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Abstract

Cardiomyopathies are usually inherited
heart muscle disorders which mostly cause sud-
den death in young and adults. Early screening
and diagnosis in families with risk will enable
taking measures to prevent the sudden cardi-
ac death. Analysis of the genome Aggregation
Database (gnomAD), consisting of both whole
genome and whole Exome data from unrelated
individuals for variants in 58 genes implicated
in primary cardiomyopathies revealed several
insights. The gnomAD consisted of two hundred
and Eighty-three pathogenic variants report-
ed in ClinVar. Twenty-two of the variants were
present in South Asian population and ten of
them were exclusive to this population. Majority
of pathogenic variants were observed in hyper-
trophic cardiomyopathy related genes which is
the highly prevalent phenotype in India. Unan-
notated variants form ClinVar were predicted
for their pathogenicity using multiple predictive
tools specific for the variant types. Fewer pre-
dicted pathogenic variants in key genes like
MYBPC3, PKP2 and LMNA suggest, mutations
in these genes might be intolerant and hence
less represented in the gnomAD database.
Analysis of data resulted in identification of in-
flated numbers of pathogenic alleles for each of
the phenotypes. Analysis establishes the value

of population database in assessing the patho-
genic alleles. However higher number of patho-
genic variants than the phenotype prevalence
in the population suggests that some of these
variants might be less penetrant or might have
disease modifying effect in presence of other
pathogenic variants rather than being causative
of the phenotype. Availability of clinical phe-
notypes for these variants might also result in
better interpretation and conclusion on variant’s
pathogenicity.

Keywords: Primary Cardiomyopathy, Gene, Al-
lele frequency, Variants, Exome, Next genera-
tion sequencing

Introduction

Cardiomyopathiesare a group of con-
dition characterized by morphological abi
normalities of the heart affecting the cardiac
function. Based on the pathophysiological
features, primary cardiomyopathies are of
four major types hypertrophic (HCM), dilated
(DCM), restrictive (RC) and arrhythmogenic
right ventricular (ARVD) (1). Clinical manifes-
tation of cardiomyopathies can be evidenced
as a slow decline in the cardiac function, which
is expressed as fatigue, breathlessness, ex-
ercise intolerance, chest pain finally leading
to heart failure. Diagnosis is done by non-in-
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vasive methods like echocardiography for in-
formation on chamber dimension and function
and cardiac Magnetic Resonance Imaging for
analysis of myocardial tissue composition (2,
3). Asclinical symptoms range from asymp-
tomatic to sudden cardiac death, diagnostics
based on symptoms is of very little value in the
prognosis of the disease. 30-50% of cardio-
myopathies are inherited and even in case of
sporadic cases there is genetic factor involved.
Genes with distinct functions have been iden-
tified to be responsible for specific cardiomy-
opathy phenotypes. HCM is majorly due to
variants in sarcomere genes, ARVD is due to
desmosome genes. They are highly heteroge-
neous group of disorders. Presence of multiple
variants in one or more gene causing severe
phenotype (4) to variants in the same gene re-
sponsible for diverse phenotypes, phenotype
shows a wide spectrum.

Genome wide association (GWA) stud-
ies have successfully identified disease asso-
ciated loci susceptible for complex diseases in
Caucasian and European populations which
were extensively sequenced. Genetic and de-
mographic histories between different world
populations vary greatly leading to differences
in allele frequencies/presence of novel disease
alleles and also variable penetrance of alleles
(5). Due to these differences certain alleles
might predispose a population specifically to
disease susceptibility or resistance. Knowledge
and screening for such variants has a high prog-
nostic value. Large scale genome and exome
sequencing efforts worldwide like 1000 ge-
nome project, Exome Aggregation Consortium
(ExXAC) have catalogued the variants in different
populations and these databases have enabled
researchers to examine allele frequencies of
disease susceptibility gene/loci across different
populations. Presence of large number of rare
variants that are specific to ethnic populations
(Allele frequencies <0.5%) serve as a source for
discovery of new variants specific to phenotype
(6). Interpretation of the pathogenicity of the
rare variants is challenging due to unavailability

of sufficient functional evidence on deleterious
effect on protein structure and function. As per
ACMG guidelines, analysis of allele frequency
from population data is the first criterion to eval-
uate the pathogenicity of rare variant in patho-
logical labs (7) Variants that are rare and delete-
rious in highly sequenced Caucasian population
might be of common allele in populations that
have been underrepresented in sequencing
studies.

