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ABSTRACT

Background and Objective: Pakistan, a South Asian developing country, is experiencing a rapid increase in number of
diabetes cases. High prevalence ratio of diabetes in Pakistani population and lack of genetic research studies prompted
us to design this study. This present study investigated Pakistani Pashtun population for (known and novel SNPs) and its
possible correlation with Type-2 Diabetes Mellitus (T2DM).

Methods: This two stage (discovery & validation stage), case-control association study included one thousand
individuals (Patients with T2DM=500 & controls=500) from eight districts of Khyber Pakhtunkhwa Pakistan. The study
duration/period was from March 2018 to January 2020. In the first stage (the discovery stage) the target population
was screened for known and novel T2DM-associated genetic markers. In the validation stage, identified variants were
confirmed for T2DM association using MassARRAY genotyping and association analysis.

Results: Exome sequencing detected eleven known and four novel/new genetic markers in the study population.
Novel variants were preferred over the known for follow-up analysis/validation. Among the identified variants strong
associations were confirmed for the following variants; rs1781133/ANKRD65 (OR=2.10, 95%Cl=1.06-3.08, P=0.003)
rs2274791/TTLL10 (OR=1.97, 95%Cl=1.36-2.62, P=0.025), rs71628928/RNF223 (OR=1.82, 95%Cl=0.97-1.92, P=0.041),
and rs609805/SCNN1D (OR=2.21, 95%Cl=1.92-3.09, P=0.001) with T2DM; other reported variants showed no noticeable
association (having P>0.05) with T2DM.

Conclusion: This study reports new genetic risk variants for T2DM in Pashtun population providing valuable insights into
the genetic basis of T2DM in this group.
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INTRODUCTION

Pakistan a developing South Asian country is facing a
sharp increase in number of diabetic cases. In the year
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greater than 400 loci responsible for T2DM.> However
large proportion of these studies disproportionately
carried out in individuals of European origin and very
few in Pakistani cohorts.? It is believed that the genetic
spectrum of diabetes in Pashtun population of Pakistan
is different from elsewhere. The unique genetic makeup
and unique living style of the study cohort make it very
suitable for genetic studies as of present.> The present
study was initiated to screen Pashtun ethnic population
of Pakistan, for known (previously associated with
T2DM) and novel genetic biomarkers using Whole
Exome Sequencing (WES).

METHODS

In this case control association study, a total of
n=1000 individuals (500 diabetic patients & 500 healthy
volunteers) from Pakistani Pashtun population were
enrolled. The study duration was from March 2018 to
January 2020.The participants were from eight districts
of KP (Khyber Pakhtunkhwa) Pakistan. It was carried
at multiple health centers/hospitals; patients were
enrolled at Hayatabad Medical Complex Peshawar,
Khyber Teaching Hospital Peshawar and Lady Reading
Hospital Peshawar (Fig.1). Blood samples from healthy
volunteers/controls were collected at free medical
screening camps arranged by Non-Government
Organization (NGO) at Hayatabad Medical Complex
Peshawar and Charsadda Diabetes Association.
Informed consent from all participants was obtained,
ensuring their willingness to participate in the study.
Detailed information (demographic and clinical data)
of both cases and control were obtained on a proforma.
Ethical Approval: The study was approved by the
ethical committee of the Department of Pharmacy at the
University of Peshawar, under approval number 907/
PHAR, Date: October 30, 2018. Consent to participate in
the study was taken from all the study subjects.
Inclusion Criteria:

e Diabetes mellitus diagnosed as per indications
settled by International Diabetes Federation (IDF);
i.e. fasting blood glucose level (shortly denoted as
FBS) >126 mg/dL and RBS (random blood glucose
level) >200 mg/dL.

* Individuals with age in range of 30 to 80 years.

e Study participants from Pashtun cohort.

Exclusion Criteria:

e Study Participants with chronic illnesses such as
recent severe infections like hepatitis or coronavirus
or malignancies were not enrolled in the study.

*  Mentally ill patients.

* Those patients having age not in range (30-80 years).

The control group (without having any major disease/
pathology) comprised healthy volunteers from the
general population and were matched in terms of age
and gender with patients. The FBS and RBS levels of the
control group were in normal range, i.e. FBS less than 100
mg/dL and RBS less than 200 mg/dL.

Blood Samples Collection: A blood sample of 3ml was

collected from each study individual and drawn into
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EDTA tubes. Proper labelling of the tubes was ensured
to maintain accurate identification of the samples.
Following this EDTA containing blood samples were
stored at -10°C.

DNA Extraction and Quantification: Two hundred
micro-liters (200 pl) of whole blood samples were used
for DNA extraction. Extraction was carried out using
kit method (specification of the kit used: Wiz-Prep no.
W54100) whereas DNA quantification was carried out
using the Invitrogen Qubit™® system. Finally, DNA
concentration was adjusted to 5 ng/pL.

DNA Pooling: DNA samples pooling was carried using
carefully following the previously described protocols.®”
Two pools were constructed; the first pool consisted of
DNA samples from 500 individuals diagnosed with
T2DM, while the second pool contained DNA samples
from 500 healthy controls. Pools were constructed
in such a way that it contains equal amount of DNA
(10ng) from every participant. Pooling helped us in
reducing the number of individual DNA samples that
need to be processed. The DNA pools constructed were
then subjected to high-throughput sequencing, for
identification of genetic variants.

