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ARTICLE INFO ABSTRACT

Keywords:

In most cases, sudden unexplained death (SUD) is caused by hereditary cardiac arrhythmias that standard

Sub forensic autopsy procedures cannot prove. For this reason, forensics analysis must apply other methodologies to

Cardiac Channelopathies
LQTs
NGS

uncover related factors. For example, postmortem molecular analysis (molecular autopsy) based on next-
generation sequencing represents a promising and effective tool for diagnosing SUD. This analysis allows sci-

entists to detect well-known, new, and rare pathogenic exonic variants or those with unknown significance that
could be related to the cause of sudden death. Using exome sequencing, we identified rare exon variants in
MYBPC3, KCND3, TTN, and ANKS3 in a fifteen-year-old male SUD case with negative toxicology analysis and
autopsy showing microscopic abnormality of heart fiber disarray. Our findings suggested that this case might be
associated with cardiac channelopathy long QT syndrome, type 2, as a potential causative factor.

1. Introduction

Cardiovascular diseases are one of the leading causes of sudden
cardiac death (SCD), with an estimated incidence of around 20% in
industrialized countries. Nowadays, it is becoming a public health
problem worldwide [1,2]. Uncovering inherited cardiomyopathies and
channelopathies is challenging in postmortem examinations. Neverthe-
less, they are known to be causally linked to sudden unexplained death
(SUD). Cardiomyopathies such as hypertrophic, dilated, and arrhyth-
mogenic, can present with minimal structural changes in the heart in
SCD [3,4] and channelopathies are not associated with anatomical dif-
ferences but affect heart rate and cardiac electrical conduction, trig-
gering sudden cardiac arrest [3,5].

In recent years, genetic studies to establish the genetic basis of SCD
include the analysis of gene mutations from four main families of pro-
teins: sarcomeric (associated with hypertrophic cardiomyopathy) [6],
cytoskeletal (associated with dilated cardiomyopathy) [7], desmosomal

(associated with arrhythmogenic right ventricular dysplasia) [8] and ion
channels (associated with hereditary arrhythmias such as long and short
QT syndrome) [9,10], Brudaga syndrome (BrS) [11], Catecholaminergic
Polymorphic Ventricular Tachycardia (CPVT) [12], Early Repolarization
Syndrome and Idiopathic Ventricular Fibrillation (PRSyLVF) [13].
However, the genetic basis for SCD has not been fully deciphered,
leading to it being classified among conditions with complex inheritance
[14].

Additionally, SCD has become a public health problem given its high
incidence in young people worldwide [15]; therefore, its study is of the
utmost importance given its genetic heterogeneity and pleiotropy.

Standard protocols to determine the correct cause of death are 1.
analysis of antemortem clinical data, 2. an inspection of the scene where
the death occurred, 3. autopsy with dissection of the major organs
(brain, heart, lungs, liver, and kidneys) 4. toxicology assays, 5. micro-
biologic cultures, and 6. metabolic screening in newborns [16]. After
many efforts, the cause of death is still unsuccessful in some cases. As a
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result, those deaths are suggested to have a high probability of being
associated with channelopathy-type cardiac arrhythmias [17,18],
making the diagnosis problematic since they cannot be detected during
an autopsy. Besides, for further genetic counseling, an accurate post-
mortem identification of the disease-causing mutation could be used to
assess if there is a risk in other family members to the onset of SCD [19].

Channelopathies are known to be caused by mutations in ion chan-
nels. They present a Mendelian inheritance pattern and variable
expression with incomplete penetrance [20]. These discoveries have
changed how pathologists approach sudden death in autopsies. Molec-
ular diagnoses might become a practical methodology to enrich the
diagnosis of the causes of SCD [21,22]. Researchers are encouraged to
incorporate molecular tests to understand the breadth and depth of heart
disease.

Our findings are a specific example of the role and advantages of
using molecular analysis in cases of sudden unexplained death. It has
turned out to be very important for studying complex diseases such as
diabetes, cancer, and conditions of cardiac origin (channelopathies)
associated with SCD, among others [7]. For that, the development of
massively parallel or next-generation sequencing (NGS) allows the
analysis of a patient’s complete genome/exome sequence and, as a
result, permits the analysis of a bigger pool of genes. In this study,
clinical exome sequencing was applied to support the potential diagnosis
of SUD as the probable causative of the death of a fifteen-year-old male.
The teenager died in 2016, and his results were negative for toxicology
and virology. Furthermore, there were negative forensic autopsy results,
i.e., no structural heart damage. Finally, our approach enriched the
markers suggested to be associated with this SUD.

