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ABSTRACT
Introduction: Whole-exome sequencing (WES), a high-throughputDNA sequencingmethod, has
swiftly gained traction as a scalable approach for detecting novel de novo mutations and gen-
erating molecular diagnoses for genetic illnesses. Case presentation: We describe a neonate
girl with a novel de novo desmin (DES) variant. The patient was referred to our Department of
Cardiology right after birth for multiple clinical cardiac and pulmonary presentations. Her family
history was negative for cardiovascular diseases while her echocardiographic diagnosis indicated
macrocardia, arrhythmia, ventricular septal defect (VSD) in association with tricuspid regurgitation.
Electrocardiography showed prolonged QTc interval, premature atrial contractions following pul-
monary arterial hypertension. The patient had a surgical VSD closure at the age of seven months.
The healthy infant was fit enough to be discharged six weeks later. Whole-exome sequencing
identified a novel de novo heterozygous frameshift deletion mutation p.E246VfsTer4 in DES gene.
Among the variants detected, mutation in DES was predicted to be the only pathogenic one, caus-
ing desminopathy phenotype for the patient. Conclusion: This report strengthens the genetic
aetiology for desminopathy and highlights the need for screening an intriguing candidate, those
who have the DES gene in congenital cardiovascular probands.
Key words: cardiomyopathy, cardiovascular, desmin, desminopathy, mutation, whole-exome
sequencing

INTRODUCTION
Desminopathy refers to the genetically and pheno-
typically heterogeneous group of myofibrillar my-
opathies (MFM) causedmainly by desmin gene (DES)
mutations1,2. Mutations of DES causes progres-
sive myopathies, cardiomyopathies, cardiac conduc-
tion defects, arrhythmias, pulmonary and miscella-
neous disease manifestations3–5. Desminopathy has
a complicated aetiology, including both hereditary
or sporadic myopathies causes1. In addition, the
mode of inheritance can be AD or AR 1,6. Currently,
mutations have been identified in every single do-
main of DES1,7. Even though mutations are iden-
tical or located adjacent to one other, DES muta-
tions are pleiotropic, creating numerous distinct phe-
notypes6,7. For cardiomyopathies, DES mutations
can lead to dilated cardiomyopathy (DCM)8, hy-
pertrophic cardiomyopathy (HCM)9, restrictive car-
diomyopathy (RCM)10, arrhythmogenic cardiomy-
opathy (ACM)11 or left ventricular noncompaction
cardiomyopathy (LVNC)12. Because DES mutations
induce clinically symptomatic and asymptomatic
ECG abnormalities in cardiac illnesses, the genotype-
phenotype relationship is complicated, making pa-

tient management problematic1. Moreover, differ-
entDESmutations lead tomultiple phenotypeswithin
the same families6. Gene dosage effects caused by
heterozygous, homozygous, double heterozygous and
compound heterozygous mutations are also consid-
ered6. However, in some cases, heterozygous fam-
ily members did not develop a phenotype exclud-
ing haploinsufficiency as the main molecular mech-
anism13–15. In brief, the complexity of genetics,
epigenetics and phenotypic variability among the
desminopathies limit the ability to establish a diag-
nosis based solely on clinical features. Accordingly,
specific diagnoses and prognoses for desminopathy
patients greatly rely on novel and powerful high
throughput technologies and genome-wide associa-
tion studies.
Whole-exome sequencing (WES), a high-throughput
DNA sequencing technology, has quickly become a
scalable tool, generating a molecular diagnosis for
Mendelian genetic disorders16–18. Exome, a collec-
tion of all exons within the genome, comprises ap-
proximately 1%of the total genome and harbours 85%
of interpretable mutations that result in clinical phe-
notypes19,20. This 1% coding region has a less repet-
itive sequence than the noncoding ones. Identifying
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and sequencing of the exome is computationally and
analytically less intense, therefore16,17. WES has be-
come a powerful tool in identification of the causal
variant(s) for a disease of interest18.
This study herein reports on the family of a newborn
girl with multiple clinical cardiac and pulmonary pre-
sentations diagnosed with desminopathy as the pa-
tient carries a frameshift mutation p.E246VfsTer4 in
DES gene. The report strengthens the genetic aeti-
ology for desminopathy and highlights the need of
screening an intriguing candidate, the DES gene in
congenital cardiovascular probands.