Whole Exome Sequencing: Exome Sequencing was
performed at center of genomics, Rehman Medical
Institute Peshawar. The aim of exome sequencing was
to capture variants in protein-coding region (the exome)
which is believed to contain a significant portion of

Fig.1: Map representing different districts from where
the study participants belongs and major hospital
where blood samples were collected.
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disease-related genetic variants. Using the Illumina
Nextera XT DNA library preparation kit paired-end

Table-I: Socio-demographic details and
other characteristics of study Participants.

libraries of the pooled DNA samples were generated.

This kit provides a streamlined and efficient workflow Variables Casen(f)  Controln(f)  P-value
for library preparation, enabling the capture of the
exonic regions of interest. The quantified DNA libraries, Gender
representing the pooled samples, were then subjected Male 358 (71.6%) 356 (71.2%)  0.897
’iﬁasceiglrllzncmg using the Illumina HiSeq2500 sequencing Female 142 (28.4%) 144(28.8%)
Bioinformatic Analysis: To process the raw sequencing Mean age (Years) ~ 57+12.40 57+13.43  0.951
data a custom-built, in-house next-generation sequencing Mean weicht
bioinformatics pipeline was used. The analysis workflow (kg) & 61.64£6.07  59.55+8.32  0.801
involved several steps to ensure data quality and accurate .
variant identification. First, the FAST-Q files generated Occupation
by HiSeq2500 sequencing platform were subjected to Labour 140 (28.0%) 119 (23.8%)
a quality control step. Low-quality reads, defined as Government
those with a quality score (Q-score) below 30, were servant 30 (6.0%) 40 (8.00%)
filtered out using the Trimmomatic software tool.® Next, i . .
RAMICS software was used to align the filtered reads Business man 10 (2.00%) 08 (1.60%)  0.589
to reference genome (hgl9/GRCh37) assembly.’ This Farmer 20 (2.00%) 90 (18.0%)
alignment process allqwed fo'r mapping tlr}e reads'to their House wife 130 (26.0%) 142 (28.4%)
corresponding genomic locations. For variant calling was
GATK and SAM software tools were used.!*! These tools Driver 80 (16.0%)  40(8.00%)
employ different algorithms and strategies to identify Shopkeeper 90 (18.0%)  61(12.2%)
genetic variants, such as SNPs and small insertions/ . L
deletions (indels), in the aligned reads. To annotate the Geographical area (District)
identified variants, the ANNOVAR software tool was Peshawar 150 (30.0%) 139 (27.8%)
employed.”? The ANNOVAR generated annotated variant Charsadd 70(14.00%) 82 (16.4%
list, was stored as a Comma-Separated Values (CSV) file arsadda (14.00%) (16.4%)
format. For easy interpretation and visualization of the Swat 19(3.80%) 11 (2.20%)
data, the CSV file was cop'ied into'an Excel forme}t sh'eet. Dir 11 (2.20%) 09 (1.80%) 0.439
E'xcel' prov1des' a useli-frlendl}l. interface for fllter}ng, Mardan 120(24.0%) 150 (30.0%)
viewing, searching and interpreting the annotated variant
data, allowing us to easily explore the genetic variants of Kohat 15 (3.00%) 08 (1.60%)
interest. = o . Bannu 25 (5.00%) 19 (3.80%)
Variants filtration and validation by genotyping: Whole . .
Exome Sequencing (WES) generated large amount of Buner/Behlola  90(18.00%)  82(16.40%)
data (>600 GB of data), that poses challenges in terms Family history of T2DM
of handling and' processing. To eff{aenﬂy manage and Yes 475 (95.0%) 55 (11.00%)  0.02
focus on the variants of interest, a filtering strategy was
implemented. Initially, the annotated file containing No 25 (5.00%)  445(89.00%)
variant information was manually curated. Novel, Exercise
exonic non-synonymous missense variants were retained . o 0
for further analysis. These types of variants have the Nor-exercising 411 (822%) 370 (74.0%)

otential to cause functional changes in proteins or affect Walkin: 75 (15.0%) 98 (19.06% 0.11
p 8 p 8
the regulation of gene expression, making them relevant . 09 (1.80% 20(4.40%
to the study. On the other hand, synonymous variants, Jogging (L. 00) . :)
which do not alter the amino acid sequence of proteins, Gym/Sport 05 (1.00%) 10 (2.00%)
were excluded from ‘the analysis. ‘ Smoking

Synonymous Varlant.s are generally cor}mdered' to Cigarette 113 (22.6%) 98 (19.06%)
have a neutral or benign impact on protein function 0.62
and may not directly contribute to the phenotype under Snuff 220 (44.0%) 240 (48.0%)
investigation. By filtering the data in this manner, the No-smoking 167 (33.4%) 162 (32.4%)
focus was narrowed down to variants that are more likely . .
to be functionally relevant and potentially associated Diet control/compliance
with T2DM. Following the filtration step; validation Yes 290 (58.0%) 311 (62.2%)  0.43

of WES identified variants were carried out using
Sequenom MassARRAY genotyping and association
analysis. The MassARRAY system is a robust and high-
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throughput genotyping platform known for its accuracy
and efficiency. It enables the genotyping of multiple
single nucleotide polymorphisms (SNPs) simultaneously,
ranging from tens to hundreds of SNPs, within a short
period of time.

