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Abstract
Large deletions and duplications are the most frequent causative mutations in Becker muscular dystrophy (BMD), but
genetic profile varied greatly among reports. We performed a comprehensive molecular investigation in 95 Chinese BMD
patients. All patients were divided into three subtypes: normal muscle strength (type 1) in 18 cases, quadriceps myopathy
(type 2) in 20 cases, and limb-girdle weakness (type 3) in 57 cases. Nineteen cases (20.0%) had small mutations and 76 cases
(80.0%) had major rearrangements, including 67 cases (70.5%) of exonic deletions and 9 cases (9.5%) of exonic
duplications. We identified 50 cases (65.8%) of in-frame mutations, and 26 cases (34.2%) of frame-shift mutations. The
frequency of deletion in exons 13–19 was 30.6% in type 1 patients, 9.7% in type 2 patients, and 10.4% in type 3 patients.
The frequency of deletion in exons 45–55 was 28.6% in type 1 patients, 40.8% in type 2, and 50.0% in type 3 patients. All
major rearrangements of DMD gene in type 1 patients were also observed in type 3 patients. Our study suggested that frame-
shift mutation was not rare in Chinese BMD patients. Although no difference was observed on the forms of DMD gene
mutations among the three types of patients, the mutation in proximal region of DMD gene has higher frequency for patients
without weakness. Effect of exon skipping for DMD depends on the size and location of the mutation. Additional studies are
required to determine whether exon-skipping strategies in proximal region of DMD gene could yield more functional
dystrophin.

Introduction

Becker muscular dystrophy (BMD), caused by mutations on
the Dystrophin gene (DMD gene) (OMIM: *300377), is an
X-linked disease with an incidence of 2.84 per 100,000
males [1]. BMD is clinically more heterogeneous compared
to Duchenne muscular dystrophy (DMD), with initial pre-
sentation in the teenage years, loss of ambulation beyond
the age of 16 years, and a wide spectrum of clinical
presentations. Some BMD patients present no muscular

weakness, but with cramp-myalgia syndrome [2], asymp-
tomatic hyperCKemia [3, 4], or myoglobinuria [5]. While
other BMD patients exhibit more classical phenotypes:
quadriceps myopathy [4, 6] or limb-girdle weakness [4].
Occasionally cardiomyopathy without skeletal muscle
weakness is another phenotype caused by DMD gene
mutation [7].

Since no linear relationship was found between dystrophin
levels of muscle fibers and muscle strength or age at different
disease milestones in BMD patients [8], the genetic screening
is more commonly used in the diagnosis [9] and determi-
nation of the disease progress [4, 10]. Furthermore, it is
important to find a distinct mutation location of mild or
asymptomatic BMD for exon-skipping therapy of DMD.
Exon-skipping strategy is viewed as a promising therapeutic
strategy for muscular dystrophy since it can restore the
reading frame of DMD gene and allows the production of a
shorter but functional dystrophin protein [11]. Previous
clinical trials in exon-skipping therapy did not exhibit much
effectiveness in converting DMD to BMD, and a compre-
hensive assessment of genotype–phenotype relationship in
BMD is needed for future planning of clinical trials, since
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BMD shows a large variety of genetic mutations and clinical
phenotypes [12]. Exonic deletion is the major type of
mutation in BMD patients, representing 66.7% of all muta-
tions in the Puerto Rico patients with BMD [1]. Previous
studies have reported two hotspots for DMD gene mutations
in BMD, one located between exons 45 and 55, and another
located between exons 2 and 19 [4]. The exons in segment
45 to 47 were the most frequently affected in Puerto Rico
patients [1], while the deletion of exon 50 was the most
common in multiplex ligation-dependent probe amplification
(MLPA) confirmed cases in Indian patients [13].

A genetic analysis of DMD gene is important in pre-
dicting the prognosis for BMD. Early study suggested that
no correlation was found between the symptomatology and
the location of the mutations [14]. Recent studies suggested
that the reading-frame rule held in 82.4% in Spanish BMD
patients [10]. Splice site mutations or deletion of exons 3–9
[15, 16] and deletions ending on exon 51 or deletion of
exon 48 in the DMD gene was detected in mild or
asymptomatic BMD [17]. BMD carrying proximal deletions
showed a higher degree of cardiac impairment [18]. The
intronic splicing mutation [19] and the deletions ending on
exon 45 [17] in the DMD gene are associated with BMD
patients with moderate weakness. Since there are no enough
studies to determine which exon is better for exon-skipping
therapy, study with large cohort of BMD is needed to
determine the genotype–phenotype correlation. Here we
looked into the pattern of the genetic screening results of
Chinese BMD patients.

