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Original Article

Background: Becker muscular dystrophy (BMD) is caused 
by mutations in the dystrophin gene with variable phenotypes. 
Becker muscular dystrophy patients have low levels of nearly 
full-length dystrophin and carry in-frame mutations, which 
allow partial functioning of the protein. Aim: To study the 
deletion patterns of BMD and to correlate the same with 
reading frame rule and different phenotypes. Setting: A 
tertiary care teaching hospital. Design: This is a prospective 
hospital-based study. Materials and Methods: Thirty-two 
exons spanning different �hot spot� regions using Multiplex 
PCR techniques were studied in 347 patients. Two hundred 
and twenty-two showed deletions in one or more of the 
32 exons. Out of these, 46 diagnosed as BMD patients were 
analyzed. Results: Forty-six BMD patients showed deletions 
in both regions of the dystrophin gene. Out of these 89.1% 
(41/46) were in-frame deletions. Deletions starting with Exon 
45 were found in 76.1% (35/46) of the cases. Mutations 
in the majority of cases i.e. 39/46 (84.8%) were seen in 3� 
downstream region (Exon 45-55, distal rod domain). Few, 
i.e. 5/46 (10.8%) showed deletions in 5� upstream region 
(Exons 3-20, N-terminus and proximal rod domain) of the 
gene, while in 2/46 (4.4%) large mutations (>40 bp) spanning 
both regions (Exons 3-55) were detected. Conclusion: This 
significant gene deletion analysis has been carried out 
for BMD patients particularly from Western India using 
32 exons.
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Introduction

Severe Duchenne and milder Becker muscular 
dystrophy (DMD/BMD) are neuromuscular disorders 
caused by mutations (mainly intragenic exon deletions) 
in the dystrophin gene.[1] Dystrophin is a large gene 
(2.4 Mb) with 79 exons (covering only 0.6%) with a 

coding sequence of 14 kb.[2] Clinically, BMD (incidence 
approximately 1/12,000), is similar to DMD but milder 
with late onset and loss of ambulation.[3]

Becker muscular dystrophy patients carry mainly 
in-frame deletions, which allow partial functioning 
of dystrophin protein and hence results in a milder 
phenotype, whereas in DMD, frame-shift results in 
loss of dystrophin.[4] Phenotypic differences between 
BMD and DMD can be explained by the reading frame 
rule in 90% of reported cases.[5] In this study we report 
46 cases of BMD patients from Western India with 
89.1% following the reading frame rule.

Materials and Methods

A total of 347 samples with clinical diagnosis of 
DMD/BMD were received over the past three years 
in our department, for deletion studies of 32 exons of 
dystrophin gene. Out of which, 222 showed deletions 
of one or more exons. Among the patients showing 
deletions, 176 were DMD while 46 showed typical BMD 
phenotype i.e. patients were ambulant above the age 
of 12-13 years. Except for 19 familial cases, all DMD 
cases were sporadic and two out of 46 cases of BMD 
were familial.

Genomic DNA was extracted using Sigma NA 2020 
kit from peripheral blood (collected in EDTA bulbs). 
Multiplex PCR was carried out using multiplex PCR kit 
(Qiagen). A total of 32 exons (Pm, 1-13,19-21,43-55,60) 
were screened using three primer sets, 13-plex PCR, 
9-plex PCR and 10-plex PCR.[6-8]

Conditions for all three sets of primers were: 
denaturation at 94°C for 30 s, annealing at 52°C for 
30 s, extension at 65°C for 4 min, with a total of 
26 cycles.[9] The PCR products (25 µl) were separated 
using 3% NuSieve agarose gel (Cambrex, USA) stained 
with ethidium bromide and bands observed on gel 
documentation system (Vilber Lourmat, France).
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The DMD/BMD exon deletions obtained by multiplex 
PCR methods for 32 exons were subjected to the checker 
of reading frame from Leiden Database Muscular 
Dystrophy.[10] The data collected on the basis of �checker 
list� enabled us to predict the shift in translational 
reading frame.

