Full text open access online (Since 2001)

© Kamla-Raj |JHG 2024

PRINT: ISSN 0972-3757 ONLINE: ISSN 2456-6330

Int J Hum Genet, 24(4): 345-353 (2024)
DOI: 10.31901/24566322.2024/24.04.900

Targeted Resequencing Approach in Identification
of Genomic Variantsin Individuals with Myocardial Infarction
Using Next Generation Sequencing-Based Multigene
Custom Designed M1 Pane

Desar aju Suresh Bhargav®, Nadeem Siddiqui?, BhadraMurthy V2, VijayaTar tte?, VanajaV*

1Department of Biotechnology, KLEF Deemed to be University, Guntur-522502,
Andhra Pradesh, India
2Cool Climate Oenology and Viticulture I nstitute, Brock University,
. Catharines, Canada
*Department of Botany, Sri Venkateswara University, Tirupati-517502,
Andhra Pradesh, India
“Department of Cardiology, SVIMS University, Tirupati-517502, Andhra Pradesh, India

KEYWORDS Biomarkers. Exons. Genes. Mutations. Polygenic. Variants

ABSTRACT The purpose of this study was to build advanced genetic diagnosis by identifying biomarkers associated with
Myocardial Infarction (MI) related disorders and to investigate the genetic predisposition to Ml and genes causative. For
this investigation and identification, the researchers have chosen genes most predominant in the Indian population
towards cardiovascular disorders and designed a customised panel comprising a set of selected genes implicated in
cardiovascular hedlth, atherosclerosis, and thrombosis, which is used for further sequencing and screening of the subjects
involved in the study. The researchers observed mutations in genes CELSR2, MRPS6 and APOB show clear involvement
in MI and cardiovascular related disorders and identified as the most repetitive across all the subjects. This comprehensive
analysis from cases to controls can contribute to valuable insights into developing precision medicine strategies focused
on examining the individual genes and variants included with M| to elucidate their specific contributions to MI-related

conditions and developing Polygenic risk scores.
INTRODUCTION

Myocardia infarction (MI) in common refers
to necrosis of heart muscles causing sudden dep-
rivation of oxygen and blood supply to arteries,
making a serious medical emergency if not diag-
nosed and treated at early stages. M1 has emerged
asacomplex diseasefrom theinteraction between
several genetic and environmental factors (Boffa
and Fazio 2024). Genetic risk factors for M1 and
coronary artery disease (CAD) and genetic risk
varies across different ethnic groups based on the
diverse range of populations, ethnicity, and life-
stylehabits(Kheraet a. 2023). Understanding the
genetic basisof CVD not only informsrisk predic-
tion but also opens avenues for targeted thera-
peutic interventions and personalised medicine
approaches. lincorporating genetic information
into risk assessment models, healthcare providers
can better identify individuals at higher risk for
Ml, leading to more customised prevention and
treatment strategies. Integration of polygenic risk
scoreswithclinical risk factorsrepresentsasignif-

icant advancement in predicting myocardial inf-
arctionrisk (Huang et a. 2023). Understanding the
genetic basisof CV D not only informsrisk predic-
tion but also opens avenues for targeted thera-
peutic interventions and personalised medicine
approaches by adjusting medication dosages
based on genetic profiles can enhance efficacy
and reduce adverse effects on M| patients (Will-
iamsand Jacobson 2022). Inrecent years, Genome-
WideAssociation Studies (GWAS) have emerged
as a powerful tool for investigating the genetic
underpinningsof complex diseases, including car-
diovascular conditions (Wash et al. 2023; Mauers-
berger et al. 2021). Recent GWAShaveidentifieda
multitude of genetic variants associated with vari-
ous cardiovascular phenotypes, shedding light onthe
intricate interplay between genetic factors and CVD
risk (Tcheendjieuet a. 2022). Notably, sudiessuchas
the CARDIOGRAM plusCAD Consortium havecor-
tributed subgtantialy to the understanding of the ge-
netic architecture of coronary artery disease (CAD)
(Aragamand Natargjan 2020). However, despitethese
advancements, thereremainsaneed for more com-
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prehensive investigations into the polygenic na
ture of CVDs and the potentia interactions be-
tween genetic variants and environmental factors
(Wanget . 2023).

Objectivesof theSudy

The main aim and objective of thisstudy isto
understand the underlying gene polymorphisms
involvedin myocardia infarction using thetarget-
ed resequencing approach with a customised Ml
screening panel for NGS analysis:

1 Targeted exon sequencing of reported genes
using custom designed M1 screening panel
among cases and controls.

2 Massvey pardld sequencing datafrom sub-
jectswill becombinedwiththedatafrom controls
to vdidate and identify the spedific variants.