Statistical Analysis: For data analysis latest statistical
software the IBM SPSS.V24 (version 24) was used. The
important variables selected for analysis, includes
gender, age of the subjects, geographical area, weight,
exercise habits, lifestyle factors, diet and variants
identified/reported. To assess the differences in risk
allele frequencies distribution between cases & controls,
the x* test was employed. Whereas T2DM X Variants
association was evaluated applying binary logistic
regression analysis. A probability value less than 0.05
was considered statistically significant.

RESULTS

The socio-demographics of the study participants have
been described in Table-I. Co-morbidities prevalence
was recorded and cases compared with controls. Table-
II. The mentioned co-morbidities include hypertension
(high blood pressure), renal failure (kidney failure),
hypercholesterolemia (high cholesterol levels), and
retinopathy (eye disease). Majority of the patients
included in the study were reported as physically inactive,
indicating that they were not involved in regular physical
activity. Moreover, the study participants predominantly
resided in urban areas of Khyber Pakhtunkhwa Pakistan.
The study participant's compliance with prescribed
medications and dietary recommendations was recorded
as poor. Majority of the participants did not adhere well
to their prescribed drug regimens and dietary guidelines.
WES Results: The exome sequencing reported a total of:
n = 1,248,875 Single Nucleotide Polymorphisms (SNPs).
Among the total SNPs, n = 691,223 were reported as
heterozygous, in a heterozygous SNPs, one allele differs
from the other at particular location. There were n =
407,572 homozygous SNPs, in homozygous SNPs both
alleles at the specific genomic position were the same. A

total of n = 74,390 insertions were identified, indicating
the addition of extra nucleotides at specific positions in
the genome. The exome sequencing identified n = 99,392
deletions, which indicates the removal of nucleotides
from specific positions in the genome. Out of the total
SNPs, n = 50,280 were located in exonic SNPs, exon is
protein coding regions. Within the exonic SNPs, n =7,910
were reported as missense variants. Missense variants
are SNPs that result in the replacement of single amino
acid in the encoded protein. Among the exonic SNPs,
n = 1,987 variants were expressed in the pancreas. This
suggests that these SNPs are present in the genomic
regions that are actively transcribed and translated in
pancreatic tissues. A total of n = 650 SNPs were reported
as pathogenic. Pathogenic variants are genetic variations
that are associated with the development or increased
risk of a disease or disorder.

Exome sequencing in the target population identified
a long list of genes and polymorphism present in it. WES
identified; known genetic markers in NOTCH2, GCKR,
NEUROD1, CAPN10, ADCY5, WFS1, CDKAL1, HLA-B,
GCK, PAX4 and SLC30A8 genes (Table-III). Genetic
variants/markers in these genes have been previously
reported in literature for T2DM association. The novel
mutations/variants reported in the study population
were rs904589/ ANKRD65, rs1781133/ ANKRD65,
15145378993/ ANKRD®65, rs13374146/ TTLL10, rs1320571/
TTLL10, 1rs2274791/TTLL10, 1571628928 / RNF223,
rs4333796/RNF223,  rs609805/SCNN1D, rs6690013/
SCNNI1D and rs2228579/SCNNI1D. These variants have
not previously been reported for any disease by any
research study or database. Of these novel variants
WES labeled/marked rs1781133/ANKRD65, rs2274791/
TTLL10, rs71628928/RNF223, and rs609805/SCNN1D as
daibetogenic/ pathogenic or disease causing (Table-1V).
SNPs validation and association analysis: To validate
WES results and reduce the chances of false-negative
and false-positive identification rates, the prioritized
(novel) SNPs identified by exome sequencing were
genotyped using MassARRAY technology. MassARRAY

Table-II: Co-morbidities prevalence in patients and healthy volunteers.

Frequency
Disease P-value
Cases Control
Hypertension 64.00% 10.00% 0.002
Retinopathy 61.00% 0.00% <0.001
Hypercholesterolemia 14.00% 6.01% 0.009
IHD 24.00% 0.00% <0.001
Renal failure 12.00% 0.00% <0.001
HCV 0.00% 0.00% <0.001
HBV 0.00% 0.00% <0.001

Abbreviations: HCV: Hepatitis C virus; HBV: Hepatitis B virus; IHD: Ischemic heart disease

Pak J Med Sci November 2024 Vol. 40

No.10  www.pjms.org.pk 2339



‘Aouanbauy afa[[e sII 1 VY ‘snoAzowoy :0wof] ‘sno84zo1e)af] 3o ‘9ouanbas urejord gGADL] a3 :dGADH
‘aureu adusnbas Surpoos GAD] oY) :DGAD ‘Aduanbaiy :baxg ‘sowosowony) iy ‘wsrydiowAjod aprosonu o[3ulg ( INS :SU011V122499Y

dirgze8ry-d 1<D€L6 u3ruag pajeld[0],  JUBLIBA™ 9SUSSSIUI 1289 6894 Py 8§ 1/D<D ¥£999¢€Ist  8V0£DIS
. P juerreA . . L/ £609¢

