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Abstract

Objective. To evaluate the Type 2 Diabetes (T2D) risk variants in the Pashtun ethnic population of Khyber Pakhtunkhwa 
using nascent whole-exome sequencing (WES) to better understand the pathogenesis of this complex polygenic disorder.

Methodology. A total of 100 confirmed patients with T2D of Pashtun ethnicity were included in the study, DNA was 
extracted from whole blood samples, and paired-end libraries were prepared using the Illumina Nextera XT DNA library 
kit carefully following the manufacturer’s instructions. Illumina HiSeq 2000 was used to obtain sequences of the prepared 
libraries followed by bioinformatics data analysis.

Results. A total of n=11 pathogenic/likely pathogenic variants were reported in the CAP10, PAX4, IRS-2, NEUROD1, 
CDKL1 and WFS1. Among the reported variants CAP10/rs55878652 (c.1990-7T>C; p.Leu446Pro) and CAP10/rs2975766 
(c.1996A>G; p.Ile666Val) identified were novel, and have not yet been reported for any disease in the database. 

The variants CAP10/rs7607759 (c.1510A>G, p.Thr504Ala), PAX4/rs712701 (c.962A>C; p.His321Pro), PAX4/
rs772936097 (c.748-3delT; p.Arg325Trp), IRS-2/rs1805097 (c.3170G>A; p.Gly1057Asp), NEUROD1/rs1801262 
(c.133A>G; p.Thr45Ala), CDKL1/rs77152992 (c.1226C>T; p.Pro409Leu), WFS1/rs1801212 (c.997G>A; p.Val333Ile), 
WFS1/rs1801208 (c.1367G>A; p.Arg456His), and WFS1/rs734312 (c.1832G>A; p.Arg611His) are previously identified 
in other ethnic populations. Our study reconfirms the associations of these variants with T2D in the Pakistani Pashtun 
population.

Conclusion. In-silico analysis of exome sequencing data suggests a statistically substantial association of all (n=11) 
identified variants with T2D in the Pashtun ethnic population. This study may serve as a foundation for performing 
future molecular studies aimed at unraveling T2D associated genes.
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INTRODUCTION 

Diabetes Mellitus (DM) is a metabolic disease with its 
major hallmark being increased blood glucose level that 
affects around 6% of the world population.1,2 It is classified 
into two major types namely Type 1 Diabetes (T1D) and 
Type 2 Diabetes (T2D), the latter accounting for 90-95% 
of total cases globally.3 It is among the four lethal non-
communicable diseases (NCDs) namely chronic respiratory 
diseases, cancer, cardiovascular diseases, and diabetes 
mellitus causing 1.5 million global deaths each year.4 
According to the most recent data from the International 
Diabetes Federation, there were approximately 463 
million people living with diabetes in 2019. This number 

is expected to increase to 578 million by 2030 and 700 
million by 2045.5 Eighty percent (80%) of cases belong to 
developing nations. India, China, Pakistan, Bangladesh, 
Maldives, and Sri Lanka are the South Asian nations 
with the highest prevalence of T2D.6-9 Pakistan, the sixth 
most populous nation of the world, presently occupies 
the seventh position in the list of nations with cases of 
DM, which might move up to be in the fourth position 
if the current circumstances continue.4,10,11 The Pakistani 
population includes five major ethnic groups, namely 
Punjabis, Pashtuns, Sindhis, Baluchis and Refuges. Pashtuns 
constitute the major population of Khyber Pakhtunkhwa, 
where T2D is more common in urban areas as compared 
to rural areas of the province.12
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were taken on a carefully designed Proforma. Inclusion 
criteria for study subjects were (i) diabetes diagnosed 
according to World Health Organization protocols, i.e., 
fasting blood glucose (FBS) level >126 mg/dL and random 
blood glucose (RBS) level >200 m mg/dL) and (ii) patients 
with a 30-80-year age range. The exclusion criteria were (i) 
presence of any chronic and infectious disease, (ii) study 
subjects with age not in the range of 30-80 years, and 
(iii) patients belonging to other nationality.

Ethical approval for the study 

Ethical approval for the study was obtained from the 
Ethical Committee of the Department of Pharmacy of the 
University of Peshawar. All procedures and experiments 
were carried as per Helsinki declaration.

