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Abstract

Diseases of cardiovascular origin such as cardiomiopathies and canalopatias are the main causes of sudden cardiac death and in some cases are
difficult to diagnose during autoposy. We present an in silico analysis using bioinformatic tools, for the analysis of possibly pathogenic variants in
genes associated with sudden cardiac death. Algorithms were used to predict pathogenicity, predicting the impact of SNPs on proteins, genomic
specificity and protein-protein interaction. We found that variants in the KCNH2, ANK3, TTN, CAV3 and DSP genes cause structural alterations,

molecular, cellular and interstitial changes in the heart that can trigger sudden death.

Keywords: NGS ¢ Sudden cardiac death « MutPred2 « ShinyGO ¢ Protein analysis

Introduction

Cardiovascular diseases are one of the leading causes of sudden
cardiac death (SCD) [1]. Cardiomyopathies and canalalopathies are the most
frequent, with a hereditary component and difficulty in their detection during
medico-legal autopsies. Hereditary cardiomyopathies such as hypertrophic
cardiomyopathy, dilated cardiomyopathy and arrhythmogenic cardiomyopathy
are difficult to diagnose as they present minimal structural changes in the
heart [2,3]. Channelopathies are not associated with anatomical changes, but
affect heart rhythm and cardiac electrical conduction triggering sudden cardiac
arrest, which also hinder their postmortem diagnosis [2-4].

In recent years with the development of massive parallel sequencing or
next-generation sequencing (NGS), which allows sequencing the genome
and the complete exome of a patient, to analyze the totality of the genes
of an individual. This methodology has made it possible to identify a large
number of genetic variants. However, the validation of all of them through
electrophysiological functional studies can be costly and time-consuming. One
possible strategy to overcome this challenge is to evaluate each potentially
pathogenic variant using the bioinformatics approach [5,6].
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Different prediction algorithms and statistical models have been developed
to explore the association between genetic variants and diseases, considering
protein stability, sequence conservation, physical and chemical properties and
structural variations [7,8]. Structural analysis helps to develop hypotheses
about the possible impacts of substitutions and their possible links to disease
states. Amino acid changes can affect both the normal function of a protein
by changing the hydrogen bond network, pH dependence, disturbing ligand
binding and conformational dynamics, transductional modification [9,10].

Different studies have considered structural variations of proteins and
free energy changes when evaluating deregulatory effects [11-13], which have
demonstrated the effectiveness of predicting the possible influence of amino
acid changes on proteins [14].

Considering a group of genes from an NGS study of cases of indeterminate
deaths, possibly pathogenic variants were recovered and using structural and
functional analysis in silico aimed to describe possibly pathogenic variants
associated with sudden cardiac death, to improve predictions of pathogenicity.

Methodology

We selected 68 cases of deaths to be determined, without macro and
microscopic lesions during autopsy, with negative toxicology and virology.
Whole blood DNA extraction was performed using the QIAamp®DNA
Blood Midi/Maxi kit, following the manufacturer's recommendations. The
quantification of DNA and libraries was performed using the Quantitating
dsDNA kit using the Quantus™ Fluorometer instrument and following the
manufacturer's recommendations. 2 x 150 bp paired-end NGS sequencing
with MiSeq equipment (lllumina Inc., San Diego, CA. USA) using MiSeq
Reagent V3 (150 clycles), according to the protocol of the commercial house.

Data analysis
The alinators Bowtie2, BWA-MEM and NovoAlign was aligned to the
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reference human genome sequence (GRCh37) were used, to identify the
variaantes genomic analysis tools HaplotypeCaller (GATK-HC), Samtools
mpileup and Freebayes were used. The variants were annotated by SnpEff
and ANNOVAR, including predictive algorithms in silico SIFT, PolyPhen-2,
MutationTaster, LRT, Mutation Assesor, FATHMM (Functional Analysis through
Hidden Markov Models), MetaSVM, RadialSVM, LR, CADD, GERP++,
phyloP and SiPhy, to evaluate pathogenicity. Variant filtering by determining
minor allele frequency (MAF) and selecting variants for in silico analysis was
performed considering the recommendations of the American College of
Medical Genetics and Genomics (ACMG) [15-18].

Predicting SNP impact on protein stability

MutPred2: Machine learning-based method that integrates genetic
and molecular data to probabilistically infer the pathogenicity of amino acid
substitutions and their molecular mechanisms, by general pathogenicity
prediction and a ranked list of specific molecular alterations that may affect
the phenotype [19].