LPPe-gpL>  Suideweq A[qissod  snotRidRQ ot aonds Prve  89€9 U Lo o) gy PXVd

oxJrzestiHd D<V7962 Surdewre A[qIsso] SNOLSIS[R( — JUBLIBAT 9SUSSSIUL T10'8¢ arav 9y L 9D/1<L T04CTLSE TXVd

— — Srus QeI JUELIEA . : ) S

uBluag  PAIRMIOL e oot €6T€ TESE WU L V/D<D  PLI806TST 309D

yreceerv'd 1<DE86° u3ruag pajeld[0],  JUBLIEA™ 9SUSSSIUI ¢rsy  ¥9'l9 9y 9 1/D<D 88VIS0TsT qd-vV'IH

1956vesAD d D<O9p01> Surdewreq A[qeqoi pajeld[0],  JUBLIBAT 9SUSSSIUI 90T €¥'19 Py 9 9/D<D  G9980¢cst d-V'1H

na760701J°d L<D9¢ct» Suidewe@ SNOLPPPR  JUBLIEA  9SUSSSIUI 11Ce 1C LY 9y 9 1/D<D  T66CSILLSE TIVAdD

stH9Gy81yd V<OL9ET SurSewe snouBIRRQ  JUBLIEATISUISSIUL 9L'1¢ €9°Cq 9y ¥ V/9<D S80CTO8TsL I1SdM

arrecereAd V<DL66™ SurSewe  SNOLRRE(  JUBLIEA OSUISSIW ¥I'6v  6€19 Y ¥ V/D<D  ZITI08Is! 1SAM
-— ) Suidewe SNOLISILP ueLeA . : E} SI

D<17+006¢ I a LR uorSax aorrds 16CS 8476 Yy ¢ D/V<V 9198 qGAOAv

reA99991rd D<VI6617 SurSeweq snouelREQ  JUBHEAT ISUISSIUL (A WVA 4 €664 WOy T 9/9<Vv 99LG26¢S1 0INdVD
...... - ) Suidewre SNOLID}A[A jueLea : : ) SI

D<1/-0661 I a LR uorSar aords ¢CSE 6894 Yy T DO/1<l T998/8SS 0INdVD

ervHosyL d D<VOISLP Surdeweq snouBIRE  JUBLIEATISUISSIUL 06'0¢ 89°99 9y T D/V<Vv 6G4£09L51 0INdVD

elygpyLd O<veeld  Surdewreq A[qIss0]  SNOLIBIS[R  JUBLIEAT SUISSIUI T8¢ 9T'ey woy T D/D<l  79T1081sI TAOYNAN

o1J9%pnaTd O<ILEET™ u3ruag paleld[0],  JUBLIEA™ ISUSSSIUI €609 48 9y 7 D/I<1 92€09¢Tst WIDOO

dipersdyd D<DLSD u3ruag pajeld[0],  JUBLIBA™ 9SUSSSIUI 1169 ¥914 Py 1 D/D<D  $SG0TSIISI  CHDION

sA1geno-d V<OCIL? u3ruag pajela[0],  JUBLIRA  9SUISSIW 90¢Cc €V'1C ™Yy 1 L/D<D 106881981 THDION

Tegopusy-d DO<VLETLD u3ruag pajeld[0],  JUBLIRA  3SUSSSIUI 16'L8 1¢'L6 9y I D/I<L 00688419sT CHDION

d 2 HonmIpaLd uon 2ouanbasuo s104 59519 adfy i UvL U2
SADH SADH woyghiog  -wwaig ifis D gvy vy ouam MO THUHVA - ATANS4Y )

‘INAZL T0J sauad umous| Apeaie Ul sjuerres paygnuapt Surouanbas awoxa ajoyp II1-9[qe],

2340

www.pjms.org.pk

November 2024 Vol. 40 No. 10

Pak J Med Sci



Table-IV: Whole Exome Sequencing identified new/novel variants in the target population.
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HGVSc: the HGVS coding sequence name; HGVSp: the HGVS protein sequence. Het: Heterozygous; Homo: homozygous.

is a genotyping platform that allows for accurate
and high-throughput genotyping of specific genetic
variants. After genotyping the SNPs, association analysis
using appropriate statistical tests was performed.
Using association analysis of the genotyped SNPs, we
assessed the associations between the SNPs and T2DM
susceptibility. Genotyping and follow-up association
analysis showed strong association of rs1781133/
ANKRD65 (OR =2.10, 95%Cl = 1.06-3.08, P = 0.003),
152274791/ TTLL10 (OR = 1.97, 95%Cl = 1.36-2.62, P =
0.025), rs71628928/RNF223 (OR = 1.82, 95%Cl = 0.97-
1.92, P = 0.041), and rs609805/SCNNID (OR = 2.21,
95%Cl = 1.92-3.09, P = 0.001) with T2DM in the study
population (Table-V). These SNPs exhibited significant
differences in the distribution of Risk allele frequencies
(RAFs) between cases and healthy volunteers (controls).
The higher burden of risk alleles in patients compared
controls suggests a potential contribution of these genetic
variants to the development or increased risk of T2DM
in the studied population. Likewise, variants rs904589/
ANKRDG65, rs145378993 / ANKRDG65, rs13374146/ TTLL10,
rs1320571/TTLL10, rs4333796/RNF223,  rs6690013/
SCNNI1D and rs2228579/SCNN1D when checked for
T2DM showed no/negative (P > 0.05) association with
T2DM in the target population.