Blood samplings 

Blood samples were collected from T2D patients admitted 
to the endocrinology department of the aforementioned 
hospitals in EDTA tubes (properly labeled), thoroughly 
mixed, and stored at -10°C in the freezer.

DNA extraction and quantification 

DNA was extracted from 200 µl whole blood samples from 
patients with type 2 diabetes using the WizPrep DNA 
extraction kit (WizPrep no. W54100). DNA quantification 
was carried out with the help of the Qubit™ dsDNA 
HS Assay kit (Catalog No.Q32851) using Invitrogen 
Qubit™3 and the concentration is adjusted to 5 ng/µL.

DNA samples pooling 

DNA samples of all 100 patients with T2D were pooled 
according to previously described protocols.24-26 Pooling of 
DNA samples simplify the sequencing process and reduce 
cost and time. The constructed DNA pool containing an 
equimolar amount of DNA (100ng) from each individual 
was then subjected to further for libraries preparation 
and sequencing.27

Library preparation 

Libraries were prepared following well-established library 
preparation protocols.28 The Illumina Nextera XT DNA 
library kit (Cat. No. FC-142-1123) was used to prepare 
paired-end libraries (2×101-bp) carefully following the 
manufacturer’s instructions.29 Libraries preparation by 
Illumina Nextera XT DNA library kit involves initial 
fragmentation of genomic DNA by Transposome 
(genetically engineered enzymes) into randomly size 
DNA fragments adding known adopter sequence added 
to 5 prime and 3 prime ends in the process,30 followed 
by a cleanup step to remove transposomes attached to 
DNA fragments to avoid interference in the subsequent 
steps and DNA amplification using 12 cycles of thermal 
PCR.31 Once the PCR-amplification completed fragments 

Many contributing factors have been identified inclu-
ding lifestyle, environmental and genetic susceptibility.9 
Although environmental and lifestyle factors contribute to 
the development of T2D, they do not completely explain 
its increased prevalence among South Asians and genetic 
makeup may have a significant role.13 

Over the past decades, much work has been done on the 
genetic architecture of T2D to understand its pathogenesis. 
Currently, many risk variants in T2D associated genes 
have been reported in multiple ethnic populations.14,15 
These genes regulate the normal function of beta cells of 
the pancreas, insulin secretion, blood glucose homeostasis, 
insulin receptor functioning and differentiation of insulin-
producing b-cells -mutations in these genes lead to the 
development of T2D. Genes responsible for T2D include 
CDKAL1, HLA-B, TCF7L2 SLC30A8, HHEX, IGF2BP2, 
CDKN2A/B, EXT2, FTO, NOTCH2, WFS1, IRS1, CAPN10, 
KCNQ1, HNF4A, TCF-2/ HNF1B and IRS-2.16-22 

However, the expression of these genes varies in people 
due to the single nucleotide polymorphism (SNP) that 
results in differences in the occurrence of DM. Certain 
individuals are more prone to T2D due to the presence 
of susceptibility alleles resulting in different gene 
expressions.10 It is hypothesized that the genetic mutation 
spectrum of T2D in the Pakistani population is different 
from others. Genome-wide association studies (GWAS) 
largely conducted among European descendants have 
identified a number of loci predisposing to T2D risk, 
namely CAPN10, PAX4, NEUROD1, IRS-2, CDKAL1 and 
WFS1 which were found to have significant association 
with the incidence of T2D. These genes of interest will 
be further investigated for T2D risk variants in Pakistani 
Pashtun population, using advanced Next-Generation 
Sequencing (NGS). For fast and accurate results, flexible 
multiplexing, high coverage, rapid preparation of paired-
end libraries and quality sequencing Illumina Nextera XT 
DNA library kit was specifically employed. The Pakistani 
Pashtun population was selected for this study due to 
the limited genomic research/studies in this population. 
Secondly, this ethnic group has a unique life style, social 
values and behaviors that make it a suitable population 
for such studies.