Results

A total of 222 patients showed deletions of one 
or more exons, out of these 46 were BMD. In-frame 
deletions were seen in 89.1% (41/46) of the BMD cases, 
while 6.5% (3/46) were out-frame though clinically the 
symptoms corresponded to BMD phenotype and 4.4% 
(2/46) could not be classified as either [Table 1].

These were classified on the basis of their neurological 
deficit i.e. extent of muscle weakness, age of onset 
and ability to walk after the age of 12-13 years. These 
46 patients displayed deletions in different exons in 
both regions of the dystrophin gene [Table 2]. The 
majority (84.8%) had deletions in the central rod 
domain between Exons 45-55 and out of these 76.1% 
deletions started with Exon 45.

In the above series of BMD patients, five patients 
showed in-frame deletions in the upstream region (5� 
end) of the gene (between Exons 3 and 20), four were 
between ages 15 and 17 years and one aged 22 years. 
Clinical symptoms of the four patients were nearly 
similar with creatinine phosphokinase (CPK) ranging 
from 3000 to 8000 IU, hypertrophy of calves, Gower�s 
sign, difficulty in climbing, but ambulant. The oldest 
patient aged 22, showed deletions of Exons (14-) 17-20, 
was non-ambulatory by age 19 years.

Two patients aged 15 and 18 showed deletions 
spanning both the regions involving absence of >40 exons 
[Table 2]. The 15-year-old had an out-frame deletion 
(Exon 3-43) with onset at age 12 years, CPK-21,800 IU, 
calf hypertrophy, Gower�s sign, limb girdle weakness and 
EMG reporting myopathic changes. Though the symptoms 
were severe the patient could still walk without support. 
He had deletions of both the actin- binding and the rod 
domain (Exons 3-43) showing out-frame deletions but 
with a BMD phenotype. This was considered as more 
severe BMD type. The other 18-year-old patient showed 
in/out-frame deletions of Exons 13-55(-59) with less 
severe symptoms (CPK-9,000 IU) and late onset at age 
14 years after which he presented with enlarged calves, 
brachioradialar weakness of hips and shoulder girdle 
and difficulty in climbing and running, but could walk 
without support.

A total of 39 patients (84.8%) showed deletions in the 
downstream region of the gene. Out of these, 36 patients 
were showing in-frame mutations.

A maximum number of patients (35 i.e. 76.1%) in BMD 
showed deletions starting with Exon 45. Out of these 
only one patient with deletions of Exons 45-55(-59), 
could be either out or in-frame while the rest were all 
in-frame. This patient was 19 years old with an onset 
at age 16 years, his CPK was 1132 IU and he showed 
hypertrophy of calves, Gower�s signs and difficulty in 
climbing stairs.

Deletions starting with Exon 45 were seen in the 
remaining 34 patients with in-frame pattern. In 
14 patients of the same group, the ages varied from 12 
to 44 years with 78.5% being above the age of 18 years. 
The age of onset for three of the patients was in their 
twenties. All these patients showed hypertrophy of 
calves, had difficulty in climbing stairs, Gower�s signs 
and four had weakness and wasting of limbs. The CPK 
ranged from 1000 to 11,885 IU. All were ambulant and 
only one patient (44 years old) had a family history of 
maternal uncle being affected.

The other 20 patients with in-frame deletions of Exons 
45-48, 45-49 (BMD Patient 2 in Figure 1A,C) and 45-53 

Table 1: Total number of DMD/BMD patients with in-/out-frame 
deletions

Deletions DMD BMD Total
In-frame 16 (9.1) 41 (89.1) 
Out-frame 155 (88.1) 3 (6.5) 
In-/out-frame 5 (2.8 ) 2 (4.4) 
 176 46 222
Figure in parenthesis are in %