DISCUSSION

The present two stage case-controls study screened
Pakistani Pashtun population for potential T2DM
associated risk variants. In stage first (the discovery
phase) Exome Sequencing was performed whereas in the
2nd stage (also called the confirmation/validation stage)
the WES reported variants were analyzed for potential
T2DM association. WES involves sequencing the protein-
coding regions of the genome, which are believed to
harbor a significant portion of disease-related variants.
Exome sequencing detected novel variants in the
following genes namely ANKRD65, TTLL10, RNF223 and
SCNN1D and known genetic variants in NOTCH2, GCKR,
NEUROD1, CAPN10, ADCY5, WFS1, CDKAL1, HLA-B,
GCK, PAX4 and SLC30AS8 genes and marked/labeled
these as pathogenic and non-pathogenic. We focused
novel variants compared to known variants. Among
the prioritized/novel variants the variant rs1781133
(c.1165C>A, p.Glu389GlIn) is present at exon 4 of the
ANKRDG65 gene. This alteration results from substitution
of glutamic acid at position 389 with glutamine, and has
shown significant association with T2DM in the study
population. Although the clinical significance of this
alteration remains unclear and conflicting. We observed
notable association of ANKRD65 gene with T2DM other
studies reported it for neurodevelopment disorders.'>!*
It's important to note that the clinical significance of a
genetic variant can vary across different populations and
contexts.

Likewise =~ SNP  rs2274791/TTLL10  (c.1733G>A,
p-Gly578Asp) which results from substitution of Glycine
at position 578 with aspartate showed positive association
with T2DM in the study population. Hu.et.al in Taiwanese
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Table-V: Conformation of WES identified Prioritized/novel variants in the 2" (validation) stage.

Gene SNP Alteration RAF (cases)  RAF (controls) OR (95% CI) P-value
ANKRD65 15904589 C>C/G 0.33 0.29 1.74 (1.40-1.81) 0.090
ANKRD65 rs1781133 C>C/A 0.41 0.21 2.10 (1.06-3.08) 0.003
ANKRD65 15145378993 C>C/T 0.23 0.20 1.27 (0.87-1.67) 0.134
TTLL10 rs13374146 T>T/C 0.35 0.31 1.62 (1.08-1.76) 0.126
TTLL10 rs1320571 G>G/A 0.33 0.28 1.53 (0.56-1.95) 0.081
TTLL10 rs2274791 G>G/A 0.45 0.30 1.97 (1.36-2.62) 0.025
RNF223 1rs71628928 G>G/T 0.66 0.55 1.82 (0.97-1.92) 0.041
RNF223 154333796 G>G/A 0.69 0.67 1.15 (0.87-2.13) 0.291
SCNN1D 152228579 G>G/C 0.24 0.22 1.77 (0.83-1.82) 0.215
SCNN1D 156690013 G>G/A 0.41 0.39 1.46 (1.32-1.99) 0.139
SCNN1D rs609805 G>G/A 0.62 0.31 2.21 (1.92-3.09) 0.001

cohort reported the same variant (rs2274791/ TTLL10) for

diabetes.’ Likewise WES detected

three variants

a neurological movement disorder dystonia.'*It suggests
that this variant may have pleiotropic effects. Pleiotropy
refers to a single genetic variant influencing multiple
phenotypic traits or diseases. Mutation (rs71628928) in
RNF223 gene also showed to increase risk for T2DM in
the study population. The variant rs71628928 (c.725C>A,
p-Pro242His), represents genetic change that occurs at
position 725 in the DNA sequence. This change leads
to the substitution of a cytosine (C) nucleotide with
an adenine (A) nucleotide, resulting in a change at the
protein level. Specifically, the amino acid proline (Pro) is
replaced by histidine (His) at position 242 of the protein.
It is suggested that mutations in RNF223 gene increase
risk for pancreatic cancer which forward effect insulin
secretion from pancreas and increase chances of getting
T2DM.'® SNP rs609805 (G>G/A) located on SCNN1D
gene was marked pathogenic for T2DM in our study
population. This genetic variant results in a change at
the protein level where the amino acid glycine (Gly) is
replaced by arginine (Arg) at position 770. Moreover,
SCNNI1D encodes for the delta subunit of the epithelial
sodium channel (ENaC), which plays a role in sodium
ion transport across epithelial cell membranes. Variants
in SCNNI1D have been associated with various other
pathological conditions, including hypertension and
Liddle syndrome.”