India which has served as a major corri-
dor for the human migration is inhabited by 20%
of the global population. Health burden due to
CVDs are very high in this region leading to
significant loss of productive years. Death and
disability rates in India due to cardiomyopathies
are higher than the global burden of the disease
estimates (8). High disease burden of CVDs is
partly attributed to high prevalence of endoga-
my. Isolated studies conducted on few Indian
samples have identified novel variants in the
Indian population (9) on MYH7 and MYBPC3;
(10) on MYBPC3. Screening by NGS method
will assist in early diagnosis before the clinical
symptoms. The current study aims at identifying
the mutationsby mining alleles in genes impli-
cated in cardiomyopathy that might predispose
the Indian population to high disease burden of
cardiomyopathy. To achieve this, we have made
use of publicly available data from Genome Ag-
gregation Database (gnomAD). Genome data
of 123,136 individuals sequenced for whole-
exome sequencing and 15,496 individuals
sequenced for whole-genome sequencing was
made available by gnomAD resource. The
database includes 15391 exomes sequenced
from South Asian population.

Materials and Methods
Preparation of Gene list

Genes reported to be associated with
primary cardiomyopathies were obtained from
databases Online Mendelian Inheritance in Man
(OMIM) (11), ClinVar (12) and atlas of cardiac
genetic variation (13). List from disease data-
bases OMIM and ClinVar were searched and
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filtered to obtain the subset of genes implicated
in primary cardiomyopathies- Hypertrophic, Di-
lated, Arrhythmogenic right ventricular, Restric-
tive and Left ventricular non-compaction. Post
manual curation of the list from literature survey

a list of fifty-eight genes was finalized for study.
Owing to the pleotropic nature of cardiomyopa-
thies, there were few genes implicated in more
than one cardiomyopathy phenotype.

Table 1: List of genes implicated in primary cardiomyopathy phenotypes studied from gnom AD

data base
Genes implictaed in Arrythmogenic right ventricular cardiomyopathy
CTNNA3 | Dsc2 | DpsG2 | bsP | Jup [ PkP2 [ RYR2 [ TGFB3 | TMEM43
Genes implictaed in Hypertrophic cardiomyopathy
ACTC1 ACTN2 CALR3 CAV3 | CSRP3 DTNA GLA ILK JPH2
LAMP2 MIB1 MYBPC3 MYH6 MYH7 MYL2 MYL3 | MYLK2 MYOZ2
PLPI\é|5(|3_E— PRDM16 | PRKAG2 | TNNC1 | TNNI3 [ TNNT2 TPM1 | TRIM63 TTR
Genes implictaed in Dilated cardiomyopathy

ABCC9 ANKRD1 BAG3 CRYAB CTF1 DES EYA4 FHL2 GATAD1
LAMA4 LDB3 LMNA MYPN NEXN | PDLIM3 | RAF1 RBM20 TCAP
TMPO TTN VCL TXNRD2

Dataset 17), Eigen (18), PolyPhen-2 (19), and Sorting

To estimate the mutational load of
cardiomyopathies, dataset used in this study
is from gnomAD database (gnomAD v2.1.1)
(14) consisting of 15708 whole genome and
125748 Exome data from unrelated individuals
sequenced as part of disease cohorts or popu-
lation studies from different parts of the world.
This is one of the most comprehensive dataset
representing different world populations.