METHODOLOGY 

Subject description 

A total of 100 confirmed T2D patients of Pashtun ethnicity 
were prospectively included in this pilot study. Selection 
of sample size with sufficient statistical power (>80%) is 
a critical step in carrying out genetic association studies. 
We computed the effective sample size using the Genetic 
Power Calculator developed by Purcell et al.23 The follo-
wing parameters were used for power and sample size 
estimation: RAF=0.10%, K=0.52%, Aa=1.5%, A&A=1.0%, 
d=0.9 in arriving with n=100 in our study. Prior to sample 
collection, patients’ consent and thorough demographics 
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Variants reported in the study population 

Moving beyond traditional linkage analysis and genetic 
association studies, we performed WES to investigate T2D 
risk variants in the Pashtun ethnic population of Khyber 
Pakhtunkhwa. Sequencing metrics (Summary of variants/
SNPs identified by WES) are shown in Table 3. 

of size less than 150-200 bp (unamplified) were removed 
using paramagnetic beads.32 

Next, following the capture approach strategy, the exome 
amplified fragments of DNA (pre-selected genomic 
regions of interest) were kept while nonspecified DNA 
fragments were removed using biotinylated probes.33,34 
Libraries were quantified to confirm final DNA concen-
tration using Agilent 2100 Bioanalyzer (Agilent 228 
Technologies). Finally, Illumina HiSeq 2000 was used to 
accomplish sequences of the prepared libraries. Illumina 
HiSeq 2000 generated sequence data was stored in FASTQ 
format.35-37 WES and bioinformatics were carried out at 
the Center for Genomics, Rehman Institute of Medical 
Sciences, Hayatabad, Peshawar. 

Bioinformatic analysis 

We used a custom-built in-house NGS bioinformatics 
pipeline to move from raw sequencing data to final variant 
calls. FASTQ files produced by the Illumina HiSeq were 
filtered for low-quality reads (Q>30) using Trimmomatic 
software tool.38 The filtered reads were then aligned to 
reference genome (hg19/GRCh37) using the Burrows 
Wheel Aligner (BWA).39 Polymerase chain reaction (PCR) 
duplicated reads generated in the library preparation step 
were removed using Picard software tool. Variant calling 
was performed using Genome Analysis Toolkit (GATK) 
and SAMtools. GATK was also used to base quality 
control recalibration.40 For the annotation of variants, 
the ANNOVER software tool was used.41 The resulting 
annotated variant list generated by ANNOVER was stored 
in the form of a Comma-Separated Values (CSV) file having 
a separate column for each annotation. The CSV file was 
then loaded into an excel file for easy filtering, viewing 
and interpretation of data. All T2D risk variants identified 
by WES were further confirmed by Sanger Sequencing.

RESULTS 

Demographic and clinical profile of participants 

A total of 100 confirmed T2D patients (68 males and 32 
females) aged between 30 and 80 years were included in 
this study. Seventy-six percent (76%) were married and 
20% were single. A large proportion of study subjects were 
illiterate and belonged to a lower socio-economic family 
background. Nearly all patients (95%) showed a positive 
family history of T2D. Increased incidence of T2D was 
observed in patients who were obese and with sedentary 
lifestyle. Similarly, the incidence of T2D was more evident 
in patients from urban areas compared to rural areas 
from Khyber Pakhtunkhwa. For details on demographics, 
please see Table 1. The prevalence of comorbidities (i.e., 
hypertension, nephropathy, cardiovascular disease, 
retinopathy and foot ulcer) in study subjects is described 
in Table 2. The average blood pressure of patients with 
T2D was normal 120/80 mmHg; however, patients with co-
morbidities showed elevated blood pressure 140/80 mmHg. 

Table 1. Sociodemographic characteristics of the study 
subjects

Variables Frequency (%)
Gender

Male 68 (68%)
Female 32 (32%)

Age (years)
31-40 6 (6%)
41-50 39 (39%)
51-60 34 (34%)
61-70 19 (19%)
71-80 2 (2%)

Marital status
Single 20 (20%)
Married 76 (76%)
Widow 4 (4%)

Occupation
Labour 25 (25%)
Government servant 10 (10%)
Farmer 21 (21%)
Driver 9 (9%)
Housewife 32 (32%)
Businessman 3 (3%)

Level of education
Un-educated 65 (65%)
Primary 5 (5%)
Secondary 23 (23%)
University 7 (7%)

Family history of T2D
Yes 95 (95%)
No 5 (5%)