CASE PRESENTATION
Material andmethods

Library preparation and whole-exome se-
quencing
Genomic DNA was isolated from white blood cells
using standard techniques (DNA Extraction Kit, Qi-
agen, Hilden, Germany). Adaptors and two paired-
end DNA libraries with insert sizes ranging from 100
to 900 bp were used to ligate DNA fragments. After
polymerase chain reaction (PCR) enrichment, DNA
libraries were produced for cardiac gene enrichment
re-sequencing on a NovaSeq 6000 Sequencing Sys-
tem (Illumina, San Diego, CA, USA). The patient was
screened for variants in 142 cardiomyopathy associ-
ated genes using the TruSeqTM Cardiomyopathy gene
panel, resulting in the 150-bp paired-end sequencing
reads with at least 100-fold average sequencing depth
for each sample.

Alignment andmapping
Low quality reads were discarded from raw data to
generate clean reads. Clean reads were aligned to the
reference human genome UCSCGenome Build hg19.
For reads alignment and base calling, Illumina auto-
mated workflowwas used: Burrows–Wheeler Aligner
(BWA), Genome Analysis Toolkit (GATK) and Se-
quence Alignment Map (SAM tools).

Variant annotation and filtering
For variant annotation, we used ANNOVAR andVEP
software programs. Variants were then compared
computationally with the list of reported pathogenic
variations from the Human Gene Mutation Database
(HGMD, professional version). We filtered extremely
rare variants located in exon- and consensus splice-
sequences (± 1 and 2 position) with a global minor
allele frequency (MAF) ≤ 0.0005. Variants that are
not in the HGMD, synonymous variants and intronic
variants that were more than 15 bp from exon bound-
aries were not considered.

Variant classification
We used the guidelines of the American College
of Medical Genetics and Genomics (ACMG) for
variant classification to assess dominant single gene
mutation with clear clinical impact on CMs (car-
diomyopathies). The Exome Aggregation Consor-
tium (ExAC) browser was used as a reference for al-
lele frequencies. A variety of prediction techniques
were used to evaluate the missense variant, includ-
ing ENTPRISE-X, MutationTaster, PROVEAN, and
SIFT. Multiple ortholog alignment with Alamut soft-
ware was used to determine the degree of conserva-
tion of the damaged residue. (Interactive Biosoftware,
Rouen, France).

Sanger sequencing
All variants of interest were confirmed with
Sanger sequencing. Primers of the identified
variants were designed using primer3. PCR
primer pair used to amplify products was DES-
F: 5’-TGGATGCAGCTACTCTAGCT-3’, DES-R:
5’-CAACTCACGGATCTCCTGTA-3’. Direct se-
quencing of the PCR products was performed on
an ABI3130XL sequencer (Applied Biosystems)
according to the manufacturer’s protocol.

Results

Index patient clinical information
A newborn baby girl with cardiomyopathy and ar-
rhythmia is the subject of this research. The baby, who
was born to healthy parents, is the second child of the
family. Her family history was negative for cardio-
vascular diseases (CVDs), and both parents as well as
her sibling were asymptomatic with arrhythmias, ex-
pressing normal ECGs (data not shown). The clini-
cal status was indicated by the patient family pedigree
(Figure 1A).
The foetal echocardiography at 26 weeks detected
signs of congenital heart disease (CHD) during the
prenatal period including: macrocardia and valvular
heart disease — showing tricuspid valve (TV) did not
close completely when the right ventricle contracted
— diagnosed with grade 2/4.
Through echocardiography, the foetal heart at 32
weeks showed cardiac defects including: arrhythmia,
cardiomegaly and ventricular septal defect (VSD) in
association with tricuspid regurgitation (TR).
On February 1, 2019, at 39 weeks of gestation, the
mother suffered from pre-eclampsia. A girl baby
weighing 3,000 grams was delivered by emergency
caesarean section in good condition.
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Figure 1: Patient clinical information. (A) Patient family pedigree showing clinical status. The proband (marked
by the arrow) with filled symbol represents affected individual and the parents as well as her sister with no signs
of CVD (empty symbols). (B) Electrocardiography with tall P wave showed arrhythmias. (C) Digital X-ray image of
anteroposterior view of chest showing cardiomegaly.