Among the known reported variants (Table-III);
SNP rs1801262/ NEUROD1 was marked pathogenic by
WES for T2DM based on SIFT (Sorting Intolerant from
Tolerant) and PolyPhen (Polymorphism Phenotyping)
score. The NEUROD1 gene encodes for the neurogenic
differentiation one protein, which is a transcription
factor involved in the development and function of
pancreatic beta cells. Variants in NEUROD1 have been
studied in relation to various conditions, particularly
those related to impaired glucose metabolism and
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rs7607759, rs55878652, and rs2975766, are located in the
CAPN10 (Calpain 10) gene as pathogenic for T2DM in the
target population. CAPN10 has been studied extensively
in relation to Type-2 diabetes mellitus (T2DM) due to
its potential involvement in glucose metabolism and
insulin signaling.?**! Exome sequencing also reported
rs4482616/ ADCY5 deleterious in the study population.
ADCY5 encodes for the enzyme adenylate cyclase 5,
which plays a role in the production of cyclic adenosine
monophosphate (cAMP), a molecule involved in
cellular signalling. A number of studies have reported
polymorphism in ADCY5 for T2DM association.??
Two SNPs namely rs1801212 and rs1801208 located
on the WEFS1 (Wolfram syndrome 1) gene were
detected pathogenic for T2DM in the study population.
Polymorphisms in the WFS1 gene have been associated
with a rare genetic disorder called Wolfram syndrome,
also known as DIDMOAD (Diabetes Insipidus, Diabetes
Mellitus, Optic Atrophy, and Deafness) syndrome.?
Variant rs77152992/ CDKAL1 and two variants rs712701,
15772936097 located on PAX4 were also found pathogenic
for T2DM in the target population. CDKALI is involved
in the regulation of cell division and insulin secretion.
Variants in the CDKALI gene have been associated with
an increased risk of developing T2DM.?>% PAX4 is a
transcription factor that plays a critical role in pancreatic
development and the regulation of beta cell function.
Polymorphisms in PAX4 have been identified and
investigated in relation to T2DM susceptibility and beta
cell dysfunction.®
Study Strength and future suggestions: The present
studied identified novel variants in ANKRDS65,
TTLL10, RNF223, and SCNN1D, which have not been
previously reported with T2DM. This expands the
current understanding of the genetic architecture of
T2DM and opens new avenues for research. Future large
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scale genomics studies are suggested to identify the
pathway how these newly identified pathogenic variants
contribute to T2DM pathogenesis.

Limitations: The study included only Pashtun participants
from Khyber Pakhtunkhwa province, the inclusion of par-
ticipants from other Pakistani sub-populations such as
Punjabi, Sindhi, and Balochi, would have enhanced the di-
versity and generalizability of the study findings. Secondly
sample size was limited to one thousand participants.

CONCLUSION

This study confirmed the positive association
rs1781133/ ANKRD®65, rs2274791/TTLL10, rs71628928/
RNF223, and rs609805/SCNN1D with T2DM. Looking
to high prevalence of T2DM in Pakistani population it is
recommended that further studies should be designed
with larger sample size to help develop more effective
treatment approaches and personalized therapies tailored
to individuals” genetic profiles.

Acknowledgments: We extend our gratitude to all the
volunteers (controls) and diabetic patients (cases) for
their consent to participate in this study. The study was
supported by the Researchers Supporting Project num-
ber (RSP2024R119), King Saud University, Riyadh, Saudi
Arabia. We are grateful to Mr. Adnan for bioinformatic
analysis of the data. We used Digital (Al) for Grammar
and spell check.

Conflict of interest: None.

Funding: None.

REFERENCES

1 Flannick J, Florez JC. Type 2 diabetes: genetic data sharing to advance complex
disease research. Nat Rev Genet. 2016;17(9):535-549. doi: 10.1038/nrg.2016.56

2. Song MY, Kim HE, Kim S, Choi IH, Lee JK. SNP-based large-scale identification
of allele-specific gene expression in human B cells. Gene. 2012;493(2):211-218.
doi: 10.1016/j.gene.2011.11.058

3. Dziewulska A, Dobosz AM, Dobrzyn A. High-Throughput Approaches
onto Uncover (Epi)Genomic Architecture of Type 2 Diabetes. Genes (Basel).
2018;9(8):374. doi: 10.3390/ genes9080374

4. Jan A, Zakiullah, Khuda F, Akbar R. Validation of Genome-Wide Association Stud-
ies (GWAS)-Identified Type 2 Diabetes Mellitus Risk Variants in Pakistani Pashtun
Population. ] ASEAN Fed Endocr Soc. 2023;38(1):55-61. doi: 10.15605/jafes.037.55

5. Jan A, Zakiullah, Ali S, Muhammad B, Arshad A, Shah Y, et al. Decoding type
2 diabetes mellitus genetic risk variants in Pakistani Pashtun ethnic population
using the nascent whole exome sequencing and MassARRAY genotyping: A
case-control association study. PLoS One. 2023;18(1):e0281070. doi: 10.1371/
journal.pone.0281070

6. Wang J, Zou G, Zhao H. DNA pooling: methods and applications in association
studies. C Topics Hum Gen. 2007;179-208. doi: 10.1142/9789812790811_0008

7. Jan A, Saeed M, Afridi MH, Khuda F, Shabbir M, Khan H, et al. Association of
HLA-B Gene Polymorphisms with Type 2 Diabetes in Pashtun Ethnic Popula-
tion of Khyber Pakhtunkhwa, Pakistan. ] Diabetes Res. 2021;2021:6669731. doi:
10.1155/2021/ 6669731

8. Bolger AM, Lohse M, Usadel B. Trimmomatic: a flexible trimmer for Illumina
sequence data. Bioinformatics. 2014;30(15):2114-2120. doi: 10.1093/bioinformat-
ics/btul70