Smoking 
Non-smoker 35 (35%)
Snuff 44 (44%)
Cigarette 21 (21%)

Exercise
Yes 15 (15%)
No 85 (85%)

Economic status 
Good 10 (10%)
Average 35 (35%)
Below average 55 (55%)

Obesity
Yes 69 (69%)
No 31 (31%)

Location
Urban 75 (75%)
Rural 35 (35%)

Table 2. Prevalence of comorbidities in study subjects
Disorder Frequency (%)

Hypertension 39%
Nephropathy 2%
Cardiovascular disease 11%
Foot Ulcer 9%
Hypocholesteraemia 21%
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software (SIFT, PolyPhen). Similarly, two missense variants, 
rs712701 (c.962A>C, p.His321Pro) and rs772936097 (c.748-
3delT, p.Ser424Pro) in the PAX4 (NM_006193.2) were 
reported. Reported variants are in the protein-coding region 
of the gene, heterogeneous and pathogenic. A missense 
variant rs1801262 (c.133A>G, p.Thr45Ala) was reported 
in NEUROD1 (NM_002500.4). SIFT and PolyPhen labeled 
this variant as pathogenic. Three heterogeneous missense 
variants rs1801212 (c.997G>A, p.Val333Ile), rs1801208 
(c.1367G>A, p.Arg456His) and rs734312 (c.1832G>A, 
p.Arg611His) in the WFS1 (NM_006005.3). Reportedly, 
all three variants are found to be deleterious according to 
SIFT score (Table 4).

Validation of WES results by Sanger sequencing 

The T2D risk variants identified by WES were cross-
checked and validated by Sanger sequencing. The primers 
were designed using Primer3 version 4.0 available at 
(https://primer3.ut.ee/). Post-PCR amplified products were 
sequenced directly using Applied Biosystems’ 3730XL 
DNA analyzer (catalog-3070XL).

DISCUSSION 

T2D is a complex multifactorial disorder that is caused 
by a complex interaction of genetic and environmental 
factors.42 Traditional linkage analysis, earlier candidate 
gene analysis/studies and GWAS have better explained 
the genetic architecture of complex polygenic disorder; 
however, genomic research is further revolutionized 

The WES generates a huge amount of data that need 
to be filtered for easy downstream analysis. WES data 
was first filtered for the selected T2D associated genes 
(Supplementary 1) and then filtered for pathogenic variants 
in CAPN10, IRS-2, CDKAL1, PAX4, NEUROD1, and WFS1. 
The filtration pipeline is shown in Figure 1. We reported 
two novel missense variants/SNPs rs55878652 (c.1990-
7T>C; p.Leu446Pro), rs2975766 (c.1996A>G; p.Ile666Val) 
and one previously reported variant rs7607759 (c.1510A>G, 
p.Thr504Ala) in the CAPN10 (NM_023083.3). In the IRS-2 a 
pathogenic missense rs1805097 (c. 3170G>A, p.Gly1057Asp) 
in the protein-coding region (NM_003749.2) was reported.

We reported a missense variant rs77152992 (c. 1226C>T, 
p.Pro409Leu) in the protein-coding region of the CDKAL1 
(NM_017774.3). The reported variant was found pathogenic 
according to the In-Silico variants pathogenicity detection 

Table 4. Risk variants in the IRS-2, CDKAL1, PAX4, WFS1 and CAPN10 gene reported in the study subjects
Genes Identifier Variant Allelic

frequency Chr.pos1 Genotype Mutation SIFT score PolyPhen score HGVSc

CAPN10 rs55878652 T>T/C 12.04 Chr2:240598644 Het Missense-
Variant

Deleterious 
(0.02)

Probably damaging 
(0.997)

c.1990-
7T>C

CAPN10 rs2975766 A>G/G 98.98 Chr2:240598657 Hom3 Missense-
Variant

Deleterious 
(0.05)

Possibly damaging 
(0.52)

c.1996A>G

CAPN10 rs7607759 A>A/G 11.68 Chr2:240596709 Het Missense-
Variant

Deleterious 
(0.04)

Possibly damaging 
(0.83)

c.1510A>G

PAX4 rs712701 T>T/G 67.05 Chr7:127611134 Het Missense-
Variant

Deleterious 
(0.02)