Analysis

A computational analysis pipeline was
followed to predict the deleterious effects of
variants based on functional annotations as
well as annotations from different databases.
For genes that were included in the analysis,
chromosomal coordinates were obtained from
UCSC genome browser. Complete genomic re-
gions including the intronic regions were anal-
ysed. Along with the allele frequencies for seven
major populations (American, African, Europe-
an, Finland, East Asian, South Asian and Oth-
ers). Functional effect of variants was assessed
with several tools like REVEL (15), CADD (16,

Intolerant from Tolerant (SIFT) (20). These tools
predict the effect of variation on protein struc-
ture and function by taking into consideration
several parameters that include conservation of
the base in homologous sequences, conserva-
tive and non-conservative change in the amino
acid position, effect of modified amino acid on
structure and function of the protein. In order
to complement the limitation of these predic-
tor models, we used multiple prediction tools
to complement and identify variants with high-
er confidence. Few specific tools were used to
predict effect of variant in splice region, Splice
Al (21) as well as non-coding regions (Eigen).

Variant classification

Minor allele frequency cut off of 0.001
was considered based on recommendation for
dominant allele detection in case of Mendelian
disorders. This allele frequency cut off allows
inclusion of estimated prevalence of Hypertro-
phic cardiomyopathy which is the most preva-
lent among the primary cardiomyopathies under
this study. However, for other cardiomyopathies
where the disease prevalence is lower that is
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1in 1000 to 1 in 2500, variants with low pene-
trance might be possibly selected. Based on the
allele frequencies (MAF < 0.001) and annota-
tion from different tools, variants were classified
as Pathogenic and uncertain significance.Tools
used use different statistical models to predict
the effect of variants. Only Variants that had
high conservational score, predicted as damag-
ing or disease causing by all the tools for spe-
cific variant consequence (Missense or Splice
variant) are classified as Pathogenic to ensure
increased confidence.

Preparation of gene list involved in primary cardiomyopathy from
OMIM, ClinVarand Atlas of cardiac genetic variation

Extract SNVs from both exonic and intronicregions from gnomAD
database
Annotation of SNVs with dbSNP, ClinVardatabases

Varianteffect prediction for missense, synonymous, intronic,
synonymousvariants with CADD, REVELSIFT, Polyphen, PrDSM ,
Eigen and SpliceAl

Filtering of derleterious variants with allele frequency < 0.001 in
different populations

Fig. 1: Workflow followed in the analysis of
variants extracted from gnomAD database for
genes implicated in primary cardiomyopathy

Results and Discussion

Cardiomyopathy Variants distribution in
gnomAD database:

Querying of gnomAD database with
fifty-eight genes implicated in primary cardio-
myopathies resulted in 76662 variants that in-
cluded exonic, intronic, exon flanking regions
and untranslated regions in these genes, 593
variants were stop gained variants, 748 were
frame shift and 25614 were missense variants.
Distribution of Single nucleotide variants has
been summarized in table 2.

Table 2: Distribution of single nucleotide vari-
ants in 58 primary cardiomyopathy genes

Variants in gno-
Data set mAD 9
Cardiomyopathy genes as- 58
sessed in the study
Exonic+Intronic variants 76662

Exonic 42446
Upstream gene variant 574
Downstream Gene variant 2273

5 UTR 562
3'UTR 982
Mis-sense variants 26470
Loss of function variants
(Frameshift, splice site, Stop 2415
gained or lost)
ClinVar annotated 27551
ClinVar Pathogenic/Likely
Pathogenic 283

Variant analysis based on ClinVar and cus-
tom annotations:

gnomAD database consisted of 27551
variants annotated in ClinVar. Query for Likely/
pathogenic variants found in gnomAD data-
base (Ascertained for pathogenicity) identified
283variants. MYBPC3 (48 variants), MYH7 (37)
and PKP2 (38) genes carried highest number of
pathogenic variants. PKP2 gene had maximum
number of stop gain (16/51) variants.

Analysis of variants annotated as
pathogenic and present at an allele frequency
of >0.001 resulted in only 1 variant each in East
Asian and African populations(EAS-rs77856833
and AFR rs76992529). There were no alleles
at higher allele frequencies found in SAS pop-
ulation. It was noted while pathogenic variants
were shared between the populations few vari-
ants were exclusively present in each of these
population. 22 pathogenic variants were found
only in SAS population.Ten of these variants
have been associated with HCM phenotype
which is a most frequently seen phenotype in In-
dian population. Nine pathogenic variants were
associated with ARVD phenotype.