Table 2: Exons deleted with corresponding in-/out-frame deletions in BMD patients
Exons deleted In-/out-frame No. of pts. (46) Age range Age of onset Percentage
   (in years) (range in years)
3-4 In-frame 2 16-17 13-15 4.3 (2/46)  
3-13(-16?) In-frame 2 15 9-11 4.3 (2/46)  
(?14-) 17-20 In-frame 1 22 9 2.2 (1/46)  
3-43 Out-frame 1 15 12 2.2 (1/46)  
13-55(-59?) In-/out-frame 1 18 14 2.2 (1/46)  
45-47 In-frame 14 12-44 5-26 30.4 (14/46) 
45-48 In-frame 7 16-27 9-22 16.2 (7/46)  
45-49 In-frame 9 12-23 8-14 19.6 (9/46)  
45-53 In-frame 4 13-33 9-10 8.7 (4/46)  
45-55(-59?) Out-/in-frame 1 19 16 2.2 (1/46)  
46-47 Out-frame 2 18-23 11-17 4.3 (2/46)  
48 In-frame 2 18-29 12-14 4.3 (2/46) 
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showed mild limb girdle weakness. All of them were 
ambulant with two having a family history with affected 
maternal uncle and the other with affected brother and 
nephew. In the case of the patient with a family history 
of affected brother and nephew, the nephew (age six 
years) was an index case with DMD phenotype. Both 
showed large calves [Figure 2] and in-frame deletions of 
Exons 45-48 but manifested with variable phenotype.

Single Exon 48 deletion resulting in an in-frame 
mutation were seen in two patients aged 18 and 
29 years. The CPK of these patients was 4004 and 
3800 IU respectively and both were with hypertrophy 
of calves and difficulty in climbing stairs.

Out-frame deletion of Exons 46-47 which were most 
common in our DMD patients [Table 3], were also 
seen in two of our BMD patients aged 18 and 23 years. 
Both could walk without support, the onset being 
at age 15 and 17 years respectively. The 23-year-old 
mainly complained of weakness, while the 18-year-old 
exhibited both hypertrophy of calves and Gower�s signs 
thereby suggesting BMD phenotypes with discordant 
out-frame deletions.

Discussion

In our study of 222 patients showing deletions, 88.1% 
(out-frame) of DMD and 89.1% (in-frame) of BMD, 
conformed to the reading frame rule [Table 1].

This was in accordance with world literature except 
for a North Indian study, which showed a higher 
percentage i.e. more than 30% deviation from the 
reading frame rule.[11,12]

The majority of the discrepancies had only been 
confirmed at DNA level, as was the case in our study. It 
was likely that at the RNA level, due to variable levels 
of alternative splicing one or more exons may either 
restore or disrupt the reading frame.[11] It was not yet 
clear why the exon-skipping mechanism appeared 
more efficient for some patients than others. This may 
be due to the exact location of the break points within 
the intron where certain intronic elements required 
were lost or maintained for the proper inclusion of 
certain exons.[11] This may also help to explain the 
overlap of deleted exon range seen in some of our 
patients [Table 3].
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Figure 1: (A) Gel electrophoresis: Set of 13 exons[6] of Dystrophin gene, 
from left lane: control sample; BMD patient-1 showing deletions of 

exons 52(113bp), 46(148bp), 47(181bp), 53(212bp), 50(271bp), 49(439bp) 
(arrows); BMD patient-2 showing deletions (arrows) of exons 46(148bp), 
47(181bp) and 49(439bp). (B) Set of 9 exons[7] of Dystrophin gene; from 
left: control sample; BMD patient-1 showing deletions (arrows) of exons 
52(388bp), 48(506bp) and 45(547bp). (C) Set of 10 exons of Dystrophin 
gene; from left lane: control sample; BMD patient-1 and 2 showing no 

deletion in the 10 exon set

Figure 2: Phenotypic variability in a family: index case had DMD 
phenotype while maternal uncle had BMD phenotype