Possibly damaging 
(0.597)

c.962A>C

PAX4 rs772936097 TA>TA/T 56.01 Chr7:127611134 Het Splice-Variant Deleterious 
(0.05)

Probably damaging 
(0.997)

c.748-3delT

IRS-2 rs1805097 C>C/T 28.33 Chr13:109782884 Het2 Missense-
Variant

Deleterious 
(0.04)

Probably damaging 
(0.95)

c.3170G>A

NEUROD1 rs1801262 T>C/C 77.08 Chr2:181678728 Hom Missense-
Variant

Deleterious 
(0)

Probably damaging 
(0.997)

c.133A>G

CDKAL1 rs77152992 C>C/T 8.61 Chr6:21065218 Het Missense-
Variant

Deleterious 
(0.02)

Probably damaging 
(0.997)

c.1226C>T

WFS1 rs1801212 G>G/A 88.44 Chr4: 6300792 Het Missense-
Variant

Deleterious 
(0.02)

Probably damaging 
(0.997)

c.997G>A

WFS1 rs1801208 G>G/A 6.03 Chr4: 6301162 Het Missense-
Variant

Deleterious 
(0)

Possibly damaging 
(0.671)

c.1367G>A

WFS1 rs734312 G>G/A 46.92 Chr4: 6301627 Het Missense-
Variant

Deleterious 
(0)

Probably damaging 
(0.972)

c.1832G>A

1Chromosome position; 2Heterozygous; 3Homozygous

Table 3. Summary of Variants/SNPs reported by WES
Total variants Homozygous 

variants/SNPs
Heterozygous
variants/SNPs Deletions Insertions Missense 

SNPs
SNPs expressed 

in pancreas
Damaging 

SNPs
1048575 607572 441003 99392 74390 7710 1797 570

Figure 1. Variant filtration and prioritization pipeline.

Variants annotated files

Filter for exonic variant

Filter for missense variants

Filter for selected T2D suspected genes

Filter for pathogenic variants in CAPN10, IRS-2, 
CDKAL1, PAX4, NEUROD1, and WFS1
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by the introduction of or massively parallel or deep 
sequencing.43 The NGS is one of the most important tools 
in identifying risk variants for T2D that have escaped 
detection by GWAS.44 The most frequently implicated 
genes in T2D are IRS-2,45 CDKAL1,19 PAX4,46 NEUROD1,47 
WFS1,48 CAPN10,49 ADCY5, PROX1, GCK, GCKR, 
DGKB,50 TCF7L2,51 PPARG, DUSP9, ADCY5, ARAP1, 
HMGA2, HNF1A, ST6GAL1, MTNR1B, HMG20A, FTO 
and HNF4A.52-54 However, most of these genes associated 
with T2D are recognized in the European population 
and very few genetic studies are present in the Pakistani 
population. Here, we present for the first time the whole-
exome sequencing in the Pakistani Pashtun population to 
identify possible core genes associated with T2D in this 
particular ethnic group.

The present study evaluated the genetic association of 
CAP10, PAX4, IRS-2, NEUROD1, CDKL1 and WFS1 genes 
with Type 2 Diabetes in the Pashtun ethnic population of 
KP, Pakistan. We reported three deleterious mutations 
A>A/G (rs7607759, c.1510A>G), T>T/C (rs55878652, c.1990-
7T>C) and A>G/G (rs2975766, c.1996A>G) in CAPN10 gene; 
reported variants possibly affect the glucose haemostasis 
leading to T2D in the studied population. Among the 
reported variants, two variants namely T>T/C (rs55878652, 
c.1990-7T>C) and A>G/G (rs2975766, c.1996A>G) were 
novel mutations not reported previously in any study. 
The third CAPN10 variant A>A/G (rs7607759, c.1510A>G) 
identified in our study was previously reported in several 
studies carried out in different ethnic populations. One 
study carried out in a Tunisian population suggests 
strong association of rs7607759 (A>G) with T2D.49 Two 
variants TA>TA/T (rs772936097, c.748-3delT) and T>T/G 
(rs712701, c.962A>C) in the coding region of PAX4 were 
reported. A large-scale meta-analysis in the Thai cohort 
investigated the weak association of rs712701 with T2D.55 
Genetic variations in PAX4 that has a key role in beta 
cells differentiation and development causes a decline 
in beta cells function, glucose intolerance thus act as a 
predisposing gene for T2D in the studied population. 