2. Materials and methods
2.1. Subject

A fifteen-year-old male showed microscopic abnormality of heart
fiber disarray and negative toxicological tests after an autopsy without
family records of heart disease. He died in the dormitory while sleeping.

2.2. Autopsy and pathology testing

A forensic scientist performed the autopsy. The heart, brain, liver,
kidney, lung, and other primary organ tissues were collected for histo-
pathological examination. Blood from the heart was collected for toxi-
cological analyses.

2.2.1. DNA sampling

DNA extraction was performed from blood taken from a male fifteen-
year-old who died in 2016, with the QIAamp®DNA Blood Midi/Maxi
kit, following the manufacturer’s recommendation. The blood was
stored and refrigerated in the Evidence Center of the National Institute
of Legal Medicine and Forensic Sciences of the Bogotd Regional
Directorate.

2.2.2. Construction of libraries and NGS sequencing

Sample library preparation was performed using the TruSight One
Sequencing Panel Series (Illumina), which includes 4834 clinically
relevant genes, using the Nextera XT Kit (Illumina). The libraries were
quantified using the Quantitating dsDNA kit in the Quantus™ Fluo-
rometer instrument and following the manufacturer’s recommenda-
tions. Subsequently, the libraries were sequenced as paired reads of 2 x
150 bp with the MiSeq kit (Illumina Inc., San Diego, CA. USA) using
MiSeq Reagent V3 (150 cycles), following the manufacturer’s
recommendations.

2.2.3. Bioinformatic analysis
The quality of the sequences was performed using the FASTQC [23]
and FASTP [24] software, the alignment algorithms BWA-Backtrack

Forensic Science International: Reports 6 (2022) 100300

(MiSeq Reporter-Illumina), Bowtie2 [25], BWA-MEM [26], GSNAP
[27] and NovoAlign [28], HaplotypeCaller-GATK-HC [29], Samtools
mpileup [30] and Freebayes [31] were used for variant calling. DNA
read alignment was performed against the reference genome
GRCH37/hg19.

2.2.4. Variant annotation

The annotation of the exome variants was carried out through the
integration of the SnpEff [32] and ANNOVAR [33,34] bioinformatic
tools that integrate the population databases: dbSNP [35], (the 1000
Genomes Project Consortium), NHLBI Exome Sequencing Project (ESP)
[36], database [37], and the gnomAD and exomAD databases (htt
p://gnomad.broadinstitute.org). Information related to the association
between human phenotype and causative genes was added from ClinVar
[38,39].

2.2.5. Pathogenicity association of variants

Twelve types of in silico predictive algorithms were included: SIFT
[40], PolyPhen-2 [41], MutationTaster [42], LRT [43], Mutation
Assesor [44], FATHMM (Functional Analysis Through Hidden Markov
Models) [45], MetaSVM [46], RadialSVM, LR, CADD, GERP+ + [47],
phyloP [48], SiPhy [49], to assess the pathogenicity of identified vari-
ants. Filtering considered exome variants with a MAF < 0.01. The norms
and guidelines for interpreting sequence variants suggested by the
American College of Medical Genetics and Genomics (ACMG) were
followed to classify the causality of each of the variants [50].

2.2.6. Prediction of SNP impact on protein stability

I-Mutant3.0 tools were used to predict the stability of a protein based
on the presence and.

type of microvariant, available at (http://gpcr.biocomp.unibo.it/
cgi/predictors/). For MuPro, structural analysis allowing calculation of
protein stability variations at arbitrary SNPs is available at (http://
mupro.proteomics. ics.uci.edu/).

The HOPE server was used to analyze the effect of the SNP on the 3D
structure of proteins and to calculate physicochemical properties. This
tool searches for 3D structures of proteins by collecting structural in-
formation from a series of sources, including calculations in the 3D co-
ordinates of the protein. UniProt base sequence annotations and
predictions from DAS services are available at http://www.cmbi.ru.nl/h
ope/.