3. Identifying the most predominant expressed
genetic variants among subjects screened
and reporting the novel variants, which may
be used asgenemarkersfor early recognition
of the condition.

To achieve the objectives, candidate genes
were chosen for their acknowledged role from
GWAS, and in this present article, the researchers
describe the results of the andyss of single-nude-
otidepalymorphisms(SNIPs) dravnfrom 17 candidate
genesin 48 coronary artery disease (CAD) cases,

METHODOLOGY

In the present study, the researchers focused
on around 50 samplesfrom the cardiol ogy depart-
ment of SVIMS(Sri Venkateswaralndtituteof Med-
ical Sciences). A 17-genecustomised MI panel was
designed with the most significant genes associ-
ated with coronary artery disease (CAD and CVD)
for molecular investigation. Genes sdlected for the
present study and used for screening the control and
subject group include CELSR2, MTHFR, MIAS3,
MY BPH,CXCL12,C120rf43 HNF1A APOE,WDR12,
APOB,KCNE2 MRP6,9_ CEA3 MRAS PHACTRY,
MTAR and CDKN2B.

Rationalefor GeneSdection

The genes included in the customised panel
were selected based on athorough review of exist-
ing literature and databases, aiming to encompass
key pathways and mechanisms associated with
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Myocardid Infarction. Considerationsfor incluson
wereasfollows:

1 Previous Associations: Genes with estab-
lished associations with M1, supported by
robust evidence from genetic studies and
meta-analyses, were prioritised.

2. Pathway Involvement: Theresearchersen-
sured the representation of genesinvolved
in crucia pathways such as lipid metabo-
lism, coagulation, endothelial function, and
inflammation, as these pathways play inte-
gra rolesin the pathogenesis of MI.

3. Population Relevance: Geneswithvariations
that show significant relevance in diverse
populations were favoured to enhance the
panel’s applicability across different ethnic
groups.

By combining these genes into a comprehen-
sive pandl, the researchers aimed to create a tool
that provides a nuanced understanding of the ge-
netic factors contributing to Myocardia Infarction,
paving theway for more targeted and persondised
approaches to risk assessment and prevention.

M aterialsand M ethods

A total of 48 patients aged above 18 yearsthat
were diagnosed with acute coronary syndromes
and were admitted to the Department of Cardiolo-
oy, Sri Venkateswara Ingtitute of Medical Scienc-
es, Tirupati, having acute coronary syndromesin-
cluding ST-Elevation myocardial infarction
(STEMI), Non-ST-Elevation myocardid infarction
(NSTEMI) and unstableangina, wererecruited for
thisstudy. Plasmalipid profilesincluding total cho-
lesteral, high density lipoprotein (HDL), low-den-
sity lipoprotein (LDL), very low-density lipopro-
tein (VLDL), and Triglycerideswere measured be-
fore inclusion into the study group. Fasting lipid
profiles (total cholesterol, HDL -cholesteral, trig-
lycerides) were estimated using commercia kitson
DXC600 Beckman autoanayser. To validate the
findings from the present study the researchers
also recruited around 22 healthy controls aged
above 18 yearsrepresenting 11 femaeand 11 male
samples without having any symptoms of CVD
related disorders. The study obtained clear ethical
approval and clearance from theinstitute, specifi-
caly fromtheIngtitutional Ethics Committee, with
reference number 844(a) dated 23/04/2019.



TARGETED NGS APPROACH OF MI ASSOCIATED GENES

After obtaining writteninformed consent from
the participants, 5ml of blood was collected using
vacutainers coated with EDTA. DNA extraction
was carried out according to the instructions pro-
vided by the manufacturer, utilising the PureLink
Genomic DNA Isolation Kit from Thermo Fisher
Scientific. Following the manufacturer’ s protocol,
approximately 100 ng of genomic DNA wasused
to construct DNA librariesusing the [lluminaAm-
pliseq Library preparation kit. The constructed li-
brarieswere quantified using the High Sensitivity
Genomic DNA Assay on the Qubit 3.0 platform
from Thermo Fisher Scientific. ThellluminaMiseq
platform was employed for sequencing, utilising
theMicroV2 300 cycleskit. Sequencing procedures
were conducted following the manufacturer’s
guiddines. Around 1.8 GB of total datagenerated
after sequencing and raw files were processed for
fastq conversion and data analysis.