9. Wright IA, Travers SA. RAMICS: trainable, high-speed & biologically relevant
alignment of high-throughput sequencing reads to coding DNA. Nucleic Acids
Res. 2014;42(13):106. doi: 10.1093 /nar/ gku473

10.  McKenna A, Hanna M, Banks E, Sivachenko A, Cibulskis K, Kernytsky A, et al. The
Genome Analysis Toolkit: a MapReduce framework for analyzing next-generation
DNA sequencing data. Genome Res. 2010;20(9):1297-1303. doi: 10.1101/ gr.107524.110

11. LiH, Handsaker B, Wysoker A, Fennell T, Ruan J, Homer N, et al. The Sequence
Alignment/Map format and SAM Tools. Bioinformatics. 2009;25(16):2078-2079.
doi: 10.1093 / bioinformatics / btp352

12. Wang K, Li M, Hakonarson H. ANNOVAR: functional annotation of ge-
netic variants from high-throughput sequencing data. Nucleic Acids Res.
2010;38(16):€164. doi: 10.1093/nar/ gkq603

13.  Smith KR, Kopeikina KJ, Fawcett-Patel JM, Leaderbrand K, Gao R, Schiirmann
B, et al. Psychiatric risk factor ANK3/ankyrin-G nanodomains regulate the
structure and function of glutamatergic synapses. Neuron. 2014;84(2):399-415.
doi: 10.1016/j.neuron.2014.10.010

Pak J Med Sci

November 2024 Vol. 40 No. 10

14. Fromer M, Pocklington AJ, Kavanagh DH, Williams HJ, Dwyer S, Gormley P,
et al. De novo mutations in schizophrenia implicate synaptic networks. Nature.
2014;506(7487):179-184. doi: 10.1038/nature12929

15.  Hu CF, Luxton GG, Lee FC, Hsu CS, Huang SM, Hong JS, et al. Whole exome se-
quencing identifies novel DYT1 dystonia-associated genome variants as potential
disease modifiers. Res Square. 2020;18:2020-03. doi: 10.21203/rs.3.rs-21125/v1

16. Feng L, Wang ], Zhang ], Diao ], He L, Fu C, et al. Comprehensive Analysis
of E3 Ubiquitin Ligases Reveals Ring Finger Protein 223 as a Novel Oncogene
Activated by KLF4 in Pancreatic Cancer. Front Cell Dev Biol. 2021;9:738709. doi:
10.3389/ fcell.2021.738709

17.  GuX, GuD, HeJ, Rao DC, Hixson JE, Chen J, et al. Resequencing Epithelial Sodium
Channel Genes Identifies Rare Variants Associated with Blood Pressure Salt-Sensi-
tivity: GenSalt Study. Am J Hypertens. 2018;31(2):205-211. doi: 10.1093/ajh/hpx169

18.  Blobner BM, Kirabo A, Kashlan OB, Sheng S, Arnett DK, Becker LC, et al.
Rare Variants in Genes Encoding Subunits of the Epithelial Na* Channel
Are Associated with Blood Pressure and Kidney Function. Hypertension.
2022;79(11):2573-2582. doi: 10.1161/HYPERTENSIONAHA.121.18513

19. Sharma A, Moore M, Marcora E, Lee JE, Qiu Y, Samaras S, et al. The NeuroD1/
BETA2 sequences essential for insulin gene transcription colocalize with those
necessary for neurogenesis and p300/ CREB binding protein binding. Mol Cell
Biol. 1999;19(1):704-713. doi: 10.1128/MCB.19.1.704

20.  SaezME, Gonzalez-Sanchez JL, Ramirez-Lorca R, Martinez-Larrad MT, Zabena C, Gon-
zalez A, et al. The CAPN10 gene is associated with insulin resistance phenotypes in the
Spanish population. PLoS One. 2008;3(8):€2953. doi: 10.1371/journal.pone.0002953

21.  Permutt MA, Bernal-Mizrachi E, Inoue H. Calpain 10: the first positional cloning of
a gene for type 2 diabetes? ] Clin Invest. 2000;106(7):819-821. doi: 10.1172/]JCI11228

22.  Dupuis ], Langenberg C, Prokopenko I, Saxena R, Soranzo N, Jackson AU, et al.
New genetic loci implicated in fasting glucose homeostasis and their impact on
type 2 diabetes risk [published correction appears in Nat Genet. 2010;42(5):464].
Nat Genet. 2010;42(2):105-116. doi: 10.1038/ng.520

23.  Hodson DJ, Mitchell RK, Marselli L, Pullen TJ, Gimeno Brias S, Semplici F, et
al. ADCY5 couples glucose to insulin secretion in human islets. Diabetes.
2014;63(9):3009-3021. doi: 10.2337/ db13-1607

24.  Domenech E, Gomez-Zaera M, Nunes V. Wolfram/DIDMOAD syndrome, a
heterogenic and molecularly complex neurodegenerative disease. Pediatr Endo-
crinol Rev. 2006;3(3):249-257. https:/ / pubmed.ncbi.nlm.nih.gov/16639390/

25. Zeng Q, Zou D, Gu S, Han F, Cao S, Wei Y, et al. Different Associations Be-
tween CDKALI Variants and Type 2 Diabetes Mellitus Susceptibility: A Meta-
analysis. Front Genet. 2022;12:783078. doi: 10.3389/ fgene.2021.783078