Additionally, we analyzed protein-protein interaction and functional
networks to investigate the direct physical and functional relationships
between identified genes, using the (STRING) database available at
http://string.embl.de. The GeneMANIA server, available at http://
www.genemania.org/, was also used; it is an approach to recognizing
the protein’s function by integrating multiple genomics and proteomics
sources to make inferences about the role of unknown proteins. The
input was the keywords MYBkeywords3, TTN, ANK3, KCNH2, and
CTDSP2. The output was an image showing the biological network
interaction between those genes and their correlated genes.

3. Results
3.1. Case features

A male teenager, fifteen years old, passes away in his room while
sleeping. His toxicology results were negative for ethyl alcohol, cocaine,
derivatives, opiates, carboxyhemoglobin, and cyanide. The histopa-
thology report established the brain without specific alterations, a lung
with edema, and sections of the heart show foci of fiber disarray,
without fibrosis or inflammatory changes or lesions from a previous
infarction, and some myocytes with contraction bands indicating recent
ischemia. The forensic analysis and conclusion state: “In the absence of
other findings, concluding that death is due to cardiovascular causes is
not possible. It is considered that the cause of death is undetermined and
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probably natural.".

After recovering the necropsy findings, a genetic study was carried
out using NGS to determine whether the cause of death could probably
be a cardiac channelopathy.

From the molecular autopsy performed by next-generation
sequencing (NGS) on clinical exome analysis, a total of 8851 sequence
variants were identified. Bioinformatic filtering was performed with the
quality of the variants, population frequency, the information provided
by the various databases, and in silico prediction, and following the
recommendations of the ACMG/AMP group [51]. Table 1 shows the
relevant variants found during the study where the variants were
selected for further analysis according to the MAF < 0.1 calculated for
four different population sources EXAC, sources AD, gnomAD, and 1000
genome project. Five genetic variants were identified: C2992G, G1712A,
C49424A, G275C, and G6955A present in the MYBPC3, KCND3, TTN,
KCNH2, and ANK3 genes, respectively.

3.2. Functional prediction of pathogenic variant

Using in silico pathogenic predictors, pathogenic (D), probably
pathogenic (Pp), and benign (T) variants were determined. A cut-off
point of 20 was used for the CADD algorithm. Prediction of conserva-
tion of the sequence used a cut-off point greater than 4.4. Results are
shown in Table 2.

3.3. Protein stability prediction

Protein stability analysis was performed with I. Mutant 3.0 and
MUPro software. The change in free energy caused by the pathogenic
variant in the protein was calculated by I.Mutant. For MUPro, values <
0 mean stability decreases, and scores > 0 indicate increased protein
stability. The results of these predictions are shown in Table 3. MuPro
predictor results indicate reductions in stability for all the mutations.
Nevertheless, this trend changed in ANK3 and MYBPC3 when the pre-
dictor, the I-Mutator was used.

3.4. Server-based 3D structural modeling project hope

The MYBPC3 gene variant (rs11570112: NM_000256.3: Q998E) lies
in a UniProt domain as Ig-like C2-type 6 and introduces a glutamic acid
at this position. The mutant residue is positively charged, and the wild-
type residue is neutrally charged. The wild-type residue is highly
conserved, but other residue types have also been observed at this po-
sition. Neither the mutant nor any other kind of residue with similar
properties was observed in different homologous sequences at this po-
sition. Based on conservation scores, this pathogenic variant likely
damages the protein. In Fig. 1, a close-up of the pathogenic variant is
shown. Position 998 with the change Q by E is highlighted.

The KCND3 gene variant (rs186194682: NM_172198: R571H) in-
troduces histidine at this position. The mutant residue is minor and
neutrally charged, while the wild-type residue is positively charged. The
wild-type residue is highly conserved, but other residue types have also
been observed at this position. The mutant residue was not found among
different residues observed at this position in other homologous
proteins.

Table 1
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The TTN gene variant (rs541464855: NM_003319: P16475Q) is
within one domain, annotated in UniProt as Ig-120. The pathogenic
variant will cause the loss of hydrophobic interactions in the core of the
protein. The mutant residue is larger and less hydrophobic. In Fig. 2, a
close-up of the pathogenic variant is shown where the change P by Q is
highlighted in the 16,475 positions.

The ANK3 gene variant (rs140463162: NM_020987: D2319N) in-
troduces asparagine at this position. The mutant residue is charge
neutral, while the wild-type residue is negative; there is a loss of charge
from the wild-type residue. The mutant residue was not found among
the other residue types observed at this position in different homologous
sequences. No structural information was found on the HOPE server.