Probing of individual population allele
frequency information resulted in identification
of comparable number of each class of variants
across populations. Data is presented in Fig 2:
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Fig 2: Variant allele distribution across major
world populations predicted as damaging effect.
Allele frequency cutoff of 0.001 was considered.
Custom annotation with multiple tools like SIFT,
POIlyPhen, REVEL, CADD, Eigen, Phylop were
applied to classify variants as damaging.

Few genes like MYBPC3 on chromo-
some 11, MYH7 on chromosome 14, PKP2
on chromosome 12 and LAMA4, DES, LMNA
on chromosome 1 were found to be enriched
with clinically significant pathogenic variants
across all seven populations. A Variants with al-
lele frequencies > 0.001 were unique in each
population. Only a single variant in MYH6

gene with dbSNP ID rs267606904 found to be
shared between East Asian and Finland popu-
lation at higher frequencies. (0.00130477 and
0.00161678 respectively).

Variant allele distribution in SAS popula-
tion:

Extraction of variants present in south Asian
population in fifty-eight primary cardiomyopa-
thy genes yielded 22514 variants. We found
48pathogenic/likely pathogenic alleles (as an-
notated in ClinVar) present in South Asian pop-
ulations. South Asian population shares 17%
of the variants with other populations and 8%
of the variants are exclusive. Investigating the
variants with allele frequencies >0.001 in south
Asian population identified 101 exclusive vari-
ants (1671 shared across populations).

Variants with allele frequency less than
0.001 resulted in 9840 records. As these are too
large number of low frequency variants, analy-
sis was further performed on subsets of genes
specific to phenotypes for better interpretation.

ARVD

O ClinVar pathogenic
oMissense
O Frame shift
OSpiice donor/acceptor variants,
509 O Stop gained
Ointrenic varant
OPredicted pathogenic variants

Fig. 3: Variants across HCM, DCM and ARVD phenotypes exclusively present in SAS population

ARVD associated allele distribution in SAS
population:

gnomAD database was queried for vari-
ants in key ARVD genes (PKP2, DSP, DSG2,
JUP, DSC2). along with the genes RYR2,
TMEM43, CTNNA3 and TGFB3 which are re-
ported to carry causative pathogenic variant
in <1% of cases. Of the 15 pathogenic/likely
pathogenic variants as annotated by ClinVar,
10 variants are exclusively found in south Asian

population. Variants are present in key ARVD
genes PKP2, DSP, DSG2, DSC2.

Our query for Variants exclusive to
SAS population, with allele frequency >0.001
did not return any variants. Query for < 0.001
and non-pathogenic by clinvar resulted in 745
missense variants (411 in 5 key genes). As per
multiple prediction tools 34 of these variants as
damaging. Two of the variants in CTNNA3 were
eliminated as they were present as homozy-
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gous alleles. Variant in CTNNAS3 (c.1007 C>A)
(p-R336L) was found be present in 27 individ-
uals and in one individual as homozygous al-
lele. It would be most probably benign allele in
the population.A variant in PKP2 (c. 713 G>A)
(p.P238L) and in TMEM43 (C.1085 T>G) (P.
L362R) were also found in large number of indi-
viduals. Post filtering of high frequency variants
30 variants were retained that were carried by
36 individuals. Both PKP2 and JUP identified
seven missense variants that are predicted as
damaging. As JUP can contribute to disease

phenotype only in presence of digenic heterozy-
gous status and there is no way we can assess
that status from gnomAD data, variants in JUP
cannot be assessed further. Analysis also iden-
tified 18 splice site variants that are predicted
as pathogenic. Based on the disease frequency
of ARVD (1 in 2500) in a population we would
expect to see less than 10 pathogenic variants
in 15391 individuals. This high number of pre-
dicted pathogenic variants suggests that some
of them are common alleles. Data is presented
in supplementary document ARVD variants.