The neonate’s diagnosis at the time of hospital admis-
sion shows that the patient’s haemodynamically stable
state andher sinus rhythmwas present at a regular rate
of 120 beats per minute (bpm).
During hospitalization, the baby girl was well breast-
fed and gained weight gradually. By the ECG Holter
monitor, the heart rate had been identified to be in a
range between 130 and 160 bpm. However, electro-
cardiography showed a prolonged QTc interval rang-
ing from 470 to 520 ms. Tall P wave (Figure 1B)
showed arrythmias. Premature atrial contractions
(PACs) occurred occasionally. Moreover, echocar-
diographies showed a 4 mm midmuscular VSD with
a left-to-right shunt and TR grade 2/4. Pulmonary ar-
terial hypertension (PAH) was also put into the clin-
ical record as the pulmonary artery pressures (PAPs)
reached 60 mmHg. Digital X-ray image showed car-
diac enlargement (Figure 1C). Based on these clinical
examinations, the patient was closely watched on car-
diac shunt and TR progressions.
Four weeks later, on February 27, 2019, the infant
girl reached 3,200 grams. Echocardiographies identi-
fied a 4mmperimembranous VSD.The PAPs reached
65 mmHg. ECG recordings indicated a heart rate of
around 150 bpm and a prolonged QTc interval of 450
ms. As a result, cardiologists had established a strong

suspicion for LQTS type 2. The patient was thenmed-
icated with Viagra daily.
On May 14, 2019, the baby was still well breastfed
and reached 4,800 grams. The ECG Holter monitor
identified a heart rate of around 140 bpm and a pro-
longed QTc interval up to 480 ms. Echocardiogra-
phies showed a 5 mm VSD. The atrial septal defect
(ASD) size was 3.5 mm. The PAPs reached 70mmHg.
Based on these clinical results, the patient was contin-
ually administrated with Viagra and a surgical VSD
closure was indicated in July 2019.
On August 30, 2019, six weeks after the surgical
VSD closure, echocardiograms revealed a left ventric-
ular diameter of 26mm, PAPs of 50 mmHg, and car-
diac ejection fraction (EF) ranging from 51 to 60%.
The healthy infant weighed 6,500 grammes and was
deemed suitable to be discharged.

Identification of a novel heterozygous
desmin-genemutation

To prevent patients who have heart failure or arrhyth-
mias from sudden cardiac death (SCD), genetic test-
ing could help to increase the diagnostic accuracy as
well as facilitate clinical assessment and appropriate
therapy of the patient. We therefore performed WES
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Table 1: Pre-allignment statistics

Item Result

Total number of reads 49,878,538

Average read length (bp)
Total yield (Mbp)
Total read base (bp)
GC content (%)
Q20 (%)
Q30 (%)

151.0
7,532
7,531,659,238
49.37
97.71
93.73

Total yield: (total number of reads) x (average read length)
Total read bases: Total number of bases sequenced
Total number of reads: Total reads. For Illumina paired-end sequencing, this value refers to the sum of read 1 and read 2
Q20 (%): Ratio of bases that have phred quality score of over 20
Q30 (%): Ratio of bases that have phred quality score of over 30

Table 2: Statistic variants

No Gene Chr Exonic function HGVS.c HGVS.p

1 ABL1 9 Synonymous SNV c.C2787T p.G929G

2 AHCY 20 Synonymous SNV c.C393T p.D131D

3 APOB 2 Nonsynonymous SNV c.C1594T p.R532W

4 CDK13 7 Nonsynonymous SNV c.C1207T p.L403F

5 DES 2 Frameshift insertion c.733_734insAGGT p.E246VfsTer4

6 PSEN2 1 Synonymous SNV c.C315T p.T105T

7 SDHA 5 Nonsynonymous SNV c.A1106G p.Y369C

Chr: Chromosome
HGVS.c: Variant using HGVS notation (DNA level)
HGVS.p: If variant is coding, this field describes the variant using HGVS notation (protein level)
SNV: single nucleotide variation

