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1   |   BACKGROUND

Myopathies are skeletal muscle disorders that commonly 
cause proximal muscle weakness.1 Duchenne muscular 
dystrophy is a severe form of muscular dystrophy caused by 
a mutation in the dystrophin gene (DMD; OMIM: 310200), 
and a milder form, Becker muscular dystrophy (BMD; 
OMIM: 300376), which are the most common types of 
dystrophies.2 Duchenne muscular dystrophy is one of the 
most common progressive neuromuscular diseases with 
inherited sex-linked inheritance that generally affects only 
boys, with an estimated incidence of 1/3600 male births 
worldwide, and females who are carriers have milder 
symptoms.3 The dystrophin gene is the largest described 
human gene, located at Xp21.2 and comprises 79 exons 
with more than 2.5 Mb span of DNA.4 This gene produces 
a protein located primarily in skeletal and cardiac muscle 

and small amounts in the brain.5 DMD is caused by differ-
ent mutations, containing a deletion of one or more exons 
is responsible for approximately 60%–70% of mutations, 
duplications are responsible for 5–10% of cases, small 
mutations (small deletions or insertions, missense, and 
nonsense mutations and splicing mutations) are almost 
responsible for 25%–35% of mutations, and approximately 
2% of the remaining mutations are due to intronic rear-
rangements.6 In healthy muscle, dystrophin protein plays 
an essential role in the stabilization of muscle fiber mem-
branes and the connection of the extracellular basement 
membrane with the intracellular cytoskeleton.7 In the ab-
sence of dystrophin, the permeability of the cell membrane 
increases, allowing intracellular creatine kinase and intra-
cellular calcium to enter the serum. Persistent inflamma-
tion is initially associated with necrosis and hypertrophy, 
followed by progressive loss of regeneration and muscle 
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Abstract
Duchenne muscular dystrophy (DMD) is caused by mutations in the dystrophin 
gene, which mostly affects boys. The subject was an 8-year-old child who had 
typical symptoms of muscle weakness. The NGS may be used as an efficient and 
cost-effective molecular diagnostic strategy for identifying patients with DMD.

K E Y W O R D S

Duchenne Muscular Dystrophy, genetic diagnosis, molecular diagnosis, next-generation 
sequencing

www.wileyonlinelibrary.com/journal/ccr3
mailto:﻿
https://orcid.org/0000-0001-6896-2378
mailto:﻿
https://orcid.org/0000-0002-2495-5368
mailto:﻿
http://creativecommons.org/licenses/by/4.0/
mailto:mohammadi_asl@yahoo.com


2 of 4  |      HOSSEINI et al.

degeneration, which is characteristic of DMD.8 Duchenne 
muscular dystrophy is a rapidly progressing disease, and 
all patients usually need to use a wheelchair by age 10; 
DMD patients develop a severe type of cardiomyopathy, 
which generally appears at age 10, and most of them die 
due to heart diseases and respiratory disorders.9,10 The av-
erage life expectancy in patients with Duchenne muscu-
lar dystrophy is between 20 and 30 years.11 As reported in 
studies, small mutations in the dystrophin gene are one 
of the causes of Duchenne muscular dystrophy, which is 
costly and inefficient to detect by traditional sequencing 
methods such as Sanger. The MLPA method is also used to 
identify large mutations.12 In this study, the NGS technique 
was used to sequence and identify micro-duplications in 
the dystrophin gene.

The physical examination of the patient, as well as the 
results of muscle biopsy, increased creatine kinase (CK) 
enzyme, electromyography (EMG), and molecular tests 
for dystrophin gene analysis, are used to diagnose DMD.

2   |   CASE REPORT

2.1  |  Case history

In this case study, the subject of our study is an 8-year-old 
child with muscle weakness in his arms and legs and car-
ried these symptoms from childhood. Walking difficulties 
and a chest deformity are two of the most common clinical 
issues seen. His parents are not consanguineous, and the 
child has a normal IQ. Muscle biopsy and histological ex-
aminations were not performed for him. The biochemical 
study showed abnormal high level of creatine phospho-
kinase (CPK) enzyme (13,369  U/L) and lactate dehy-
drogenase (LDH) enzyme (4544  U/L). Electromyogram 
(EMG) was performed  and the electrical findings are 
consistent with a chronic myopathic pattern in proximal 
muscles. The subject has a positive family history. His ma-
ternal uncle died of muscular dystrophy, and his cousin 
also suffered from the disease (Figure 1).