Genomic specificity analysis by ShinyGO

ShinyGO analyzes the genomic specificity of genes compared to the
whole genome. Four aspects are compared: number of exons, number of
transcription isoforms per gene, genome extension and length of 3-UTR
(untranslated region) [20]. Novel features of ShinyGO include graphical display
of enrichment results and gene characteristics and access to the application
program interface (API) to KEGG and STRING for retrieval of pathway
diagrams and protein-protein interaction networks. ShinyGO is a graphical
and intuitive web application that can help researchers gain actionable insights
from gene lists. Availability: http://ge-lab.org/go/. Gene Ontology (GO) is a
unique database that describes the characteristics and cellular localization of
each gene [21]. KEGG is a database containing a large number of known
metabolic pathways of genes [22].

Analysis of protein-protein interaction and functional
networks

Additionally, an analysis of protein-protein interaction and functional
networks was performed to investigate the direct physical and functional
relationships between identified genes, with the database (STRING) (http:/
string.embl.de) [23]. The STRING database provided a score for each gene-
gene interaction, calculated as the joint probability of the probabilities of the
different evidence channels (protein interaction, fusion, co-expression, etc.), an
approximate functional network was constructed on the basis of the expression
profile of the proteins identified in the present study.

Results and Discussion

With the pathogenicity prediction algorithms of the 72 variants detected, in
41.66% it was not possible to obtain pathogenicity prediction results by any of
the prediction algorithms used. Analysis with SIFT (26) variants was found to
be harmful; with Polyphen2 (28) harmful and (8) probably harmful; for Mutation
Taster (28) harmful. With reference to the other prediction algorithms there is
a discrepancy in the prediction of pathogenicity. For sequence conservation
prediction algorithms, it was found that for GEPP++RS with cut-off point
greater than 4.4, it was found that in 14 of the variants there is no sequence
conservation, for CADD with a cut-off point of 20, 12 harmful variants were
found.

Relevant protein variants that had a defined crystallography structure
were selected for further in silico studies that would allow us to understand
the molecular mechanism and better classify whether the variant may actually
become pathogenic.

Predicting the impact of SNPs on protein stability

Protein stability prediction analysis with MUPred2: MutPred2, allows
to know molecular mechanisms that can be altered by a variant in a protein
(Table 1). Cardiovascular remodeling is defined as a set of molecular, cellular
and interstitial changes that occur in the heart and vessels due to different
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injuries. Changes in size, geometry and function are the key events that
occur in the heart. Pathophysiology includes cell death, changes in energy
metabolism, inflammation, oxidative stress, alteration in the extracellular
matrix, neurohormonal activation and changes in ion transport [24].

Since the heart undergoes different physiological stimuli, its pathological
adaptation can lead to cardiomyopathies, cardiac dysfunction and ultimately
heart failure [25,26]. SUMOylation modifies protein-protein interactions,
enzyme activity, or chromatin binding in a multitude of key cellular processes,
acting as a highly dynamic molecular switch [27-29]. In the present study was
found loss of SUMOilacién in the protein gene KCNH2, which suggests that
this protein, along with loss of the helix and gain in the strand lose its functional
stability having a high probability of incidence in the presence of LQTS2.

Mutations in the KCNH2 gene cause LQTS2, is the second most common
cause of congenital LQTS and responsible for 35% to 45% of all genotyped
LQTS [30] and that 25% of cases of LQTS are not diagnosed, which makes
identification in family groups difficult and the determinants of variability in
disease severity are still largely unknown, because some members despite
having the mutation are asymptomatic [31].

In the heart, O-linked glycosylation is recognized as an important
mechanism involved in the regulation of many cellular processes, including
cellular metabolism, mitochondrial function, quality control and protein
turnover, autophagy and calcium management [13-32]. Glycation can alter
the function and stability of proteins and induce the synthesis of pathogenic
molecules that favor the appearance and progression of different diseases,
including cardiovascular diseases [33,34].

In the present study it was found that the variant in the ANK3 protein
produces an O-linked glycosylation gain, alters the transmembrane protein,
produces loss of sulfation in tyrosine and alters the interphase order, which
has a high probability of having harmful effects on the regulation of the heart.