Table 3: Annotated as Pathogenic Variants in ClinVar for genes implicated in ARVD phenotype

exclusive to South Asian population

OMIM
14 0 w — -
nG:n’:Z z o g 5 INTERI- Clj’:r?fe ENSP HGVSc HGVSp
TANCE | @
NM_004572.3 NP_004563.2:p.
PKP2 | 12| 32955433 | G A | AD stop_gained | NP_004563.2 | :c.2203C>T Arg735Ter
missense_ NM_004572.3 NP_004563.2:p.
PKP2 | 12| 33021869 | G A | AD variant NP_004563.2 | :c.1162C>T Arg388Trp
splice_do- NM_004572.3
PKP2 | 12| 33030779 |C T |AD nor_variant NP_004563.2 | :c.1034+1G>A --
NP_004563.2:p.
frameshift_ NM_004572.3 Val308Cysf-
PKP2 | 12| 33030892 |C CA | AD variant NP_004563.2 | :c.921dupT sTer28
frameshift_ NM_001943.3 NP_001934.2:p.
DSG2 | 18| 29099774 | CA | C | AD, Het | variant NP_001934.2 | :c.91delA Thr31GinfsTer14
splice_do- NM_001943.3
DSG2 | 18| 29101207 | G T | AD, Het | nor_variant NP_001934.2 | :c.523+1G>T --
frameshift_ NM_001943.3 NP_001934.2:p.
DSG2 | 18| 29118820 | T TA | AD, Het | variant NP_001934.2 | :c.1759dupA Thr587AsnfsTer6
frameshift_ NM_004415.2; NP_004406.2:p.
DSP 6 7584981 | CTG | C | AD, AR | variant NP_004406.2 | c.7491_7492delTG | Cys2497Ter
NM_024422.3: | NP_077740.1:p.
DSC2 | 18| 28651612 | C T | AD,AR | stop_gained | NP_077740.1 | c.2084G>A Trp695Ter
missense_ NM_024422.3: NP_077740.1:p.
DSC2 | 18| 28667658 | A G | AD,AR | variant NP_077740.1 | c.749T>C Phe250Ser

HCM associated allele distribution in SAS

population:

gnoMAD database returned Twenty-six
ClinVar annotated pathogenic variants in ten
HCM genes (Twenty-seven genes probed). All
twenty-six variants are present in South Asian
population and is present in total of thirty-five
individuals. MYBPC3 and MYH7 that are im-

plicated as major HCM genes carried highest
number of pathogenic variants (eight in each
gene). Eight of the variants are exclusive for
South Asian population. Variant in MYBPC3,
a 25bp deletion in intron 32 (MYBPC3 Alnt32)
was at highest allele frequency (0.032067) and
nineteen individuals carried this allele in homo-
zygous status.
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Filtering of the entire HCM gene variants
with allele frequencies >0.001 and exclusively
present in South Asian population resulted in
33 variants. Two variants, MYH6 (C.1243 C>T)
p(G415R) and MYH7 (C.4399 G > C) p(L1467V)
are predicted as damaging by multiple prediction
tools. Analysis of the variants <0.001 returned
2779 variants. Search for missense alleles with
less than 0.001 frequency, exclusively present
in south Asian population and predicted as del-
eterious in multiple predictive tools resulted in
158 variants. These variants were carried by

272 individuals. MYH6 and MYH7 genes were
enriched for deleterious variants. Twenty-eight
stop gain variants are carried by 35 individuals.
Analysis also identified 30 splice variants pre-
dicted as highly pathogenic. Filtering of alleles
with frequency <0.0001 did not reduce the num-
ber of deleterious variants drastically leading to
a conclusion that all these variants might not be
pathogenic and might have lower penetrance.
Data is provided in supplementary information
(Supplementary sheet: HCM variants)

