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Large variations in the proportion of intragenic deletion in the 
dystrophin gene have been observed in different populations. 
Although dystrophin gene deletion was extensively studied all 
over the world, only few studies were done on Egyptian popula-
tion and there was no account on the dystrophin gene dupli-
cation. In this study, we present our results on the pattern of 
deletion of the dystrophin gene together with the usage of quan-
titative polymerase chain reaction (PCR) as a method for dupli-
cation analysis within the dystrophin gene in Egyptian patients. 
Forty one Duchene/Becker muscular dystrophy patients were 
included in this study. The diagnosis was based on detailed clin-
ical assessment, serum creatine kinase (CK) level, neurophysi-
ologic study and muscle biopsy for histopathological analysis. 
DNA was extracted from ten milliliter peripheral blood accord-
ing to basic protocol, and multiplex polymerase chain reaction 
for dystrophin gene using both Chamberlin and Beggs sets of 
primers amplifying eighteen exons covering the two main dys-
trophin gene hot spots. In addition primers from Abbs set were 
used when it was necessary to check the exon borders. DNA 
from cases with no detectable deletion was analyzed for dys-
trophin gene duplication using quantitative PCR technique. We 
had a percentage of 61.1% deletion which is higher than data 
from previous Egyptian studies and most of the deletion was 
localized in the major hotspot region between exons 44 and 52 
and we had 5% of the cases with duplication. Our results were 
compared with previous studies from Egypt and with studies 
from different populations especially with data recorded in the 
Middle East and North Africa.

Key words: Duchenne muscular dystrophy, multiplex PCR, quan-
titative PCR

Introduction
Duchenne muscular dystrophy (DMD) and its mild-

er allelic form Becker muscular dystrophy (BMD) both 
exhibit X-linked recessive mode of inheritance and af-
fect more than two thirds of the total number of patients 
suffering from muscular dystrophy. Males carrying the 
mutated gene are affected while females become carri-

ers. Due to the extremely large size of the gene (2.4 Mb) 
65% of DMD patients exhibit deletions while 6% exhibit 
duplication within the dystrophin gene (1, 2).

Deletions are mainly clustered in two high frequency 
deletion regions, one in the 5’ end (centromeric) portion 
of the gene and the other in the 3’ half of the gene (3, 
4). Mutations that disrupt the open reading frame cause 
DMD resulting in no truncated protein gene product, 
where those which maintain it cause BMD resulting in 
abnormal, but partially functional protein product (5, 6). 
Although the dystrophin gene has been analyzed exten-
sively all over the world, only a few studies have been 
reported on Egyptian patients (7, 8).

Accordingly, our aim of this study was to extensively 
study the pattern of deletion and duplication mutation 
within the dystrophin gene in Egyptian DMD and BMD 
patients and the use of the quantitative analysis.

Patients and methods
Since 1999, 100 patients with progressive muscular 

dystrophy have been referred to our laboratory of Neuro-
gentics, Neurology Department Ain Shams University from 
all over the country. All patients were subjected to full clini-
cal examination, family pedigree, serum CK levels, EMG 
and muscle biopsy for histopathological analysis.

Inclusion criteria: we selected our patients according 
to the clinical criteria of DMD/BMD proposed by Emery 
in 1991. DMD patients were diagnosed according to the 
age of onset where symptoms are present before the age 
of 5 years and loss of unassisted ambulation before the 
age of 12 years. DMD cases were usually differentiated 
from BMD by the age at which the patient became wheel-
chair-bound. Some patients showed common features and 
were categorized as undetermined DMD/BMD. Patients 
with family history of autosomal recessive inheritance 
were excluded. Twenty normal cases were included as 
control group.
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Dystrophin gene testing

Genomic DNA was isolated from 10 ml peripheral 
blood, using the standard protocol. The frequency and 
distribution of deletions in the dystrophin gene were as-
sessed by multiplex PCR amplification of 18 exons of the 
dystrophin gene using two sets of primers (9, 10) flanking 
exons pm-3-4-6-8-12-13-16-17-19-43-44-45-46-47-50-
51-52-60 covering the major hot spot of the dystrophin 
gene. In addition primers from Abbs set11 were used when 
it was necessary to check the exon borders (16-41-32-
42-34). DNA from the normal male controls served as 
positive control and reaction without a template DNA as 
a negative control were included in each set of the PCR 
reactions. PCR products were subjected to 3% nusceive 
gel electrophoresis.