Our study reported apathogenic T2D risk variant 
rs1805097 (also known as Gly1057Asp) in the protein-
coding region of the IRS-2 gene previously reported in 

a study conducted in the Kurdish Iranian population. 
Hence, our findings support a study conducted in the 
Kurdish Iranian population and suggest an association 
of IRS-2 Gly1057Asp polymorphisms with T2D in the 
Pakistani Pashtun population. The IRS-2 encodes a protein 
the ‘insulin receptor substrate 2’ that mediates effects 
of insulin. Mutations in IRS-2 impairs normal insulin 
function and leads to T2D.56 However, it is not necessary 
that in all ethnic populations rs1805097 of IRS-2 may 
increase the risk for T2D. For example, a study from Fujian, 
China reveals that the Insulin receptor substrate-2 (IRS-2) 
rs1805097, G>A polymorphism is strongly associated 
with colorectal cancer.57 

Another variant of T2D susceptibility variant T>C/C 
(rs1801262, c.133A>G) was identified in NEUROD1a gene 
involved in the embryonic development of pancreatic beta 
cells. Mutations in the NEUROD1 leads to improper islet 
formation and marked reduction in beta cells number. 
The aforementioned mutation was already reported in a 
population-based genetic study in Finland.58 Similarly, 
we report a heterogeneous missense mutation in the 
coding region of CDKL1 (C>C/T, c.1226C>T) in the studied 
population. This gene encodes a protein ‘regulatory 
subunit-associated protein 1’ and is broadly expressed 
in the beta cell and neuronal cells. Mutations in CDKL1 
causes loss of pancreatic beta cell’s function. More than a 
dozen studies conducted in a diverse population confirm 
that CDKL1 mutation increases susceptibility to T2D.59,60 
To our knowledge, this study is the first of its kind in 
the Pashtun ethnic population reporting a missense 
variant in CDKL1 responsible for T2D.

Furthermore, we reported three missense variants G>G/A 
(rs1801212, c.997G>A), G>G/A (rs1801208, c.1367G>A) and 
G>G/A (rs734312, c.1832G>A) in WFS1 a gene that encodes 
a transmembrane protein, primarily located in the endo-
plasmic reticulum and highly expressed in pancreas, brain, 
heart and kidneys. Mutations in WFS1 are associated 
with T2D according to various studies conducted in 
different ethnic populations. All studies reveal a strong 
association of the aforementioned mutations with 
T2D.48,61-63 Thus, our present study is an agreement with 
previous studies. 

Table 5. Risk variants identified by exome sequencing and confirmed by Sanger sequencing
SNP

Sanger Sequencing WES 
Chromosome position Reference base Variation Chromosome position Call Variant frequency Read depth 

rs1805097 109782884 C T 109782884 C>T 28.33 145
rs77152992 21065218 C T 21065218 C>T 8.61 518
rs712701 127611134 T G 127611134 T>G 67.05 632
rs772936097 127611134 TA T 127611134 TA>T 56.01 228
rs1801262 181678728 T C 181678728 T>C 77.08 497
rs1801212 6300792 G A 6300792 G>A 88.44 512
rs1801208 6301162 G A 6301162 G>A 6.03 124
rs734312 6301627 G A 6301627 G>A 46.92 376
rs7607759 240596709 A G 240596709 A>G 11.68 36
rs55878652 240598644 T C 240598644 T>C 12.04 171
rs2975766 240598657 A G 240598657 A>G 98.98 193
 Light yellow: Common bases between Sanger and Exome sequencing analysis;  Light green: Same identified variant position on chromosome
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CONCLUSION 

The present study identified a total of 11 mutations, 2 novel 
and 9 previously reported mutations associated with T2D 
in the Pashtun ethnic population using the nascent WES 
technology. The identified exonic mutations possibly 
alter the amino acid sequence and protein expression 
contributing to the pathogenesis of T2D. It is recommended 
that similar projects should be designed on a large scale to 
screen individuals who are genetically susceptible to T2D. 
Awareness campaigns on genetic and environmental risk 
factors should be initiated in the general public. This will 
help reduce/control the prevalence of the disease.
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