of the newborn girl who was diagnosed with CVDs to
identify genetic variants of Vietnamese CM patients.
The genetic data of the subject are shown in Table 1 .
The Illumina sequencer yielded 49,878,538 reads with
average 151 base pairs (bp) in length and the GC con-
tent was 49.37%.
To further analyse the mutations and identify po-
tential genes, we narrowed down the potential can-
didates including 142 genes linked to cardiomyopa-
thy (CM). These genes were further filtered based on
the mapping quality MQ ≥ 40, prediction of protein
alteration, missense variants and absence from SNP
database of ADS. As a result, 7 variants in different
genes have been identified (Table 2).
Our results showed that WES identified a novel het-
erozygous frameshift insertion variant in the desmin
(DES) gene. The variant c.733_734insAGGT be-
longed near the end of exon 3, where a group of four
nucleotides insertion occurred: AGGT was added at
the position between 733 and 734 nucleotides in the
cDNA, leading to the replacement of glutamic acid
(Glu, E) by valine (Val, V) at the position 246 on

the DES protein. The E246 was the first amino acid
changed, the length of the shift frame is 4, includ-
ing the termination codon (Figure 2). p.E246V pro-
duces a substitution of an acidic amino acid by a hy-
drophobic one. The physico-chemical properties be-
tween Glu and Val are much different.
In this particular case, the only potentially pathogenic
variant found in our patient was p.E246VfsTer4 in
DES (Table 2). p.E246VfsTer4 is not listed in pub-
lic databases nor has it been identified in genotyp-
ing projects of general population comprising sev-
eral thousands of subjects (Exome Variant Server, Ex-
ome Aggregation Consortium). Pathogenicity (vari-
ant pathogenic effect) was rated based on the presence
of a previously associated or candidate gene. Given its
extremely low MAF, we conclude that p.E246VfsTer4
is a mutation.
Figure 2 A indicated that human mature DES is a
470 amino acid protein which comprises three major
domains: a variable non-α-helical amino-terminal
head, a conserved α-helical rod, and a non-α-helical
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Figure 2: The novel DES mutation. (A) Schematic representation of domain structure of desmin protein (DES).
DES, which is encoded byDES gene, is a 53,536-dalton protein of 470 amino acids. DES is amuscle-specific protein
composed of three major domains: an amino-terminal head, a carboxy-terminal tail and along central rod com-
prises 4 helices (1A, 1B, 2A and 2B) interrupted by 3 short non-helical linkers (L1, L12 and L2). Our novel mutation
(shown in red)appeared near the end of the 1B domain. (B) The novel p.E246VfsTer4 frame shift mutation leads to
the deletion of a long resting polypeptide chain at the C-terminus. The structures were generated using DOG 2.0.
(C) General model of human DES highlighting its most relevant features. Intermediate filament protein DES is a
central intracellular integrator of multiple cytoplasmic and nuclear components. Positions of known pathogenic
variants over the length of the canonical DES are shown in red and our novel mutation site is shown in yellow
circle. The cell membrane is in light orange. PTMs: post-translational modifications. The graph was generated
using Protter v1.0. (D) 3D-structures of part of DES model (position from amino acid 151 to 252). The positions of
codon 246 are circled in red. Themutated polypeptide chain deleted position (from codon 250) is markedwith an
asterisk. The structures were created using SWISS-MODEL (http://swissmodel.expasy.org).

carboxy-terminal tail21. The long central rod is inter-
rupted by 3 short non-helical linkers (L1, L12 and L2),
thus generating 4 helices (1A, 1B, 2A and 2B)6. Our
novel p.E246VfsTer4 mutation is located at the 1B he-
lical domain. Hence, the rest of the polypeptide chain
was deleted (Figure 2B).
We also figure out the in silico predicted impact
over the calmodulin protein, the 2015 American Col-
lege of Medical Genetics and Genomics criteria as
well as widely used software scores were considered.
Five protein function prediction bioinformatics tools
chosen were ENTPRISE-X, MutationTaster, Provean,
SIFT and VarSome. All of this software classified this
variant as likely pathogenic. Taken together, there is a
very high possibility that this mutation is pathogenic
and disease-causing in the patient.