RESULTS

The researchers describe 21 SNPs at different
loci among seven genes from 17 genes screened
towards 47 samples and identified CELSR2,
WDR12, MTHFR, MIA3, and APOB asthe most
repetitiveacrossall the subjects (Fig. 1). Also, no-
tably, HNF1A and SLC5A3 genes showed their
significant presence, and similarly, APOE, MRAS,
and CDKN2B showed wesk association with MI.
A total of 48 individuas (29 male and 19 female)
wereincluded in the study and overall, 244 varia-
tionswere identified in Table 1. Alterations were
observed in 31 samples (20 male and 11 female)
against atotal of 48 samplesshowing a65 percent
mutation rate and 96 SNP changesidentified over-
all from all the 17 genes targeted for sequencing
(Fg.2).
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Table 1: Showing mutation summary for 47 samples
sequenced (total of 244 variants were detected in 47
samples analysed targeting 15 genes)

ID Summary  Mean Median
NCBI_Build NA NA NA
Center NA NA NA
Samples 47 NA NA
nGenes 15 NA NA
Frame_Shift_Del 25 0.532 0
Frame_Shift_Ins 4 0.085 0
Missense_Mutation 209 4.447 4
Nonsense_Mutation 4 0.085 0
Splice_Site 2 0.043 0
Total 244 5.191 5
DataAnalysis

Data analysis was conducted using custom
built-in pipelinesdesigned specificdly for thispanel
on GRCh38-hg38 assembly. All the variantswere
annotated and filtered before processing with
adapter trimming, duplicate percentage, and GC
content. Analysis was carried out using the
GRCh38-hg38 pipelinefor targeted genesand fur-
ther variant prioritisation was based on quality
scores, depth, and coverage of sequenced sam-
ples. All the samples sequenced were primarily fil-
tered using the sequencing quality Q30 scorewith
greater than 80 percent, having a depth of more
than 75 percent with 99 percent coverage by con-
verting bel files to fastq using the bcl 2fastq con-
version gpplication of lllumina. For data analysis
and variant interpretation, online tools such as
Varminer and Franklin Genoox wereused, onesam-
plefaledthe QC and only 47 sampleswere selected
for data analyses and reporting for this study.

DISCUSSION

The present study identified several suscepti-
bility variantsfor CAD and/or Ml in the selected

Table 2: Showing mutation summary from CEL SR2 gene

SID Chr Ref Gene Variant exon txChange AAchange

43 chrl T CELSR2 FS De exon23 €.7189del T p.F2397Sfs'19
32 chrl T CELSR2 FS De exon23 €.7189del T p.F2397Sfs'19
33 chrl T CELSR2 FS De exon23 €.7189del T p.F2397Sfs'19
5 chrl T CELSR2 FS De exon23 €.7189del T p.F2397Sfs'19
44 chrl T CELSR2 FS De exon23 €.7189del T p.F2397Sfs'19
6 chrl A CELSR2 FS De exon 1 €.1490del A p.D497Vfs24
27 chrl T CELSR2 FS De exon23 €.7189del T p.F2397Sfs'19
19 chrl T CELSR2 FS De exon23 €.7189del T p.F2397Sfs'19
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Altered in 31 (65.96%) of 47 samples.
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Fig. 2. Showing list of genes and type of variants from all altered samples (around 65% SNV are identified
in 47 samples sequenced with different mutation types)

population. These include four genes, namely,
CELSR2,WDR12, MIA3, and APOB, that exhibit-
ed the most conspicuous association with CAD
and MI. By combining thesefindingswith clinical
manifestations, one can aim to create risk scores
that provide a nuanced understanding of the ge-
netic factors contributing to Myocardia Infarc-
tion, paving theway for moretargeted and person-
alised approaches to risk assessment and preven-
tion. CEL SR2 hasastrong connectioninthe patho-
genesis of M| condition and expresses strong ev-
ident frameshift deletion inthemgjority of the sub-
jects. Theassociation of CEL SR2 and mutationsin
this gene have previously been reported in alter-
ing levels of LDL-cholesterol affecting patients
with Acute Coronary Syndrome, cardiovascular
disease, and congenital heart defects. Based on
OMIM and diseasedatabasereports, CEL SR2 vari-
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ation can be classified as alikely pathogenic vari-
ant. Studies, including the research by Samani et
al. in 2008, have highlighted the involvement of
CEL SR2 geneson chromosome1in CAD, primari-
ly through the enhancement of plasmalow-densi-
ty lipoprotein (LDL) leve sviacholesterol metabolism
(Samani et al. 2008).

Frameshift Deletion in CEL SR2

A heterozygous0basepar deletionin Exon 23 of
the CEL SR2 genethat resultsinaframeshift and pre-
meaturetruncation of theprotein XX aminoacidsdown-
Sream to codon 2397 (p.Phe2397SarfsTerl9; ENST
000002713324) was detected in Teble 2. The obsarved
variant hasprevioudy been reportedin patientsaffect-
ed with Acute Coronary SyndromeAtrid Fbrillation
(disease), cardiovascular disease, Cardiovascular
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Diseases, congenital heart defects, Coronary Ar-
teriosclerosis, Coronary Artery Disease, coro-
nary heart disease, heart failure, LDL -cholester-
ol levels, associationwith Myocardia Infarction
diseese(OMIM 604265) andliesinthe PFO0002:7
transmembrane receptor (Secretin family) do-
main of the CEL SR2 protein (PF00002).