Materials and methods

The genetic mutations and clinical phenotypes of 95 male
BMD patients from unrelated families were collected in the
Neurology Department of Peking University First Hospital.
Patients were diagnosed with BMD if his onset age is over
7 years old and/or the patient is able to walk until at least

16 years old [20]. All patients were not treated with steroid
therapy. The diagnosis of these patients were all confirmed
with DMD gene sequencing. Based on the clinical pheno-
types, the patients were divided into three clinical subtypes:
type 1, patients with normal muscle strength, who experi-
ence cramp-myalgia syndrome or asymptomatic hyperCK-
emia; type 2, patients exhibiting quadriceps myopathy; and
type 3, patients experiencing limb-girdle weakness. Clinical
manifestation of patients in the present series were sum-
marized in Table 1. Among the 95 patients, 18 patients were
classified as type 1, 20 patients were classified as type 2,
and 57 patients were classified as type 3. The age at the
diagnostic time was 10.4 ± 4.1 years old (7–21 years old)
for type 1 patients. The onset age of the disease is 17.7 ±
8.5 years old (7–39.5 years old) for type 2 patients and
11.6 ± 5.8 years old (7–30 years old) for type 3 patients. All
clinical investigations were conducted according to the
principles of Declaration of Helsinki. The institutional
review board and ethics committee at the Peking University
First Hospital approved this study. Written informed con-
sent was obtained from all participants.

Genomic DNA was extracted from the blood cells of all
patients and their relatives according to standard proce-
dures. Targeted next-generation sequencing of 128 genes
associated with known inherited myopathy including the
DMD gene was performed [21]. The mutations were ver-
ified by Sanger sequencing with specific primers. If exonic
deletion or duplications was identified, MLPA was used
again to confirm the findings. If small mutations were
identified, an alternative method was required (QF-PCR or
real-time qPCR, Sanger sequencing) to confirm the findings
and rule out rare variant or polymorphism. Pathogenicity of
amino acid substitutions was evaluated using Polyphen-2
and SIFT algorithms. All substitutions with a Polyphen-2
score below 1 and above 0.908 and a SIFT score below 0.05
were considered damaging substitutions. In addition, we
used LOVD database (Leiden Open Variation Database:
www.dmd.nl) as a reference to determine if the substitution

Table 1 Summary of clinical manifestation of patients in present series

Number of
patients

Onset age Diagnostic
age

Main clinical phenotype Blood CK level
(IU/L)a

Type 1 18 10.4 ± 4.1 11.6 ± 5.0 Without any muscle weakness. Cramp-myalgia syndrome, or
asymptomatic hyperCKemia. No cardiac symptoms or
respiratory failue.

500–17,976

Type 2 20 17.7 ± 8.5 24.7 ± 10.9 Quadriceps myopathy without respiratory failure or cardiac
symptoms. Three cases with cardiac symptoms. No patients
have respiratory failure.

866–41,402

Type 3 57 11.6 ± 5.8 15.9 ± 8.0 Limb-girdle weakness. Five cases with cardiac symptoms. No
patients have respiratory failure.

514–32,700

Onset age and diagnostic age were presented in the format of “average ± standard deviation.” Since single patient could have large fluctuation in
blood CK level, CK levels were presented in a range
aOnly 65 patients have documented blood CK level
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consisted a missense mutation or a non-synonymous single-
nucleotide polymorphism. The nucleotide position was
determined according to the DMD reference sequence
(RefSeq NM_004006.2) and mutation nomenclature fol-
lowed the guidelines of the Human Genome Variation
Society.

Statistical analysis

All values were calculated using the SPSS statistical pack-
age (version 17.0J). Descriptive statistics were carried out
when appropriate. Correlations were calculated using
Spearman’s rank coefficient, and statistical significance was
indicated by p < 0.05.