(BMD Patient 1 in [Figure 1A-C]) have ages ranging 
from 12 to 33 years with 60% above the age of 18 years. 
The age of onset also varies from age 8 to 22 years. Calf 
hypertrophy manifested in 19 of them, 10 had difficulty 
in climbing stairs, 40% showed Gower�s signs and three 

Table 3: Deletions seen both in BMD and DMD patients
Exons deleted In-/out-frame BMD DMD
  No. of pts Age range (in years) No. of pts. Age range (in years)
3-13 (-16?) In-/out-frame 2 15 2 6-10
17-20 In-frame 1 22 1 8
45-47 In-frame 14 12-44 2 4-8
45-48 In-frame 7 16-27 1 6
45-49 In-frame 9 12-23 1 10
45-55 (-59?) Out-/in-frame 1 19 1 5
46-47 Out-frame 2 18-23 18 2.5-11
48 In-frame 2 18-29 2 5-14
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Different phenotypes were sometimes found within 
families as seen in an index case of a six-year-old boy 
with DMD phenotype and his maternal uncle with BMD 
phenotype [Figure 2] both with in-frame deletions of 
Exons 45-48. Different phenotypes have been reported 
in families even where deletion break points were 
identical.[11] The mechanism of pre-mRNA splicing 
seems to be complex and regulated by many factors, 
especially in the case of a large complex gene like 
dystrophin. Each individual may express these factors 
at different levels, which may explain the observed 
differences to some extent.[13]

As reported earlier in in-frame mutations the 
phenotype was to some extent determined by the 
location and size of deletion.[14] Large deletions 
spanning >35 exons usually were associated with DMD 
phenotype.[14-17] Our two BMD patients with deletions 
extending >40 exons were exceptions. One of them 
aged 18 years showed deletions spanning most of the 
rod region (Exons 13-55(-59?)), though phenotypically 
he presented with milder symptoms. The other patient 
had deletions of both actin-binding and rod domain 
(Exons 3-43) showing out-frame deletions but with a 
BMD phenotype. Out of all the patients studied, both 
DMD and BMD, we had four patients with these large 
deletions i.e. absence of >40 exons, including both 
regions. Two were BMD (described above) and two 
DMD with out-frame deletions spanning Exons 2-44 
and 3-45 aged two years and four years respectively 
with severe DMD phenotype. From India, there are 
no such reported cases of BMD with large-scale (>40) 
exon deletions.

Many cases of BMD are not reported from India, 
especially Western region. The data is mainly from 
north and eastern India, where gene deletion analysis 
of mainly 18 exons in both DMD and BMD were 
reported.[12,18-23] The majority of the BMD cases reported 
from India and abroad showed deletions in the major 
�hot spot� region between Exons 45-53, which is in 
accordance with our data [Table 2].[6,12,18-23]

In our analysis, BMD patients were exclusively 
analyzed on the deletion patterns obtained using 
32 exons multiplex reaction. A majority of the upstream 
exons between 1-21 were included in this study. The 
in-frame and out-frame patterns were determined.[10] 
The exact extent of deletion at the 3� end of patients 
having deletions from 3-13, 13-55, 45-55 and at the 5� 
end exons of patient with exon deletions 17-20 could 
not be accurately determined. This was due to the fact 
that the exons preceding or following the deletions were 
not included in the 32 exons analyzed. The in-frame 
classification will not change for 3-13 and 17-20 as all 
the exons proceeding and preceding the range also result 
in in-frame mutations. Two BMD patients who showed 
exon deletions between 13-55 and 45-55 could not be 
confirmed as in- or out-frame mutations, because after 

Exon 55, Exon 56 to Exon 59 (not constituents of the 
32 exons analyzed) give alternate out-/in-frame deletion 
patterns.[10]

Thus, in conclusion, this study revealed a significant 
correlation between clinical severity, molecular 
deletions and translational reading frame hypothesis 
with a few exceptions not conforming to the same. 
These exceptions are only at a DNA level and in 
fact concur with the reading frame on RNA studies. 
Therefore, it is advisable to confirm the mutations at 
the RNA level.
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