Quantitative PCR

All DNA samples which didn’t show deletion in multi-
plex PCR were subjected for quantitative PCR for duplica-
tion detection. Six sets of primers each including 3 primers 
of Chamberlain and Beggs were used (45-48-19) (17-51-
8) (12-44-4) (Pm-3-43) (50-13-6) (47-60-52) with both a 
normal male and a normal female as positive control. PCR 
products were run simultaneously in 1.5% nusceive gel 
electrophoresis, for detecting the duplicated exons.

Immunohistochemical study

All cases with no deletion or duplication were sub-
jected for immunohistochemical study for their muscle 
biopsy using dystrophin antibodies against: amino termi-
nal, carboxyl terminal and rod domain (NCL-DYS1 be-
tween amino acids 1181 and 1388, NCL-DYS2 between 
3669 and 3685, and NCL-DYS3 between 321 and 494; 
Novocastra, UK) to confirm DMD/BMD diagnosis and 
exclude cases with positive dystrophin protein.

Results
Our study conducted a total of 41 heparinised periph-

eral blood samples which were obtained from 41 clini-
cally diagnosed unrelated DMD/BMD patients with prior 
informed consent. Of these, 21 were DMD and 14 BMD 
patients, and 6 not determined patients. Four DMD cas-
es were wheel chair-bound before 12 years of age. One 
DMD patient had a brother died at age of 17 years (case 
number 5). One BMD brother died at age of 19 years (case 
number 24). One patient with non determined phenotype 
had a brother died at age of 36 years (case number 37). 
One non determined patient was still ambulant at age 19 
years while his brother was bed ridden at 12 years (case 
number 36). Table 1 describes the patients & the results.

The control blood samples were collected from unre-
lated normal healthy individuals (5 males and 5 females) 
who had no family history of any muscle disease.

Dystrophin gene deletion was detected in twenty two 
patients, as shown in (Table 1) and (Fig. 1a-b), while two 
patients showed duplication, at exon 52 in patient number 
26 and exon 50 in patient number 28 as shown in (Table 
1) and (Fig. 2). Twelve patients showed neither deletion 
nor duplication and the dystrophin protein was affected 
in the immunohistochemical study while five patients had 
neither deletion nor duplication and the dystrophin pro-
tein was intact as shown in (Table 1) and (Fig. 3).

In order to calculate the percentage of deletion in our 
study accurately the 5 patients with normal dystrophin 
were excluded. In the results, 61.1% of patients had dys-
trophin gene deletion.

The most frequently deleted exon was exon 51. We 
had one patient with deletion at the promoter site pm and 
one patient had deletion of exon 60. In our study fourteen 

A

B

Figure 1. Multiplex PCR amplification of genomic DNA from 
unrelated male patients using two sets of primers Cham-
berlain (set A) and Beggs (set b) as described patients and 
methods and PCR products were electrophoresed on 3% 
nusceive gels containing ethidium bromide 
Set A: DNA samples amplified using Chamberlain set 
of primers:  Lane 1: DNA marker, Lane 2-9: DMD\BMD 
patients, Lane 10: control male. Lanes 4&5 display dele-
tions of one or several exons.  
Set B: DNA samples amplified using Beggs set of prim-
ers:  Lane 1: DNA marker, Lane 2-9: DMD\BMD patients, 
Lane 10: control male. Lanes 4 & 5: display deletions of 
one or several exons.

Set a  

Set b  
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Table 1. Phenotypic genotypic correlation.