To insist the possibility of themutation p.E246VfsTer4
causing CVDs in the proband, WES was also per-
formed in blood samples of the healthy parents (data
not shown). The parents were both asymptomatic
with no phenotypic abnormalities on the baseline
or stress test ECGs. Additionally, they both had a
normal resting heart rate in sinus rhythm and nor-
mal exercise-induced tachycardia (data not shown).
As our hypothesis, the mutation was not present in
the patient’s parents, suggesting that the mutation
p.E246VfsTer4 in DES was the cause of CVDs in the
infant and a de novo one. Consistent with the high
throughput sequencing, Sanger sequencing results of
the trio revealed that the patient carried a frameshift
mutation (Figure 3C) while her parents did not (Fig-
ure 3D-E).
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Figure 3: Revealing mutation in the DES gene. (A) PCR products of exon 3 of chromosome 2. (B) Nucleotide-
level sequenceby theBAMfile,which is theDNA reverse-complement counterpart showingapreviouslydescribed
mutation in the DES gene (detected by the NGS data). (C) The mutation was validated by Sanger sequencing.
(D) and (E) Sanger sequencing of DES in father’s sample (D) and mother’s one (E). (F) DES protein phylogenyre
presents evolutionary relationships among eukaryotes. The phylogenetic tree branch lengths are approximate
evolutionary distances. (G) Protein alignments showing the E246 location (red boxed) in the highly conserved
region and its conservation across species.

Last but not least, DES phylogeny represents evolu-
tionary relationships among eukaryotes (Figure 3F).
In addition, the novel mutation p.E246VfsTer4 af-
fected the highly conserved polypeptide region (Fig-
ure 3G), predicting a high pathogenic effect. Indeed,
this mutation started at a naturally conservative glu-
tamic acid at position 246, which is not changed when
compared the protein sequence encoded byDES gene
of human to those of other species (Figure 3G).

Discussion

In this studywe aimed to discover the genetic basis for
CVDswith overlapping features of other illnesses. On
a newborn index patient with CM, we tested the ef-
ficiency of a new comprehensive next-generation se-
quencing CM gene panel assay and found that it dis-
covered mutations with excellent sensitivity and pre-
cision. In complicated situations, the method helped
establish a diagnosis and altered diagnoses based only
on clinical features. The results showed that WES