Result

The onset age of type 2 patients is significantly older than
the diagnostic age of type 1 patients (p= 0.001) and the
onset age of type 3 patients (p= 0.003). There was no
significant difference between diagnostic age in type
1 patients and the onset age in type 3 patients (p > 0.1).

Table 2 showed an overview of genetic mutations
observed in this study. In the 95 independent mutational
events, 76 cases (80.0%) were major rearrangements (exo-
nic deletions and duplications) including 16 cases in type 1,

13 cases in type 2, and 47 cases in type 3. Nineteen cases
(20.0%) were small mutations (mutations smaller than one
exon). Exonic deletions and duplications occurred on
67 patients (70.5%) and 9 patients (9.5%), respectively.
Among all mutations of type 1 patients (Fig. 1), 72.2% were
exonic deletions, 16.7% were exonic duplications,
and 11.1% were small mutations; for mutations of type
2 patients, 60.0% were exonic deletions, 5.0% were exonic
duplications, and 35.0% were small mutations; for muta-
tions of type 3 patients, 73.7% were exonic deletions, 8.8%

Table 2 Types of genetic mutation in three subtypes of patients in
present series

Type 1 Type 2 Type 3 Total

Deletion

In-frame 10 7 26 43

Frame-shift 3 5 16 24

Total 13 12 42 67

Duplication

In-frame 2 1 4 7

Frame-shift 1 0 1 2

Total 3 1 5 9

Small mutation

Total 2 7 10 19

Total 18 20 57 95

Fig. 1 Frequency of different
types of DMD gene mutations in
three subtypes of BMD patients.
Black: exonic deletion; gray:
exonic duplication; shade: small
mutations
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were exonic duplications, and 17.5% were small mutations.
No statistically significant differences were observed (p >
0.1) between different forms of mutations among the three
types of patients.

Exonic deletions

According to the Taglia et al.’s report [4], we studied the
frequency of deletion mutations on exons 45–55 in our
present series of patients. There were 45 patients (67.2%,
45/67) with this deletion mutations, including 6 cases
(46.2%, 6/13) with type 1, 9 cases (75%, 9/12) with type 2,
and 30 cases (71%, 30/42) with type 3. There was no sig-
nificant difference among three types (p > 0.05). The pre-
sent series presented 43 different patterns of exonic deletion
(Fig. 2). Deletion mutations starting at exon 45 occurred in
32 patients (47.8%, 32/67) and 15 of them on exons 45–47
(22.4%, 15/67). There were 13 cases (19.4%, 13/67) of
exonic deletions located on exons 3–19, including 4 cases
(30.8%, 4/13) with type 1, 0 cases (0%, 0/12) with type 2,
and 9 cases (21.4%, 9/42) with type 3. The significant
differences were observed between patients with type 1 and
type 2 (p= 0.03), but not between type 1 and type 3 nor
between type 2 and type 3 of patients (p > 0.05).

The frequency of deletions involving exons 45–55 is
28.6% for type 1 patients, 40.8% for type 2 patients, and
50% for type 3 patients. The frequency of deletion invol-
ving exons 3–19 is 36.7% for type 1 patients, 12.6% for
type 2 patients, and 32.5% of type 3 patients. The histogram
of frequency distribution (Fig. 3) of DMD gene exonic
deletions showed that all three types of patients have a peak
at exons 45–49, but only type 1 patients appeared another
peak at exons 13–19. The breakpoints of deletions on exons
13–19 have a frequency of 30.6% for type 1 patients, 9.7%
for type 2 patients, and 10.4% for type 3 patients.

Exonic duplications

The frequency of exonic duplication of the nine patients
was calculated (Fig. 4). Duplications accounted for 9.5% (9/
95) of all identified mutations. The duplications were more
frequent in the proximal hotspot (66.7%, 6/9). The most
frequent breakpoints of duplications were those that started
from exon 3 (85.7%, 7/9). Duplications of exons 3–4 were
identified three times (33.3%, 3/9). The present series
showed eight different patterns of exonic duplications
(Fig. 5). Almost all duplication mutations observed in this
study started at exon 3.