The role of O-linked glycosylation in the regulation of cardiovascular
function is complex and that, like most studies, focuses on its role in
cardiovascular pathophysiology. On the other hand, as we begin to understand
more about the cellular functions regulated by O-linked glycosylation protein,
it is becoming increasingly clear that a more accurate concept would be that
O-linked glycosylation modification of cardiovascular proteins is a dynamic
process that is critical to maintaining normal cardiomyocyte function [35,36].
Likewise, in the TTN, CDSP2 and CAV3 proteins, it is also established loss
and or changes of the molecular mechanisms, which practically remodel
the functioning of the heart, which implies that these variants cause loss
in the stability of the protein, which can be the cause of the presence of
arrhythmogenic diseases.

N-terminal acetylation is a post-translational modification carried out
by N-terminal acetyltransferases (NAT) in nascent protein chains during
translation, involved in the maturation of post-translational proteins,
physicochemically affecting the N-terminal limb of most proteins [37]. The
loss of N-terminal acetylation and its previously unanticipated role in protein
biogenesis, globally remodels the proteome to create a unique phenotype
[38]. Therefore, pathogenic variants in DSP with loss of NAT could lead to
abnormal contractile function of cardiac cells, additional because this protein
is responsible for binding the cardiac desmosome with intermediate filaments.
Alterations in this biosynthesis could trigger arrhythmogenic cardiomyopathy
that is estimated to affect 0.02% to 0.1% of the population with an increased
risk of sudden cardiac death and heart failure [39,40].

GO enrichment analysis

Analysis of GO enrichment of AKAP9, ANK2, ANK3, ANKRD1, CACNAIC,
CACNB2, CASQ2, CAV3, CTNNA3, DSG2, DSP, KCND3, KCNE3, KCNH2,
KCNJ5, KCNQ1, MYBPC3, NOS1AP, PRDM16, RYR2, SCN10A, SCN4B,
SCN5A, SLMAP, SNTA1, TMEM43, TNNT2, TPM1, TRDN, TRPMP4 and TTN,
using ShinyGO.

It has been reported that the higher the hierarchical level of GO terms
in the tree structure, the more explicit the demonstrated biological function
(Jain S, Bader GD.2010). Therefore, only bio-enriched GO terms with a false
discovery rate (FDR) value less than 0.05 remained as remarkably enriched
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Table 1. Prediction of protein stability with MutPred2 for variants of KCNH2, ANK3, TTN, CTDSP2, CAV3 and DSP genes.

Molecular Mechanisms with P-values

ID Substitution ~ MutPred2 score <= 0.05 Probability P-value Affected PROSITE and ELM Motifs
NP_742053.1 Loss of Helix 0.80 53603 ELME000002, ELME000102
__KCNH2 ’ R92P 0.812 Gain of Stra.md 0.30 2.7TE-03 ELMEOOOZéS, PS00007 ’
Loss of SUMOylation at K93 0.21 0.03
Altered Ordered interface 0.25 0.02
Gain of O-linked glycosylation at T1491 0.24 9.6E-03 ELME000052, ELME000053,
ANK3 P1489S 0.594 Altered Transmembrane protein 0.15 0.01 ELME000063, ELME000106,
Gain of Proteolytic cleavage at R1486 0.14 0.02 ELME000173, ELME000336
Loss of Sulfation at Y1494 0.01 0.05
Altered Transmembrane protein 0.30 1.4e-04 ELMEO00052. ELME000062
TN P16475Q 0.755 A'terega?;iir:ﬁ;zfrface 822 882 ELMEQ00L17, ELME000136,
ELME000159, ELME000202
Loss of ADP-ribosylation at R16472 0.23 0.02
Altered Transmembrane protein 0.20 5.5E-03
TTN P1698L 0.845 - None
Altered Metal binding 0.19 0.02
Altered Stability 0.28 6.6e-03
Altered Transmembrane protein 0.16 0.01 ELME000052, ELME000063,
T P164TSQ 0.755 Loss of Disulfde linkage at C24664 0.12 004 ELMEO00070, ELMEO00182, PS00001
Gain of N-linked glycosylation at N24658 0.06 0.02
Altered Transmembrane protein 0.20 5.5E-03
TN P1698L 0.845 Altered Metal binding 0.19 0.02 None
Altered Stability 0.28 6.6e-03
TN 124660T 0.707 Altered .Tran.sme.:mbrane protein 0.16 0.01 ELME000052, ELME000063,
Loss of Disulfide linkage at C24664 0.12 0.04 ELMEO000070, ELME000182, PS00001
Gain of N-linked glycosylation at N24658 0.06 0.02
TTN P22367L 0.723 Gain of Phosphorylation at Y22368 0.26 0.03 ELMEO000080
Altered Stability 0.63 8.1e-04
CTDSP2 1106T 0.823 Altered Metal binding 0.29 3.4e-03 ELME000220, ELME000333, PS00006
Loss of Catalytic site at E110 0.19 0.01
Altered Ordered interface 0.35 2.5E-03 ELME000052, ELME000053,
CAV3 Y62C 0.702 Gain of Helix 0.28 0.02 ELME000063, ELME000080,
Altered Transmembrane protein 0.20 5.36-03 ELMEO000120, ELME000182
Altered Ordered interface 0.16 0.05
DSP N4K 0.586 - . ELME000285, PS00005
Loss of N-terminal acetylation of M1 0.02 6.2e-03