2.2  |  Next-generation sequencing (NGS)

The Multiplex ligation-dependent probe amplification 
(MLPA) technique is commonly used as the first line 
of molecular detection, but because the proband's ge-
nome had no large deletions or duplications, NGS was 
used as the next step in the diagnosis. The proband ge-
nome sequence was performed using a custom-designed 
Nimblegen chip capturing the dystrophin gene followed 
by next-generation sequencing. The test platform exam-
ined >95% of the target gene, with over 99% sensitivity. 
Point mutation, micro-insertion, deletion, and duplication 
could be simultaneously detected. The results of this se-
quencing were analyzed by bioinformatics methods with 
international databases of mutations and polymorphisms. 
The entire  NGS  procedure was performed by  Macrogen 
Inc.

2.3  |  Multiplex ligation-dependent probe 
amplification (MLPA)

Seventy-nine exons of the DMD gene were analyzed by 
the MLPA technique using SALSA MLPA KIT P034-B2/
P035-B1 (MRC Holland BV) to detect exon deletions or 
duplications. All steps of this test are performed according 
to the manufacturer's instructions on the DNA extracted 
from the patient's blood (Figure 2).

3   |   RESULTS

Sequencing of this individual genome was performed, 
and the data were analyzed to identify previously re-
ported and novel variants in different genes implicated 
in myotonic dystrophy. The results showed that no 
strict pathogenic point mutation was found by exome 
sequencing. The results of our data showed micro-
duplications in exons 10 to 42 of the dystrophin gene. 
The patient's DNA sample was investigated for the 

F I G U R E  1   (A) Patient with DMD. 
(B) The pedigree of the study family; In 
the family tree, squares indicate male 
and circles indicate female of the family 
member. The arrow indicates the proband
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deletion and duplication in the Dystrophin gene for 
all 79 exons by the MLPA method. MLPA testing has 
confirmed these micro-duplications. Molecular analysis 
of detected DMD disease duplication using MLPA and 
linkage in fetal sample's dystrophin gene revealed that 
the fetus was female and thus not affected by this fam-
ily's pregnant mother.

4   |   DISCUSSION

Small mutations, rather than the large deletions and du-
plications seen in DMD, should be considered accurate 
molecular detection. Molecular DMD diagnosis is criti-
cal for identifying women who have a carrier in their 
family, which is important because it allows affected 
individuals to be identified in future pregnancies and 
prevented from being born. Only large deletion muta-
tions and duplications in the dystrophin gene can be de-
tected using the MLPA technique. Small mutations that 
could cause DMD disease are still unknown. The whole 
dystrophin gene must be sequenced to detect small 
mutations, which is time-consuming and costly. The 
NGS technique has recently emerged as a method for 
detecting small mutations and duplications in order to 
identify all regions of the DMD gene. Small mutations, 
rather than the large deletions and duplications seen in 
DMD, should be considered accurate molecular detec-
tion. Molecular DMD diagnosis is critical for identifying 
women who have a carrier in their family, which is im-
portant because it allows affected individuals to be iden-
tified in future pregnancies and prevented from being 
born. Only large deletion mutations and duplications 
in the dystrophin gene can be detected using the MLPA 
technique. Small mutations that could cause DMD dis-
ease are still unknown. The whole dystrophin gene must 
be sequenced to detect small mutations, which is time-
consuming and costly. The NGS technique has recently 
emerged as a method for detecting small mutations 
and duplications in order to identify all regions of the 

DMD gene. Analyzing the type and frequency of 7149 
DMD mutations indicated that among 5682 large muta-
tions (80% of mutations), 86% were deletions, and 14% 
were duplications. There were 1445  small mutations 
(20% of mutations), included were 25% deletions, 9% 
duplications, 14% splice site mutations, and 52% point 
mutations.13

In the present study, we detected micro-duplications 
in exons 10 to 42 by NGS technique, and then the results 
were confirmed by the MLPA technique. Our results pro-
vide evidence that the NGS technique can be used in dys-
trophin gene sequencing to diagnose patients with DMD.

5   |   CONCLUSION

Because DMD is a serious illness for which there is cur-
rently no effective treatment, it is critical to avoid the 
birth of affected male children. Identifying female car-
riers through genetic counseling and molecular testing 
can help prevent the disease. In this paper, we propose 
that the NGS technique may be used as an efficient and 
cost-effective molecular diagnostic strategy to identify 
micro-duplication mutations in patients with Duchenne 
muscular dystrophy, which are difficult and expen-
sive with traditional methods. More research is needed 
in the future to review and confirm the findings of our 
study.
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