26. Tian Y, Xu J, Huang T, Cui J, Zhang W, Song W, et al. A Novel Polymorphism
(rs35612982) in CDKALL1 Is a Risk Factor of Type 2 Diabetes: A Case-Control
Study. Kidney Blood Press Res. 2019;44(6):1313-1326. doi: 10.1159/000503175

27. LiY, Wang L, Lu X, Yang Z. CDKALI gene rs7756992 A/G polymorphism
and type 2 diabetes mellitus: a meta-analysis of 62,567 subjects. Sci Rep.
2013;3:3131. doi: 10.1038/srep03131

28.  Sujjitjoon J, Kooptiwut S, Chongjaroen N, Semprasert N, Hanchang W, Chanpra-
sert K, et al. PAX4 R192H and P321H polymorphisms in type 2 diabetes and their
functional defects. ] Hum Genet. 2016;61(11):943-949. doi: 10.1038/jhg.2016.80

Author’s Contribution: AJ, RAM, JYK, TM, MK, SSA,
NR and ARA: Conception, design, acquisition of data,
analysis and interpretation of data, methodology,
validation, original draft writing and revising. A],
TM, MK and SSA: Formal analysis. AJ, NR and ARA:
Investigation. AJ: The principal investigator is responsible
and accountable for the accuracy or integrity of the work.
All authors have read and approved the final manuscript.

Authors:

1. Asif Jan,
District Headquarter Hospital (DHQH), Charsadda 24430, Pakistan.
2. Ramzi A. Mothana,
3. Jun-Ya Kaimori,
Dept. of Nephrology, Osaka University Graduate School of Medicine,
Suita, 2-2 Yamadaoka, Suita, Osaka 565-0871, Japan.
4.  Tahir Muhammad,
Molecular Neuropsychiatry & Development (MiND) Lab,
Campbell Family Mental Health, Research Institute,
Centre for Addiction & Mental Health, Toronto 43964, ON, Canada.
5. Mehtab Khan,
Department of Biology, Faculty of Science,
University of Moncton, Canada.

6.  Syed Shaukat Ali,
Department of Pharmacy, University of Malakand, Pakistan.
7. Naveed Rahman,
8.  Abdullah R. Alanzi,
1,7: Department of Pharmacy, University of Peshawar,

Peshawar 25000, Pakistan.
2,8: Department of Pharmacognosy, College of Pharmacy,
King Saud University, Riyadh 1151, Saudi Arabia.

www.pjms.org.pk 2343



	_GoBack
	OLE_LINK2
	OLE_LINK3
	OLE_LINK4
	_Hlk128906190
	_Hlk128906730
	_Hlk128867580
	_Hlk128867639
	_Hlk146136536
	_GoBack
	_GoBack
	_Hlk152261921
	_GoBack
	_Hlk88311553
	_Hlk97541100
	_Hlk148702651
	_Hlk148512149
	_Hlk144262514
	_Hlk144953005
	_Hlk145593938
	_Hlk172035586
	_Hlk153017560
	_Hlk153017600
	_Hlk153017636
	_GoBack
	_GoBack
	_Hlk163590200
	_nebF19F2F30_F580_4EC1_94F7_554D41F3F860
	_nebD4856C29_02B5_47C7_993B_3E330AAB41F8
	_neb00E5CF71_E553_445E_8390_85139A8FC119
	_neb5EBCDA9E_7A35_416E_BAB6_ACD1F6D854F1
	_nebC289F6FB_2C30_4B31_A26D_8FF5E6C762D4
	_neb990B4CE8_7175_4447_9666_41505F1C05C5
	_neb2F4C2C52_5242_4C6C_A399_CBCC0001C9EF
	_neb36BC795E_9F97_47A8_B9A5_CA09BD9D3B92
	_nebF2E08CA6_DB61_41EA_B499_09082C2896D8
	_neb761BAAD5_6DAA_41E7_B143_7BF09C06C3B3
	OLE_LINK2
	_Hlk173751453
	italic24
	_GoBack
	_Hlk139738885
	_Hlk94522954
	_Hlk94734841
	_Hlk94523026
	_Hlk94523034
	_Hlk172204182
	_Hlk122963836
	_Hlk122963899
	_Hlk87027570
	_Hlk122964039
	_Hlk81248763
	_Hlk85804551
	_Hlk86163345
	_Hlk122960750
	_Hlk141394879
	_Hlk141395516
	_Hlk129300065
	_Hlk173325282
	_Hlk173084639
	_Hlk173101041
	m_-4750206140508576322__Hlk130888401
	_Hlk173872300
	_Hlk174909146
	_Hlk174909312
	_Hlk155981297
	_Hlk173785444
	m_7126197481973399584__Hlk130888401
	_GoBack
	_Hlk172141845
	_Hlk172141751
	_Hlk145327334
	_Hlk142516273
	_Hlk142516355
	_Hlk142518329
	_Hlk142516538
	_Hlk142517066
	_Hlk173087796
	_Hlk100996211
	_Hlk134287201
	_Hlk167636138
	_Hlk167636602
	_Hlk167684953
	_Hlk168653213