terms. Pathways with an FDR value less than 0.05 and containing at least 5
genes were considered significantly enriched.

The pathways with greater hiological enrichment highlighted in table 2,
nine pathways were found related to cardiac conduction, action potential
and membrane repolarization, caused by defects in the genes encoding ion
channels such as potassium, sodium and calcium or associated proteins that
alter the generation and transmission of the action potential that predispose
to fatal arrhythmias and sudden cardiac death, such as the DSG2, KCNH2,
DSP, KCNJ5, AKAP9, ANK2, CACNB2, KCND3, KCNE3, SCN4B, CTNNA3
and SCN5A genes involved in cardiac channelopathies [41,42] (Table 2).

In table 3 molecular enrichment, genes are involved in the formation and
regulation of different voltage-dependent ion channels, so any alteration in any
of the pathways in which they interact will be pathogenic (Table 3).

Infigure 1, using the chi-square test, the number of exons showed a p-value
(0.0023) when comparing SDRs with other genes in the genome. In addition,
the number of transcription isoforms per gene were significantly different from
the expected value with a value of p=0.051. These results indicated that our
identified SDRs may have strong transcription characteristics with other genes,
which may be involved in heart disease. For genome extension analysis, we
observed an extremely low p-value (0.00096), while for the 3-UTR length
comparison, we observed a p-value (0.52) and for 5-UTR p (0.76). There
is a strong association between these genes and therefore the presence of
possibly pathogenic variants present an increased risk of death due to cardiac
arrhythmias, cardiomyopathies and coronary heart disease. For example,
about 50% of ARVC cases are associated with mutations in genes encoding
desmosome and cell adhesion proteins necessary for mechano-electrical
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coupling in the heart [43].

In figure 2, you can see the great correlation that exists between the genes
studied, that all of them are not only interacting, but participate in many of the
biological processes that have to do with the heart. It has been previously
reported that the higher the hierarchical level of GO terms in the tree structure,
the more explicit the biological function [44]. The networks for the biological,
cellular and molecular components were constructed figure 3. The strong
interaction between the genes in each of the components is observed.

For the cellular component it is observed that there are two clusters of
interaction, one corresponding to the cellular processes of contact between
sarcolemma, contraction fibers, it could be said that everything that has with
the mechanism of cellular interaction at the physical level and in the other
cluster the genes that have to do with transport through ion channels and their
associated proteins. In the molecular component (c), it is observed in a large
cluster where all interactions are included at the level ce ion channels during
the action potential.

KEGG path maps are molecular interaction/reaction network diagrams
represented in terms of the KEGG orthology groups, (Figure 4). It shows the
enriched pathway diagrams and how the genes studied are interacting with the
other molecules Therefore, any variant in genes can cause the presence of the
same or different phenotype.

In this study, it was found enriched ARVC, presents several signaling
pathways that are involved in metabolism and cellular behavior presented
an enrichment, including calcium signaling pathway, oxytocin signaling
pathway, cyclic GMP signaling pathway (cGMP)-protein kinase G (pkg), cyclic
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Enrichment FDR
1256,943587
1256,943587

2.04292E-13

1.5183E-06
2.83816E-15

4969,229302
7357,844876
0,612051969
131619,8334
0,008218532

5.78813E-07

2.56466E-11

6.60817E-18

190236387,4

8.94148E-11
26186,2998
26186,2998

1.45932E-25

2.54198E-07

3.54913E-05

Enrichment FDR
2595314,67
3914323,131
3.63898E+13

5.02076E+13
2611015095
1.30897E+14
1.30897E+14
2.92133E+14
2.92133E+14

0,000865976

8709309595
1.71884E+14
3.36429E+14
1.95452E+14
3.49314E+14
3.49314E+14
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Table 2.