Serial Phenotype Age (ys) Age of
wheelchair
bound

X linked
family 
history

Intragenic
deletion

Intragenic
duplication

Immunohistochemical
analysis

1 DMD 12 11 + 50 FS

2 DMD 6 SA - - - Dystrophin intact

3 DMD 10 SA - - - Dystrophin intact

4 DMD 14 SA + - - -ve dystrophin (DMD)

5 DMD 7 SA + 44-48 FS

6 DMD 12 11 + 3-6 FS

7 DMD 4 SA - 44 FS

8 DMD 10 SA - - - Dystrophin intact

9 DMD 15 11 - 51 FS

10 DMD 10 SA - Pm-4 FS

11 DMD 8 SA - 51 FS

12 DMD 12 10 - 17-19 FS

13 DMD 7 SA - 45-51 FS

14 DMD 9 SA - 51 FS

15 DMD 10 SA - 48-50 FS

16 DMD 11 SA - 48-52 FS

17 DMD 17 SA - 50 FS

18 DMD 7 SA - 44 FS

19 DMD 9 SA - 51 FS

20 DMD 10 SA + - - Mosaic app (BMD)

21 DMD 4 - - -

22 BMD 10 SA - 51-52 In frame

23 BMD 21 SA - 45-48 In frame

24 BMD 14 SA + 48-50 In frame

25 BMD 18 SA - 48 In frame

26 BMD 15 SA - - 52

27 BMD 14 SA - - -

28 BMD 18 SA - - 50

29 BMD 12 SA - 48 In frame

30 BMD 16 SA + 45-51Inframe

31 BMD 21 SA - 44-45 In frame

32 BMD 27 SA - - - Dystrophin intact

33 BMD 21 SA + 3-4 In frame

34 BMD 21 SA - - - Dystrophin intact

35 BMD 19 SA - - - Faint & patchy (BMD)

36 ND 17 SA + 44-48 In frame

37 ND 15 SA + 52-60 In frame

38 ND 12 SA - - - Mosaic app (BMD)

39 ND 10 SA - - - -ve dystropin (DMD)

40 ND 7 SA - - - -ve dystrophin (DMD)

41 ND 12 SA - - - Faint & patchy (BMD)

ND: not determined phenotype; SA: still ambulant; Pm: promoter exon; FS: frame shift (DMD); In frame (BMD)
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patients had deletion in the major hotspot region between 
exons 44 and 52 (63.6%). Nine patients had the deletion 
confined to the distal hot spot (exons pm and 19) (40.9%) 
(Table 2).

The clinical severity of the disorder in patients with 
deletions was tested against the “reading frame hypoth-
esis”. The border type and the effect of deletion on the 
translational reading frame. Deletions that created a 
frame-shift mutation in the protein coding region caused 
DMD, while inframe deletions caused BMD.

We compared the deletion rate published in previous 
Egyptian studies, Arab studies and studies from Morocco 
and Tunisia, Turkey and Greece as described in (Table 3).

Discussion
The dystrophin gene is a huge and fascinating gene 

with a complexity in transcriptional regulation, function, 
and protein – protein interactions that we are only begin-
ning to fully appreciate. The relation between genotype 

Table 2. Frequency distribution of deletions in different exons.

Number of duplications Number of deletions

Exons tested Single exon Multiple exons Total

Pm 1 1

3 3 3

4 2 2

6 1 1

8

12

13

17 1 1

19 1 1

43

44 2 3 5

45 6 6

46 5 5

47 5 5

48 8 8

49 5 5

50 1 2 5 7

51 4 7 11

52 1 3 3

60 1 1

Total 2 8 57 65

Table 3. Comparison of frequency of deletions in different Ethnic groups.

Country % of deletion Exons tested Methods Authors

Morocco 59% 18 exons Multiplex PCR (I-II) Aziza El Sbiti et al., 2002

Kuwait 86% 25 exons Multiplex PCR (I-II-III) Haider et al., 1998

Turkey 59% 18 exons Multiplex PCR (I-II) Battalogue et al., 1992

Turkey 52% 10 exons Multiplex PCR (II) Kuseyri et al., 1993

Greece 63% 18 exons Multiplex PCR (I-II) Florentin t al., 1995

Egypt 55% 18 exons Multiplex PCR (I-II) Effat et al., 2000

Egypt 52% 10 exons Multiplex PCR (I) Elhawary et al., 2004

Present study 61.1% 25 exons Multiplex PCR (I-II-III)
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and phenotype is particularly important not only to diag-
nostic and counseling viewpoints, but also to the under-
standing of the pathways and mechanisms that regulate 
expression.