Small mutations

There were 19 cases (20%, 19/95) with small mutations, 6
of which have been previously reported. There were 7 cases
(36.8%, 7/19) with nonsense mutations, 4 cases (21.1%, 4/
19) with small deletions, 3 cases (15.8%, 3/19) with splice
site mutations, and 5 cases (26.3%, 5/19) with missense
mutations. No hotspots were identified because they are
distributed throughout all DMD exons involving all dys-
trophin domains. Single base substitutions were more fre-
quent than small deletions or insertions.

Frame-shift mutations

Among 76 cases with major rearrangements, there were
50 cases (65.8%, 50/76) of in-frame mutations and 26
(34.2%, 26/76) cases of frame-shift mutations. We observed
frame-shift mutation in 4 cases (25.0%, 4/16) of type
1 patients, 6 cases of type 2 (46.2%, 6/13) patients, and 20
cases (42.6%, 20/47) of type 3 patients. There was no sig-
nificant difference for in-frame mutation and frame-shift
mutation observed among the three subtypes (p > 0.1).

Fig. 2 Patterns of exon deletion
in DMD gene in BMD patients.
The horizontal axis showed the
number of exons. The present
series had 43 different patterns
of exon deletion. One type 1
patient with deletion mutation
on exons 13, 17, 19, 43, 45, 47
and one type 3 patient with
deletion mutation on exon 13,
17, 19, 43, 44, 45, 47 were not
shown. The number on the side
indicate the number of cases
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Discussion

In the present series of BMD patients, we recruited various
phenotypes, including patients with normal muscle strength,
quadriceps myopathy, and with limb-girdle weakness. In
the present study, we did not include DMD patients with
improved phenotypes after steroid treatment, which is
considered as BMD patients in present clinical diagnosis

criteria [22]. Patients with normal strength presented
with hyperCKemia or cramp-myalgia syndrome were
reported frequently before [2–4]. The diagnostic age in
present series of BMD patients with normal strength is
significantly earlier than the patient with quadriceps myo-
pathy, but not significantly different from that of the
patients with limb-girdle weakness. Patients can be free
of symptoms till their 50s and cases of late-onset BMD

Fig. 3 The frequency distribution of exonic deletions of DMD gene in
BMD patients. a The frequency distribution of exonic deletions of all
67 patients with exonic deletion. b The frequency distribution of

exonic deletions of three subtypes of patients. Black: type 1
(no muscular weakness); shade: type 2 (quadriceps myopathy);
gray: type 3 (limb-girdle weakness)
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have also been described [4]. Familial cardiomyopathy due
to mutations of DMD gene presented no muscle weakness
in adulthood [23]. Some patients with normal strength in
present series of BMD patients might be the early stage of
patients with quadriceps myopathy or cardiomyopathy.
Follow-up study is needed to evaluate disease progression
in patients with normal strength. However, phenotypes of
most of the patients without muscle weakness did not
develop with aging [24, 25]. The genotype characteristics
of these patients should be the main study target for
multiexon-skipping strategies.

Our study indicated that major rearrangements is the
most common type of DMD gene mutation in three phe-
notypes of BMD, which is similar to other reports for BMD
patients [10, 13, 25]. Exonic deletions appeared more fre-
quently in patients with normal strength (type 1) and limb-
girdle weakness (type 3) than patients with quadriceps
myopathy (type 2). Exonic duplications were rare in all
patients and more frequent in patients with normal strength

(type 1) than patient with muscle weakness (types 2 and 3).
Small mutation is almost twice more frequent in patients
with quadriceps myopathy (type 2) than patients with nor-
mal strength (type 1) or limb-girdle weakness (type 3).
However, such tendency of differences had no statistical
significance in present study.

Exonic deletions appeared in 70.5% of the all mutations
in our patients, which was very similar to 74.3% reported in
Shanghai [26]. However, the frequency of exonic deletions
of BMD patients was 80% in Spanish BMD patients [10].
The reading-frame rule was fulfilled in 82.4% of Spanish
BMD patients [10], 94% of MLPA identified Indian BMD
patients [13], and 93% of France BMD patients [27];
however, only in 72.6% in present series. Usually in-frame
mutations result in BMD, including all duplications in
our series. The frame-shift mutations accounted for 18.8%
Spanish BMD patients [10]; however, 27.4% in our series.
Frame-shift mutations are less common in patient with
normal strength, more common in patients with quadriceps