identified a novel heterozygous frameshift deletion in
DES. This gene is located in a CM susceptibility re-
gion (chr2q35) and encodes muscle-specific protein
DES, the main component of intermediate filaments
that exert central role of myofibrils, the positioning of
cell organelles and signaling events6,7. Desmin mu-
tations are the most frequently encountered gene de-
fects in MFM1. Especially, various form of cardi-
ological signs presence combinationally in majority
of DES mutation carriers4. The morphological hall-
marks of desmin cardiomyopathies are DES-positive
protein aggregates, which can be found in subsar-
colemmal, intermyofibrillar and perinuclear regions,
leading to mitochondrial abnormalities, mis-shaped
myonuclei, myocyte hypertrophy, disarray of the my-
ocytes, focally lysed myofibrils and cytoplasmic vac-
uolar degeneration1,22,23. Consequently, DES mu-
tations cause multiple pathomechanisms leading to
death of cardiomyocytes and contributing accord-
ingly to disease progression7. Particularly, mutations
in the 1B segment of DES lead to the disruption of
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the filamentous network, resulting in severe clinical
presentations. A 9-year-old Caucasian child, whose
family history was negative for neuromuscular or car-
diac disorders, suffered from SCD after being in a
persistent vegetative state for 8 years. The 40-year-
old father carried a heterozygous single-nucleotide
insertion mutation occurring at codon 241 causes
a frame shift leading to serial amino acid replace-
ments: V242E, H243S, E244A and eventually a pre-
mature termination signal at codon 245. This patient
presented with distal myopathy, arrhythmia and ma-
lignant ventricular tachycardia because the mutation
induces collapse of a pre-existing desmin cytoskele-
ton, alters the subcellular distribution of mitochon-
dria and triggers mitochondrial dysfunction through
inhibition of complex I activity 24. A heterozygous
E245D missense mutation was found in a 9-year-old
French girl with palpitations and right bundle branch
block (RBBB). Her 33-year-old mother, who had the
same mutation, was diagnosed with skeletal mus-
cle involvement, third-degree atrioventricular block
(AVB), paced arrhythmias, and hypertrophic CM,
which necessitated pacemaker insertion25. A 52-
year-old male with distal muscle weakness in his legs
and arms, as well as distal muscle atrophy and cardiac
arrhythmia, had the identical mutation E245D.His
42-year-old brother developed restrictive CM at the
age of 20, required cardiac transplantation. Their car-
diac and skeletal muscle biopsy specimens revealed
granulofilamentous material and plaques containing
numerous proteins, foremost DES26.
Advances in WES showed that approximately 10% of
sporadic severe cases of CCDs are caused by de novo
mutations. Multiple studies suggested that de novo
mutations in DES lead to severe cardiac arrests in
childhood1,7. Age of disease onset and rate of pro-
gression depend on the type of inheritance and mu-
tation site27. Compound heterozygosity for two au-
tosomal recessive mutations A360P and N393I was
detected in three out of four siblings characterized
by childhood-onset aggressive course of cardiac and
skeletal myopathy while neither of these two muta-
tions was pathogenic in other family members. The
children developed complete atrioventricular con-
duction block requiring a permanent pacemaker at
2, 9 and 10 years of age. The three siblings showed
progressive muscle weakness and atrophy with swal-
lowing and breathing difficulties in their early twen-
ties. Several years later, the two older siblings died of
progressive fibrosis of the cardiac conduction system
and cardiomyopathy. The surviving one developed

congestive heart failure secondary to restrictive car-
diomyopathy. Their tissue examinations showed in-
tracytoplasmic accumulation of amorphous DES dis-
tributed subsarcolemmally 28. In another family with
A120D mutation, three out of four siblings died from
SCD as teenagers. The alive 34-year-old sister pre-
sented with atrial flutter, dilated atria and variable
atrioventricular conduction caused by some polymor-
phic premature ventricular contractions (PVCs). The
patient received an implantable cardioverter defibril-
lator. Her three cousins, all aged 13, also perished
suddenly. The lack of DES staining within the in-
tercalated disc and significant cytoplasmic aggrega-
tion development were discovered in ventricular tis-
sue slices29.
The genetic test results of these young patients
were suggestive of a hidden molecular diagnosis of
desminopathies. In addition, the correlation between
the patient’s symptoms and the known involvements
ofDES in the heart shows the effect of themutation on
protein function24–29. DES is predicted to have a high
pathogenic effect in CVDs since it is enriched at the
level of intercalated discs in cardiac muscle and acts
as a basis for a mechano-chemical signalling between
various compartments tomaintain a highly organized
dynamic muscle network 1.
Our findings strengthen the genetic aetiology for
desminopathies as well as CVDs during infancy.
Given that the 1B helical domain clusters vari-
ous desminopathy-causing mutations (including
frameshift, splice site, deletion and missense ones)
which express variety of different cardiomyopathies
with arrhythmias or conduction disorders, the func-
tional importance of the specific topological domain
seems to be intolerant to genetic variation1,2,6,30.
Therefore, as an intriguing candidate, DES gene must
be screened in congenital CVD probands because
a timely patient management may prevent disease
progressions.

CONCLUSIONS
Our study herein reports on the family of a newborn
girl with multiple clinical cardiac and pulmonary pre-
sentations diagnosed with desminopathy as the pa-
tient carries a frameshift mutation p.E246VfsTer4 in
DES gene. The report strengthens the genetic aeti-
ology for desminopathy and highlights the need of
screening an intriguing candidate, the DES gene in
congenital cardiovascular probands.

ABBREVIATIONS
CVD: cardiovascular disease, NGS: next-generation
sequencing, SCD: sudden cardiac death,WES: whole
exome sequencing
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