Fold Enrichment
3.70065E+14
3.70065E+14

3.58223E+14

3.48918E+14

3.1129E+14

2.90765E+14

2.71381E+14

2.59045E+14

2.50505E+14

2.41228E+14

2.39454E+14

2.38286E+14

2.34849E+14

2.22039E+14

2.17105E+14
2.14248E+14
2.14248E+14

2.09037E+13

2.08755E+14

2.03536E+14

Table 3.

Fold Enrichment
2.71381E+14
2.17105E+14
1.48026E+14

1.25253E+14
1.01768E+14
7.4013E+13
7.4013E+13
7.4013E+13
7.4013E+13

6.97837E+14

6.42744E+14
6.26264E+14
6.26264E+14
5.81531E+14
5.81531E+14
5.81531E+14

ShinyGO biological enrichment.

Pathway
AV node cell action potential
AV node cell to bundle of His cell signaling
Ventricular cardiac muscle cell membrane
repolarization
Reg. of ventricular cardiac muscle cell
membrane repolarization

Ventricular cardiac muscle cell action
potential

Membrane repolarization during ventricular
cardiac muscle cell action potential
Bundle of His cell to Purkinje myocyte
communication
Membrane depolarization during cardiac
muscle cell action potential

Reg. of ventricular cardiac muscle cell action

potential

Reg. of cardiac muscle cell action potential

Reg. of membrane repolarization

Reg. of heart rate by cardiac conduction

Cardiac muscle cell action potential involved

in contraction

SA node cell to atrial cardiac muscle cell
communication

Membrane repolarization

Atrial cardiac muscle cell action potential

Atrial cardiac muscle cell to AV node cell
signaling

Cardiac muscle cell action potential

Reg. of actin filament-based movement
Membrane depolarization during action
potential
ShinyGO molecular enrichment.

Pathway

Voltage-gated potassium channel activity involved in

ventricular cardiac muscle
Nitric-oxide synthase binding

Protein binding involved in heterotypic cell-cell
adhesion

Titin binding
Voltage-gated sodium channel activity
Inward rectifier potassium channel activity
Cytoskeletal anchor activity
High voltage-gated calcium channel activity
Structural molecule activity conferring elasticity

Transmembrane transporter binding

Sodium channel regulator activity
Protein kinase A regulatory subunit binding
Outward rectifier potassium channel activity

Spectrin binding
Myosin heavy chain binding
Protein kinase A catalytic subunit binding