Fig. 4 Frequency distribution of exonic duplication of DMD gene of three subtypes of BMD patients. Black: type 1 (no muscular weakness);
shade: type 2 (quadriceps myopathy); gray: type 3 (limb-girdle weakness)

Fig. 5 Patterns of exon
duplication in DMD gene in
BMD patients. The horizontal
axis showed the number of
exons. The present series had
seven different patterns of exon
duplication. The number on the
side indicate the number of cases

1046 R. Yuan et al.



myopathy or limb-girdle weakness. The clinical severity is
associated with the reading-frame rule for BMD patients,
which should be considered in multiexon-skipping strate-
gies in patient with BMD in the future.

Our finding further confirmed that disease progression in
BMD patients appears to be dependent on the breakpoints
location in DMD gene [28]. Deletions between exons 45
and 55 was previously reported as one of the hotspot for
DMD gene mutations for BMD [4, 29, 30]. We found
67.2% of breakpoints of deletions between exons 45 and 55,
mostly in patients with quadriceps myopathy or limb-girdle
weakness. A deletion suitable to exon skipping of exons 44,
45, 51, or 53 are currently treated in the context of clinical
trials or as commercialized drug in the case for exon
51 skipping in the United States [31]. However, we found
that there were different phenotypes of BMD in this
breakpoint region of DMD gene. We did not confirm that
breakpoints of deletion in exons 45–48 and 45–51 led to
mild phenotype [32, 33]. Some patients in present series
with breakpoints of mutations in this region also showed
phenotype of limb-girdle muscular dystrophy. We also did
not find that del 45–47 or del 45–49 mutations cause
comparatively severe weakness reported in previous studies
[4, 17, 32], because some patients with breakpoints of
mutations in this region of DMD gene shared hyperCKemia.

In general, deletions or duplications in the proximal
portion of DMD gene tended to cause mild phenotype with
cramps and myalgia or hyperCKemia [34]. We confirmed
19.4% cases of exonic deletions on exons 3–19, another
deletion hotspots of DMD gene in BMD patients [4].
Duplications accounted for 9.5% cases of all identified
mutations and more frequent in the proximal hotspot started
from exon 3. It appeared only in 3.2% of Indian BMD
patients [13]. Patients with mutations in this region had
more chance with mild or asymptomatic phenotype. Min-
ority of the deletions was located between exons 2 and 19 in
DMD [35]. We found deletions on exons 3–19 more
common in patients with normal strength than patients with
limb-girdle weakness, but no different to patients with
quadriceps myopathy. Additional studies are required to
determine whether multiexon-skipping strategies in exons
3–19 of DMD gene could yield more functional dystrophin,
including the exons 3–9 [36].

Small mutations appeared in 20.0% of all mutations in
present series, including nonsense mutations, microdele-
tions, splice site mutations, and missense mutations. The
small mutations appeared only in 11% in Spanish BMD
patients [10]. The frequency of different small mutations
varied from report to report. The nonsense mutations
accounted for 36.8% of small mutations in present series
and 31.25% in Spanish BMD patients [10]. The splice
site mutations accounted for 15.8% of small mutations in
present series and 38% in Spanish BMD patients [10].

Missense mutation is 10.5% in present series and 6% of
Spanish BMD patients [10]. We found that the same small
mutations appeared not only in patients with normal
strength but also in quadriceps myopathy or limb-girdle
weakness of BMD in present series. We found that single
base substitutions were about give times more frequent than
small deletions. However, no hotspots were identified
because they are distributed diffusely throughout all DMD
exons involving all domains. It is difficult to determine
the location of small mutations as exon-skipping therapies
at present time.

Our result showed the genetic mutation spectrum in a
large cohort of Chinese BMD patients. Major rearrangements
were very common among BMD patients. Exons 45–55 were
the hotspot for exonic deletion. Frame-shift mutation was
not rare in Chinese BMD patients. The severity of BMD did
not depend on the mutation types of DMD gene, but
the location. The mutations in proximal region of DMD
gene had higher frequency for patients without weakness.
Additional studies are required to determine whether
multiexon-skipping strategies in proximal region of DMD
gene could yield more functional dystrophin.
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