the different gene polymor-
phisms of VDR, CYP24A1 and KL genes were sig-
nificantly associated in some studies. The
rs121909800, rs121909797, rs387907322, rs114368325,
rs9536314 and rs649964 polymorphisms has a

Fig. 3. Circle graph (Left) and Fruchterman-Rheingold graph (Right) retrieved from MDR analysis to corre-
late the association of studied polymorphisms

Fig. 2.Graphical model of the MDR analysis of all the six polymorphisms in the view of dendogram
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pathogenic role and are involved in vitamin D dys-
regulation related deficiencies. In the study, the
researchers found that VDR rs121909800 polymor-
phism has a significant association in genotype
frequency for alleles GG (60%), GA (28.33%), and
AA (11.67%) among the patients compared to the
control subjects with GG (58.33), GA (37.50%), and
AA (4.17%). As a result, the VDR gene polymor-
phism rs121909800 is marked as a gene of interest
and has a significant association with CKD pa-
tients. Haplotype distribution revealed that the
rs121909800 polymorphisms are statistically sig-
nificant (p = 0.005, OR = 4.50 and 95% CI = 0.95-
21.26).  The KL and CYP24A1 haplotype distribu-
tion does not show any significance, while the
MDR analysis shows rs114368325 was found to
have a strong association with rs649964 and
rs387907322 polymorphisms. The study contains
limitations, including a small sample size and the
simple fact that the researchers did not include
more patients from different kidney centres to bet-
ter understand the role of the above-mentioned
polymorphism. As part of the study, there are some
limitations to heterogeneity in chronic kidney dis-
ease. In spite of this, since the samples are derived
from homogenous genetic backgrounds, they are
unlikely to be influenced by non-measured factors
resulting from population stratification. A signifi-
cant increase in rs121909800 is seen in patients with
CKD in the Tamil Nadu population, suggesting a
deteriorating effect of genotype on the progression
of the disease.

CONCLUSION

The current study discusses the role of genet-
ic variations and their impact on CKD patients.
Based on previous studies, this investigation from
the computational analysis, the researchers found
that the following six SNPs (rs121909800, rs12190979,
rs387907322, rs114368325, rs9536314, and rs649964)
are showing the promising deleterious effect on CKD
patients, and further the researchers correlate the
clinical significance association of six different ge-
netic variants of the VDR, CYP24A1, and KL genes.
The above said genetic variations were genotyped
by ARMS-PCR. These findings are also helpful for
the early detection of CKD individuals. The statis-
tical significance was observed for the gene VDR
rs121909800 polymorphism. MDR study revealed

that rs121909800, rs649964, rs9536314, and
rs387907322 have a stronger connection among
the six genes investigated. The rs114368325 varia-
tion shows statistical association with CKD inde-
pendently and it could be an important variant in the
pathophysiology of CKD but it should be confirmed
using a larger number of sample sizes.

RECOMMENDATIONS

The studied polymorphism from the three po-
tential genes associated with CKD pathogenesis
concludes that variants have significant changes
in the allele frequency among the studied popula-
tion. Further, for better management of CKD, pri-
mary screening of these mutations could be helpful
for better and early diagnosis for CKD.
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