Genes
CACNB2 SCN4B SCN5A SCN10A RYR2
CACNB2 SCN4B SCN5A SCN10A RYR2

KCNH2 SNTA1 KCNJ5 AKAP9 ANK2 KCND3

KCNE3 SCN4B CAV3 SCN5A NOSIAP

KCNH2 SNTA1 AKAP9 ANK2 KCNE3 SCN4B

CAV3 SCN5A NOS1AP
DSG2 KCNH2 DSP SNTA1 KCNJ5 ANK2

KCND3 KCNE3 CAV3 CTNNA3 SCN5A RYR2

NOS1AP
KCNH2 KCNJ5 KCND3 KCNE3 NOS1AP

DSG2 DSP CTNNA3 SCN5A SCN10A

ANK2 ANK3 SLMAP CACNB2 SCN4B CAV3

SCN5A
DSG2 DSP CTNNA3 RYR2

DSG2 DSP AKAP9 ANK2 CAV3 CTNNA3
RYR2 NOS1AP

KCNH2 SNTA1 CASQ2 AKAP9 ANK2 KCNE3

SCN4B CAV3 SCN5A NOS1AP
DSG2 KCNH2 DSP KCNJ5 AKAP9 ANK2

CACNB2 KCND3 KCNE3 SCN4B CTNNA3

SCN5A

DSG2 KCNH2 DSP SNTA1 KCNJ5 ANK2
CACNB2 KCND3 KCNE3 SCN4B CAV3
CTNNA3 SCN5A RYR2 NOS1AP

ANK2 SCN5A RYR2

KCNH2 SNTA1 CASQ2 KCNJ5 AKAP9 ANK2
KCND3 KCNE3 SCN4B CAV3 SCN5A NOS1AP

KCNJ5 ANK2 CACNB2 SCN5A RYR2
KCNJ5 ANK2 CACNB2 SCN5A RYR2
DSG2 KCNH2 DSP SNTA1 KCNJb5 AKAP9

ANK2 ANK3 SLMAP CACNB2 KCND3 KCNE3
SCN4B CAV3 CTNNA3 SCN5A SCN10A RYR2

NOS1AP

DSG2 DSP TNNT2 AKAP9 MYBPC3 ANK2

CAV3 CTNNA3 SCN5A RYR2

KCNH2 ANK2 ANK3 SLMAP CACNB2 SCN4B

CAV3 SCN5A SCN10A

Genes
KCNH2 KCNJ5 KCND3 KCNE3
SNTA1 CAV3 SCN5A NOS1AP
DSG2 DSP

MYBPC3 ANKRD1
SCN4B SCN5A SCN10A
KCNH2 KCNJ5
ANK2 ANK3
CACNB2
TIN

SNTAL AKAP9 ANK2 ANK3 KCND3 KCNE3
SCN4B CAV3 SCN5A SCN10A TRDN RYR2

SNTA1 SCN4B CAV3
AKAP9 RYR2
KCND3
ANK2 ANK3
MYBPC3
RYR2
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3.49314E+14 1 14 5.81531E+14 C3HC4-type RING finger domain binding KCNH2
3.65446E+14 1 15 5.42762E+14 Histone methyltransferase activity (H3-K9 specific) PRDM16
3.65446E+14 1 15 5.42762E+14 Muscle alpha-actinin binding TTN
1.2821E+13 3 46 5.30963E+14 Sodium channel activity SCN4B SCN5A SCN10A
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Figure 1. Comparison of AKAP9, ANK2, ANK3, ANKRD1, CACNA1C, CACNB2, CASQ2, CAV3, CTNNA3, DSG2, DSP, KCND3, KCNE3, KCNH2, KCNJ5, KCNQ1, MYBPC3,
NOS1AP, PRDM16, RYR2, SCN10A, SCN4B, SCN5A, SLMAP, SNTA1, TMEM43, TNNT2, TPM1, TRDN, TRPMP4 and TTN genes with the rest of the genes in the genome. Chi-
square and Student's t tests were run to see if the genes have special characteristics compared to all other genes: (a) Distribution of UTR lengths and (b) Distribution of the genes

studied, compared to the genome.

AMP (cAMP) signaling pathway, HIF-1 (hypoxic stress response) signaling
pathway, mitogen-activated protein kinase (MAPK) signaling pathway, which
is consistent with previous studies suggesting that these pathways have
important roles in SCD [45,46).

Protein-protein interaction analysis
The STRING functional networks of the proteins TRDN, TTN, CAV3,

Page 5 of 9

DSP, DSG2, TRPM4, AKAP9, ANK3, ANK2, CACNALC, MYBPC3, KCND3
and KCNH2, resulted in a functional network. What their proteins have more
interactions with each other than would be expected from a random set of
proteins of the same size and degree of distribution extracted from the genome.
Such enrichment indicates that the proteins are at least partially biologically
connected, as a group in Figure 5.

The network of these genes when grouped in this way indicates that their
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Figure 2. Enrichment of biological processes in terms of GO for AKAP9, ANK2, ANK3, ANKRD1, CACNA1LC, CACNB2, CASQ2, CAV3, CTNNAS3, DSG2, DSP, KCND3, KCNE3,
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color gradient represents the adjusted values and the differences in the size of the bubbles correlate with the enrichment factor and (b) Hierarchical clustering tree, related GO terms
are grouped according to the number of genes they share. Larger dots indicate more significant p-values.
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proteins have more interactions with each other than would be expected for a
random set of proteins of the same size and grade distribution extracted from
the genome. Such enrichment indicates that the proteins are at least partially
biologically connected, as a group.

Conclusion

Both pathogenicity prediction analysis and biological function enrichment
analysis allow us to determine that the variants of the group of genes analyzed
participate in several biological processes and that the dysfunction of these
genes can lead to the appearance of cardiovascular diseases that can lead
to sudden cardiac death. It is of utmost importance when pathogenic variants
are present, probably pathogenic and of uncertain significance, to use in silico
functional analyzes, to have a broader vision that allows a more accurate
diagnosis, given the genetic heterogeneity and phenotypic variability that
occurs in this type of diseases. The analysis of cosegregation with relatives
in cases of sudden death, is very difficult, this gap can be filled with functional
analysis in silico, pathogenicity prediction analysis, GO enrichment analysis
and the construction of protein-protein interaction networks, since these
allow to understand not only the contribution of genetic factors, but also the
molecular mechanisms underlying sudden cardiac death.

Limitations of the Study

The inability to functionally test all candidate variants, with cosegregation
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studies with relatives, to corroborate the pathogenicity results performed in
silico.

Ethical Considerations
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