Table 4: Annotated as Pathogenic Variants in ClinVar for genes implicated in HCM phenotype ex-

clusive to South Asian population

14 -
Gene | & 8 i 5| Conse-  Ensp HGVSc HGVSp
name 3 o ¥ | < |quence
missense_ NM_002471.3 NP_002462.2:
MYH6 14 123866396 | T C | variant NP_002462.2 |:c.2033A>G p.Asn678Ser
missense NM_000257.2: NP_000248.2:
MYH7 14 123894990 (G C | variant NP_000248.2 | c.2200C>G p.GIn734Glu
missense_ NM_000257.2: NP_000248.2:
MYH7 14 123896032 | A T | variant NP_000248.2 | c.1998T>A p.His666GIn
splice_ac-
ceptor_ NM_000256.3:
MYBPC3 | 11 | 47364296 | C G | variant NP_000247.2 |c.1458-1G>C -
NP_000247.2:
frameshift_ NM_000256.3: p.Pro453Cysf-
MYBPC3 | 11 | 47364479 | AGG | A | variant NP_000247.2 |c.1357_1358delCC | sTer21
missense_ NM_000432.3: NP_000423.2:
MYL2 12 [ 111353525 | C G | variant NP_000423.2 | c.163G>C p.Ala55Pro
upstream_
gene_vari-
TNNI3 19 | 55665514 | G A | ant NP_003274.3 |0 -
NM_001178035.1:
CE- intron_vari- ¢.1029+6503
P85L,PLN |6 | 118880187 | TTC | T |ant NP_001171506.1 | 1029+6504delGA | --

DCM associated allele distribution in SAS
population:

Analysis of 22 genes implicated in DCM
returned 50 variants annotated as pathogenic in
ClinVar database. Of these seven variants were
present in south Asian population and four were
exclusive. Of the 38098 variants from all popu-
lations, 4977 variants were exclusively present

in the SAS population. Probing for variants with
allele frequencies >0.001 identified 48 variants
which are all benign variants. Filtering for allele
frequencies <0.001 and missense variants pre-
dicted as damaging by multiple prediction tools
returned 106 variants carried by 192 individuals.
1 variantingene DES(c.944 G>T) (p.R315L) was
found be homozygous allele hence might not be
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pathogenic. LAMA4 and DES genes had high-
est number of variants (13) predicted as damag-
ing. Two variants in TTN gene(Chr2:179505358
C>T and Chr2:179629539 C> A) and LDB3
(Chr10:88477720G>A) were assessed as high-
ly pathogenic splice acceptor gain variants.
One donor gain variant in TTN gene (Chr2:
179637835 C>T) was also assessed as patho-
genic. Analysis also identified acceptor loss and
donor loss splice variants that have been listed
in supplementary data DCM variants. Thirty-one

stop codon variants identified were predicted as
pathogenic by both Eigen and CADD tools.

LAMA4 and DES genes carried highest
number of pathogenic variants associated with
DCM phenotype. Of the unannotated variants
one hundred and sixty-seven missense variants
were predicted as highly damaging. Detailed ta-
bles are provided in supplementary information
(sheet: DCM variants)

Table 5: Annotated as Pathogenic Variants in ClinVar for genes implicated in DCM phenotype ex-

clusive to South Asian population

14 [72] TR -
Gene | o i |5| Conse ENSP HGVSc HGVSp
name | O [ [+4 < | quence
stop_ NM_004100.4:
EYA4 | 6 | 133703563 C T | gained NP_004091.3 | c.67C>T NP_004091.3:p.GIn23Ter
stop_ NM_001267550.1: NP_001254479.1:p.
TTN 2 | 179596570 G A | gained NP_001254479.1 | c.17032C>T Arg5678Ter
mis-
sense_ NM_001267550.1: NP_001254479.1:p.
TTN 2 | 179622344 C T | variant NP_001254479.1 | c.10603G>A Gly3535Arg
down-
stream_
gene_
TCAP | 17 | 37821623 | CAG | C | variant NP_006795.3 0 --

Advancements in next generation se-
quencing technologies have enabled large scale
exome and genome sequencing that in turn has
identified large number of novel variants. Clini-
cal interpretation of these variants is still a chal-
lenge. Information on variant allele distribution
in different ethnic groups and cohorts are of
great help to assess the causal effect of a vari-
ant.gnomAD contains largest number of dataset
from different world populations. We used this
data set to study cardiomyopathy allele distribu-
tion in different populations and also specifically
in South Asian population. Few studies earlier
have analysed the gnomAD database to un-
derstand the disease allele distribution across
populations (23,24).We analysed this dataset
to get an insight on reported and novel disease
allele distribution in gnomAD database specific
to South Asian population that has not been ad-

dressed earlier.