KCNH2 gene variant (NM_000238.4) (exon 2: ¢.G275C: R92P) in-
troduces proline at this position. The mutated residue is located on the
Surface of a domain with an unknown function. The mutant residue is
smaller, more hydrophobic than the wild type, and neutral in charge.
The wild-type residue forms a hydrogen bond with glutamine at position
84. It forms a salt bridge with glutamic acid at position 90. 3D modeling
is shown in Fig. 3, a close-up of the pathogenic variant. The pathogenic
variant introduces proline at this position. Position 92 with the change
of arginine to proline is highlighted.

3.5. Protein-protein interaction analysis

The Functional networks of the six proteins of interest were built by
STRING and covered some known functional networks. In Fig. 4, a hub
represents a cardiac channelopathy caused by the KCNH2 where other
network proteins converged. Interesting, the networks vertices corre-
spond gene associated with Voltage-gated Potassium channels, Phase 0 —
rapid depolarization, Phase 1 — inactivation of fast Na+ channels, Po-
tassium channel, voltage dependent, Kv3.1, Voltage gated Potassium
channels, Phase 3 - rapid repolarization, originating Long QT syndrome
2 and in addition to other related pathologies. Proteins have more in-
teractions with each other than expected from a random set of proteins
of the same size and degree of distribution drawn from the genome. Such
enrichment indicates that the proteins are partially biologically con-
nected as a group.

3.6. Gene-gene interaction

The analysis by GeneMANIA showed that MYBPC3, KCND3, TTN,
ANK3, and KCNH2 have many vital functions and interact with a
network of genes- Any alteration in one or more of them can alter the
gene interaction and cause an illness. The genes were co-expressed,
shared a similar protein domain, or contributed to similar functions,
as shown in Fig. 5.

4. Discussion

Of the 8851 variants identified by NGS on a clinical exome, five
relevant SNPs, in the MYBPC3, KCND3, TTN, ANK3, and KCNH2 genes,
were found after applying the different bioinformatic filters based on
recommendations from the ACMG/AMP group [51]. All five rare
potentially pathogenic exome variants were classified as poorly toler-
ated by at least two variant prediction algorithms. Therefore, it was

Variants selected for analysis according to population frequencies with a MAF < 0.1.

rsID Chr Gen Func. Ref Gene Genetic variant Change protein level zygosity MAF

ExAC exome_AD gnomAD 1000 g
rs11570112 chrll MYBPC3 exon27 ¢.C2992G p-Q998E het 0,0052 0,0072 0,0021 0,0061901
15186194682 chrl KCND3 exon7 c.G1712A p-R571H het 0,04701 0,04917 0,03232 0,00039936
1s541464855 chr2 TTN exonl54 ¢.C49424A p-P16475Q het Absent Absent 0,03236 0,00019968
. chr7 KCNH2 exon2 ¢.G275C p-R92P hom Absent Absent Absent Absent
15140463162 chr10 ANK3 exon37 ¢.G6955A p.D2319N het 0,0028 0,0033 0,0033 0,00139776
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Table 2
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Prediction of pathogenicity of SNPs in silico for SIFT, PolyPhen2, Mutation Taster, LRT, Mutation Assesor, FATHMM, MetaSVM, RadialSVM, LR, CADD, GERP+ +,
PhyloP, and SiPhy.

Gene AA change rsID SIFT Polyphen2 LRT Mutation Taster Mutation Assessor FATHMM RadialSVM
KCND3 R571H 15186194682 D Pp D Pp Medium D D
TTN P16475Q 1s541464855 D Pp . Pp High T D
KCNH2 R92P . T Pp T Pp Medium D D
ANK3 D2319N 15140463162 T Pp D Pp Medium T T
MYBPC Q998E 1511570112 D Pp . Pp Medium T T
Gene AA change rsID LR CADD GERP+ +RS phyloP SiPhy IMPACT
KCND3 R571H rs186194682 D 28.7 5.63 2814 19639 Moderate
TTN P16475Q 15541464855 D 12.28 5.56 2608 19497 Moderate
KCNH2 R92P . D 20.7 3.49 811 11994 High
ANK3 D2319N rs140463162 T 23.8 5.94 2816 20359 Moderate
MYBPC Q998E rs11570112 T 21.2 4.1 1311 14449 Moderate
Table 3
Protein stability of the SNPs by I-Mutant 3.0 and Mupro.
Gen SNP ID Change AA I-Mutant 3.0 RI DDG valor prediccion MuPro Prediction MuPro Score
Prediction
KCNH2 . R92P Decrease 6 -0.52 Decreases -0.5125869
ANK3 15140463162 D2319N Increase 2 -0.22 Decreases -0.60154872
TTN 15541464855 P16475Q Decrease 8 -1.29 Decreases -1.0325811
KCND3 15186194682 R571H Decrease 6 -1.20 Decreases -0.7320396
MYBPC3 rs11570112 Q998E Increase 4 -0.16 Decreases -0.73155586
DDG: free energy change value; RI: reliability index
NH>
O