Improvements in knowledge about these features 
point the way towards a future treatment for this devastat-
ing group of disorders and that’s why a proper molecular 
analysis of the dystrophin gene is considered crucial for 
the diagnosis of this disorder. Although dystrophin gene 
mutation was extensively studied all over the world, only 
few studies were done on Egyptian population and there 
was no account on the dystrophin gene duplication.

In this study we combined the use of both multiplex 
PCR analysis for deletion detection with the quantitative 

PCR study for duplication detection within the dystrophin 
gene and further the diagnosis of the cases with no dele-
tion or duplication was confirmed using the immunohis-
tochemical analysis.

In our study the rate of deletion within the dys-
trophin gene was 61.1%, and as regard the pattern of 
the deletion and its distribution most of the deleted ex-
ons were within the central hotspot of the gene between 
exons 44-52 (72%) and the rest were scattered between 
exons pm and 19 (28%). We had one case with deletion 
of exon 60.

Multiple exons deletion was noticed more than single 
exon affection which is the same as data received from 
previous Egyptian studies and from populations.

The rate of dystrophin gene deletion was higher than 
the results obtained from previous Egyptian studies, 52% 
(7) and 55% (8). However as regard the deletion distribu-
tion within the gene, it was fairly the same except for the 
deletion of exon pm and exon 60.

We can attribute the higher rate of dystrophin gene 
deletion in our study to the use of both the quantitative 
PCR analysis for detecting cases with duplication and 
also the use of immunohistochemical study using dys-
trophin antibodies to exclude cases with intact dystrophin 
which confirmed the diagnosis.

Also the usage of more than one set of primers (set I-
II) and occasionally (III) was very important for accurate 
border checking in case of differentiating between cases 
of DMD & BMD.

The use of quantitative PCR proved to be very ben-
eficial as a method for detecting any duplicated exons 
within the dystrophin gene we found one case with du-
plication at exon 52 and another one with duplication at 
exon 50 which accounts for 5%.

As regard other populations the rate of deletion in 
our study was close to the results from recent Turkish and 
Greek studies (12, 16) (Table 3). This may be due to the 
related ancient history between the Egyptian, Turkish and 
Greek populations.

Also the use of more than one set of primers in the 
studies from showed a higher deletion (12, 13) (Table 3).

In case of the study done in Kuwait on different 
Arabic populations, the percentage was higher than our 
results (86%) were they used the three sets of primers 
(14). While the study done on the Moroccan popula-
tion revealed percentage less than our results (51.3%) 
(15).

With that we conclude the importance of includ-
ing both sets A and B primers to cover most of the gene 
hotspot for more accurate screening of the deletion within 
the dystrophin gene, together with the duplication detec-
tion as the quantitative PCR proved to be beneficial in our 
study. Immunohistochemical study for further detection 
of DMD/BMD patients with point mutation, in the cases 
with no deletion or duplication is necessary for accurate 
diagnosis.

Figure 2. Quantitative PCR amplification of genomic 
DNA from unrelated male patients, using Beggs set of 
primers ( Bc) amplifying exons 47-60-52 as described 
in patients and methods and PCR products were elec-
trophoresed on 1.5%nusceive gels containing ethidium 
bromide DNA samples amplified using Beggs (Bc) set of 
primers amplifying exons 47-60-52:  Lane 1-2: case 28, 
male BMD patient showing duplication in band 52, Lane 
3-4: control male, Lane 5-6: control female.

a

c

b

d

Figure 3. Immunohistochemical study of muscle biop-
sies using dystrophin antibodies, for cases which had 
neither deletion nor duplication within the dystrophin 
gene. a: mosaic appearance of BMD, b: faint dystrophin 
staining of BMD, c: no staining of DMD, d: normal dys-
trophin staining.
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