Analysis of the dataset and comparison
of pathogenic allele distribution as annotated by
ClinVar database across major populations re-
vealed shared between as well as unique vari-
ants to each population. There is no pathogenic
variant shared by all the populations under the
study. Few variants are shared between 2 or
more population. Every population in the study
showed unique pathogenic variants(Soth Asian
-22, American-29, East Asian 21, African-19,
Finland-11, Non Finland European-119 and in
others-3 variants). This further established the
importance of analysis of disease allele distri-
bution specific to ethnic populations from large
databases.

Addition of custom annotation on
pathogenicity for unannotated variants by type
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specific computational tools enabled better in-
terpretation of the variants. Stringency in selec-
tion reduced the number of predicted pathogen-
ic variants for each class of variant. Few specific
variants with high allele frequencies (>0.001)
might also have modifying effect rather than
contributing primarily to the disease phenotype.
Considering the allele frequencies of <0.001
allowed inclusion of such variants. For each of
the cardiomyopathy phenotype enrichment of
pathogenic alleles were observed in the impli-
cated genes. In case of ARVD, JUP had equiv-
alent pathogenic missense alleles as compared
to PKP2, the key gene. PKP2 was not enriched
for pathogenic alleles from gnomAD database.
Similar observations were recorded in HCM
gene MYBPC3, DCM gene LMNA. This finding
could suggest intolerance for the deleterious
variants in primary or key genes compared to
other genes.

Disease allele frequency distribution
calculation estimated it as 1 individual in every
402 as carrying pathogenic allele as annotated
by ClinVar. (with a MAF of <0.001). This frequen-
cy is very closer to prevalence of HCM pheno-
type (1 in 500) most frequent phenotype in the
population. However, assessing the frequencies
for ARVD and DCM independently resulted in
higher estimations(1 in 1177 for ARVC and 1 in
1391 for DCM). This suggests slightly higher
representation of clinVar annotated pathogenic
alleles in gnomAD database.

Analysis through computational predic-
tive tools identified large number of variants as
disease causing in-spite of stringent MAF cut-
off and filtering criterion. The estimated disease
prevalence was far higher than the reported
numbers. This might indicate either higher rep-
resentation of pathogenic alleles in the database
or need to reassess the disease prevalence in
the population. Findings might also suggest that
may be not all variants predicted as damaging,
they might be bystanders or contribute primarily
to phenotype but might have a modifying effect
or they may be less penetrant.

Pleiotropy of certain genes like TTN (HCM and
DCM phenotypes) and PKP2 (ARVD and chan-
nelopathy) makes it challenging to analyse them
under a specific phenotype and estimate dis-
ease allele frequency for that phenotype. Few
time less penetrant variants might also be con-
tributing to disease modifying effect and might
contribute to unique phenotype. This finding
also emphasizes on the importance of clinical
phenotype correlation with the genetic variants.

gnomAD database though is a collec-
tion of human data from diverse population, an
absence of allele in the database might not nec-
essarily make the variant pathogenic. Unavail-
ability of the phenotype makes it challenging
to interpret the data. European population has
huge entries whereas South Asian and East
Asian populations are highly under represented.

Even with the above limitations, this
study provides the evidence for using the gno-
mAD database by combining allele frequency,
ClinVar annotation as well as computational
annotations to obtain an insight on probable
pathogenic variants in the South Asian popula-
tion. Addition of clinical phenotype information
to the predicted disease variants will help in bet-
ter association of genotype-phenotype correla-
tion and would increase the reliability of such
analysis.
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