Alterationsin APOB Gene

Apolipoprotein B (ApoB) and Apolipoprotein
A1l are among the emerging markersfor acute
coronary syndrome (ACS), dterations or ele-
vated in triglyceride levels are associated with
increased cardiovascular risk (Jamesand A ppunni
2019; Nguyenet d. 2013). A heterozygousframe-
shift deletion in Exon 26 of the APOB geneon
chr.2 isidentified, the observed variant has not
been reported in the 1000 genomes, gnomAD
(v3.1), gnomdAD (v2), topmed, and ClinVar da
tabases (Table 3). Hypercholesterolemia, famil-
id, 2(OMIM 144010) Hypaobetdipoproteinemia
(OMIM 615558) is caused by mutations in
the APOB gene(OMIM 107730). Acute Chest
Syndrome, Acute Coronary Syndrome, andAcute
Myocardid Infarction are seen due to altered
APOB levelsand dteredtriglyceridelevels.

Novel Frameshift M utationin MRPS6

Interestingly, theresearchersidentified aNov-
el frameshift mutation in MRPS6 (mitochon-
drial ribosomal protein S6) on exon3 of chr.21
showing ¢.189dd T, which is not previoudy
reported in any of theonline available databases
(Table3). Earlier sudiessuggest that aC>T sub-
gtitution on chromaosome 21 shows nuclectide
variability andisassociated with early-onset M|
(Zahger et d. 2024). Genome-wide association
studies and meta-anaysis of 14 genome-wide
association studies confirmed T asarisk dlele,
however, the mechanism remains unknown
(Kathiresanet d. 2009; Schunkertet et d. 2011).

Variantsof Uncertain Significance (VUS)

Theseared soknownto beunclassfied vari-
antswhere exactly their implicationsin disease
causing conditionsarenot clear. Mutationsinthe
regionsof MIA3, WDR12, and PHACTR1 have
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beenidentified through genetic testing, butitis
not clear how they affect aperson’shedth or function
and aremostly considered VUSin nature.

MIA3ismostly involvedin early proteintermi-
nation, a homozygous Nonsense variant in the
MIA3 geneis anaysed on NGS datain Exon 13
chrl that results in the early protein termination
€.C1216T, and thisisnot reported in any available
clinical databases(Table3). Thevariant hasprevi-
ously been reported in patients affected with
CAD.CVD andinvolvedin cholesterol metabolism
causing arterial plaguesby thinning thewallsof cor-
onary arteries(Szpakowicz et d. 2015). Anaminoadid
substitution of Serine for Alanine a codon 384
(p.Ala384Ser; ENST00000261015.5) wasdetected in
BExon120of the WDR12 gene(chr2:g.202882755C>A)
(Table 3). The observed variant has previoudy been
reported in patients affected with Cardiomyopathy,
Dilated Coronary Arteriosclerosis, Coronary Artery
Disease, and myocardid infarction primarily by in-
creasing plaque vulnerability and narrowing of cor-
onary arteries, primarily due to the accumulation
of fatty depositswithin thearteria walls (Wang et
al. 2011; Zabazaet d. 2015). Two base pair dele-
tions (AG) were observedin Exon6 of PHACTR1
showing amino acid change asp.R386Efs 8, erlier
reportsreveal PHACTR1 hasbeen linked to early
onset of coronary artery disease and has a strong
incidence in multiple genome-wide association
studies (Moilanen et d. 2015; Rezvan 2023). The
percentage of incidenceof thisvariantiscompara
tively very low and observed only with one case
from 47 samples sequenced.

CONCLUSION

Mutations in genes CELSR2, MRPS6, and
APOB show clear involvement in Ml and CVD
related disorders, showing molecular model stud-
ies as a definitive answer for risk assessment for
CAD/MI. VariantsidentifiedinM THFR, WDR12,
and MIA3 are considered as VUS but where the
association with coronary artery diseases is
through different mechanisms like as increasing
plague vulnerability and narrowing of coronary
arteries, accumulation of fatty depositswithin the
arterial wallsconcludeto theincidenceof MI. The
genetic screening of the targeted gene approach
will unravel the potentia of preventive medicine
using Genomic approaches.
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RECOMMENDATIONS

The gene polymorphisms from the six poten-
tial genesassociated with CV D pathogenesiscon-
clude that these variants have significant changes
inthe alelefrequency among the studied popula
tion. Further, for better management of CVD and
MI-rel ated disorders, preventive screening of these
mutations could be helpful for better and early di-
agnosis of this condition and the development of
polygenic risk scores towards cardiac disorders.
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