OH

Wild-type residue

QOH

OH
HoN

Mutant residue

Fig. 1. Close-up of the pathogenic variant. The protein is shown in gray, and
the side chains of the wild type and mutant residues are shown and colored
green and red, respectively. MYBPC3 variant: rs11570112: Q998E, protein
position 998 change from glutamine to glutamic acid.

decided to perform further analyses. Predicted decrease or increase in
protein stability caused by the pathogenic variants was shown in
Table 3. Those results are consistent with the physicochemical charac-
teristics of each variant.

e MYBPC3: rs11570112 is a missense and splicing region variant
associated with primary dilated cardiomyopathy, hypertrophic car-
diomyopathy, left ventricular non-compaction cardiomyopathy,
primary familial hypertrophic cardiomyopathy, familial hypertro-
phic cardiomyopathy 4, cardiovascular phenotype, cardiomyopathy
dilated and dominant diabetic myopathy [52].

e KCND3: rs186194682 is a variant with a conflicting interpretation of
pathogenicity. The KCND3 gene (Potassium Voltage-Gated Channel

OH

IZ

OH
O HoN

O

Wild residue Mutant residue

Fig. 2. Close-up of the pathogenic variant. The protein is shown in gray, and
the side chains of the wild type and mutant residues are shown and colored
green and red, respectively. TTN variant: rs541464855: P16475Q, protein po-
sition 92 changed from proline to glutamine.

Subfamily D Member 3) is associated with diseases such as Brugada

syndrome, a cardiac channelopathy with high genetic heterogeneity

that has a high incidence of sudden death in patients with a struc-

turally normal heart [53].

TTN: rs541464855 is a missense variant. The TTN gene encodes the

sarcomere titin protein found in cardiac and skeletal muscle, and its

mutations are associated with hypertrophic and dilated cardiomy-

opathy and various skeletal muscle diseases [54].

e ANKS3: rs140463162 may participate in the maintenance/direction
of ion channels and cell adhesion molecules at the nodes of Ranvier
and initial axon segments. It regulates the activity of the KCNA1
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NH
H,N
pd
N OH
H
OH Q
HoN Mutant residue
O
Wild residue

Fig. 3. Close-up of the pathogenic variant. The protein is shown in gray, and
the side chains of the wild type and mutant residues are shown and colored
green and red, respectively. Variant (KCNH2: NM_000238.4: R92P), protein
position 92 changed from an arginine to a proline.

KCNIP1

KCNIP2

SPTBN4

Fig. 4. Functional interaction between MYBPC3, KCND3, TTN, ANK3, and
KCNH2 genes and related genes.

channel depending on the levels of Mg (2 +) in the diet and, there-
fore, contributes to the regulation of renal reabsorption of Mg (2 +).
ANKS3 (ANKG) is required for the localization of NaV1.5 and CaMKII
in the intercalated disc of cardiomyocytes [57]. A variant of the
SCN5A gene in the ANKG-binding motif of NaV1.5 has been associ-
ated with Brugada syndrome and arrhythmia [58]. This same variant
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is a loss-of-function variant when expressed in primary car-
diomyocytes. AnkG variants have been associated with Brugada
syndrome and, more recently, dilated cardiomyopathy [59].

e KCNH2 (exon 2: ¢.G275C: R92P): Analysis of this variant reveals that
the mutated residue is found in a MilD_Hotspot region for type 2 LQT
syndrome that contains highly lethal variants [60]. Variants in exon
7 of the KCNH2 gene have previously been reported to cause sudden
death [61], which is consistent with the structural effects of the
mutations in the protein. The mutation in this gene could be
responsible for the cause of death.

Since conformational changes are vital to the function of many
proteins, conformational flexibility and stiffness must be very well
balanced [62]. SNPs rs11570112, rs186194682, rs541464855,
rs140463162, and R92P were validated as highly conserved by the
HOPE algorithm, suggesting that they have deleterious effects on pro-
tein structure and therefore likely to be pathogenic. This is consistent
with the observation that harmful SNPs are more common in conserved
sites [63]. Furthermore, if mutated residues are found in internal do-
mains of a protein’s structure, incorrect folding may decrease protein
stability, leading to effects mimicking the presence of deleterious
nonsense variants [64].

The R92, P16475, R571, and Q998 residues, found in essential do-
mains for each protein structure, will cause a loss of hydrophobic
interaction and changes in size, which will not allow for correct mo-
lecular interactions, affecting the function of protein complexes [65].

Although functional and clinical studies are required for definitive
classification of deleterious variants, it can take a long time to obtain
data on all variants. Different approaches with a certain degree of reli-
ability predict highly dangerous SNPs [66]. The methods used in our
present study offer evidence of the applicability of these approaches to
infer variant pathogenicity.

Protein-protein interaction calculated with STRING (Fig. 4) showed
that KCNH2 has strong interactions with KCND3, ACTN2, MYBPC3, and
TTN. Furthermore, the variants found in the genes MYBPC3, TTN, and
ACTN2 have been associated with hypertrophic cardiomyopathy,
channelopathies such as the Brugada syndrome, and other arrhythmias
[67-69]. If they are simultaneously presented, those pathogenic variants
might be strong candidates to trigger sudden cardiac death. Although
ANK3 is not included in the network prediction, it is known that it is
associated with the NaV1.5 cardiac sodium channel of the SCNAS5 gene,
which is expressed in the ventricular intercalated disc and the mem-
branes of cardiomyocyte T tubules. As described, alterations in the
Navl.5 protein that block ANK3 binding and surface expression of
Navl.5 in cardiomyocytes can lead to the cardiac arrhythmia known as
Brudaga syndrome [67].

Finally, the gene interaction network built by GeneMANIA shown in
Fig. 5 shows a robust physical interaction and a relationship between
domains with some co-expressed genes. These findings might indicate
that alterations in the proteins of the genes KCNH2, KCND3, ACTN2,
MYBPC3, and TTN together could be potential factors associated with
sudden cardiac death. Our results recommend further molecular dy-
namics studies among these genes [68,69].

We claim that other experiments should be performed to assess if the
protein localization triggers SUD and other electrophysiologist assays.
While our survey shows that it is possible to detect variants with NGS of
exomes, functional analysis are required to determine their pathoge-
nicity using mice and other model organisms. Finally, the complexity of
the variants, such as their heterogeneity and the variable expression,
must also be considered in further analysis. In this context, substantial
challenges to complete the SUD diagnosis remain. Hence, our study
gives a set of candidates to further validate their pathogenic role in SUD.
Our screening demonstrates the potential that NGS technology has to be
applied to increase the number of markers to be analyzed in SUDs [69]
and forensic science [70,71].
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» Physical Interactions
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» Shared protein domains
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Fig. 5. Biological network of interaction between MYBPC3, KCND3, TTN, ANK3, and KCNH2 genes and other related genes, predicted by GeneMANIA.

5. Conclusion

We present a molecular autopsy supported by next-generation
sequencing of the clinical exome that includes 4834 clinically relevant
genes for a suspected case of SCD. Genetic analysis using NGS was
performed on the blood sample recovered during an autopsy to identify
the causal variants of the phenotype and the reason for sudden death.

The molecular analysis supported by NGS allowed us to identify
variants in the KCND3, CTDSP2, MYBP3, TTN, and ACTN2 genes
possibly related to SUD in a fifteen-year-old male. Additionally, the
homozygous variant in the KCNH2 gene associated with long QT syn-
drome type 2 suggests the patient’s death was due to a cardiac chan-
nelopathy. Our results support the diagnosis of this death as potentially
associated with SCD due to genetic variants detected that affect the
structure and function of the proteins and mild disarray found in the
individual’s cardiomyocyte fibers. Finally, to better assess the preva-
lence of these variants in sporadic SUD, molecular studies need to be
performed on a more significant number of cases.
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