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Abstract - Duchenne muscular dystrophy (DMD) is one of the most common human neuromuscular disorders. It is an X-
linked recessive disease caused by a defective dystrophin (DMD) gene. Existing diagnostic assays for the dystrophin gene 
comprise a range of methodologies which are relatively expensive. This study focuses on the investigation of 
genotype-phenotype correlation and DMD carrier status using a 16 exon quantitative multiplex PCR (MPCR) and gene 
dosage analysis of the DMD carrier population in Pakistan. We analyzed nine patients from families with 
neuromuscular disorders of which eight (90%) patients showed deletions in the two known hotspot regions in the DMD 
gene. One  patient  and  his  siblings  showed  no  deletion  in  the  DMD  gene,  suggesting  an  unrelated neuromuscular 
disorder. The carrier status of the mothers of these DMD patients was also revealed by gene dosage analysis. A very 
significant feature of this research is the use, for the first time, of a MPCR technique for DMD gene mutation analysis. Such 
an approach will be invaluable for countries such as Pakistan, where pre-natal diagnostic tests impose a significant 
economic burden. 
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I. INTRODUCTION 
 
Muscular dystrophies (MDs) give rise to 
abnormality in many cellular components: 
structural proteins, signalling molecules and 
enzymes, as well as abnormal mRNA coding or post-
translational modifications of proteins (Davies and 
Nowak 2006). The fatal X-linked recessive 
neuromuscular disorder Duchenne muscular 
dystrophy (DMD) is one of the most common 
genetic disorders affecting children and young 
adults ( E m e r y 1 9 9 1 ;  E m e r y 2 0 0 2 ) . This 
disease affects 1 in 3500 boys who usually become 
wheelchair-dependent at teen-age and die in their 
late teens or twenties due to respiratory failure and 
cardiomyopathy (Nakamura et al. 2008). According to 
previous findings 70% of DMD cases are inherited 
and 30% are due to de novo mutations (Koenig et 
al. 1987; Den Dunnen et al. 1989). The dystrophin 
gene is localized on the X chromosome (Xp21) and 
comprises 79 exons and 8 tissue-specific promoters 
distributed across ~2.2 Mbp of genomic sequence, 
making dystrophin the largest gene yet described 
(Koenig et al.  1987). The major abnormality in 
DMD is the absence of dystrophin, a 427 kDa 
protein. DMD and Becker Muscular Dystrophy 
(BMD) are allelic variants of the dystrophin gene 
which is (Al-Jumah et al.  2002; Bellayou  et al. 
2009) . These neuromuscular disorders are caused 
by disrupting (DMD) or non-disrupting (BMD) the 
reading frame in the dystrophin gene (Tayeb 2010). 
Deletions, point mutations and duplications of the 
dystrophin gene have been described by Mendell 

and others co-workers (Mendell et al. 2001; Prior and 
Bridgeman 2005). Males who inherit such 
mutations are disease affected, whereas females 
are carriers ( D e n  D u n n e n  e t  a l .  1 9 8 9 ) . 
Deletion of exons in dystrophin gene contributes 
60-70% of all mutations (Koenig et al. 1987). A 
previous finding shows that the pattern of deletion is 
diverse in terms of size and location. The dystrophin 
gene has two deletion hot spots; a proximal hot spot 
which spans the region containing exons 1-20, while 
a more active distal hot spot region compromises 
exons 44-53 ( G i l l a r d  e t  a l .  1 9 8 9 ) . 
Worldwide data on dystrophin gene deletions 
indicate that no single exon region underpins 
DMD, rather that the variation in deleted exon 
regions has a racial basis 
(www.dmd.nl/DMD_deldup.html). Mutational 
analysis of the DMD gene is challenging as a means 
of diagnosis of DMD patients and potential carriers 
due to the large size of the gene, the high 
recombination rate, mutational diversity and de 
novo mutation. Furthermore, there is no clinical 
method for diagnosis of DMD female carriers 
(Munne et al. 1994; Staessen et al. 1996)  . In 
Pakistan and in many underdeveloped countries, the 
incidence of DMD disease not only increases the 
financial load on the families of affected individuals 
but also on the country’s overall healthcare. The 
progress in scientific technology and the 
application of new molecular approaches for DNA 
analysis allow rapid molecular-based diagnosis of 
this disease. However, such techniques are very 
expensive. In contrast multiplex PCR (MPCR) 
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offers a comparatively low cost alternative method 
that has high precision and accuracy. The main 
objective of the research presented here is to plan, 
validate, improve and apply a novel, less 
expensive and highly prospective genomic 
analysis for Duchenne muscular dystrophy in 
patients and carriers in Pakistan. 
 
II. MATERIALS AND METHODS 
 
Patients 
Patients were investigated for diagnosis in the 
National Institute of rehabilitation Medicine Pakistan 
(NIRM). Each patient goes through physical 
examination to confirm the signs of muscular 
dystrophy. Medical and family history of each patient 
was recorded. Age of patients at the time of 
examination ranged from 3-35 years. Pedigree 
analysis of each patient confirmed X-linked mode of 
inheritance. Age of onset of the disease was 5-8 
years. Serum CPK (Creatine Phosphokinase) levels, 
muscle biopsy, electro-myography and nerve 
conduction studies of each patient were carried out.  
Patients (DMD and BMD) were investigated at the 
National Institute of rehabilitation Medicine Pakistan 
(NIRM). Each patient underwent physical 
examination to confirm the signs of muscular 
dystrophy, and medical and family history was 
recorded. The age of patients at the time of 
examination ranged from 3-35 years. Pedigree 
analysis of each patient confirmed an X-linked mode 
of inheritance. Wide range in age of onset of the 
disease was 3-8 years. Serum creatine kinase (CK) 
levels, muscle biopsy, electro-myography and nerve 
conduction studies were carried out for each patient. 
Blood Samples  
Venous blood samples from each patient and 
members of their families were collected using 5 -10 
ml syringes into vacationers containing potassium 
EDTA as an anticoagulant.  
DNA Extraction and multiplex PCR (MPCR) 
 Genomic DNA extraction from venous blood 
samples was performed using a Fermentas genomic 
DNA purification  kit  (K0512)  and  a  Qiagen  
Blood  DNA  extraction  kit  (761133).  DNA was 
quantified by spectrophotometry at 260nm and 
analyzed by gel electrophoresis and captured using a 
Syngene documentation system. The sixteen primers 
used to detect deletions in the DMD gene were 
divided into three multiplex PCR sets according to 
amplicon size (Table 1). The MPCR reaction mixture 
(50 μL) contained 1x PCR Taq buffer (5μL),  4 mM 
MgCl2, 0.2mм dNTPs, Primers (0.3μmoles/μL), Taq 
DNA polymerase (1.25U/50μl), 1 μg/μl template 
DNA made up to volume in sterile deionized H2O. 
Amplification of DNA was, according to the 
following cycling conditions: denaturation at 94 ºC 
for 7 min; 35 cycles of denaturation at 94 ºC for 1 
min, annealing at 49 ºC  for 1 min, extension at 70 ºC  
for 2 min, and final extension at 10 min. The PCR 

products were analysed on 2.5% agarose gel (70 V in 
1X Tris-acetate EDTA etc. add concentrations TAE 
buffer for 90 min). A 100 bp DNA ladder run 
concurrently was used to estimate amplicon lengths.  
Gene dosage analysis by quantitative MPCR 
Quantitative Multiplex PCR (qMPCR) was used for 
gene dosage analysis of DMD carrier females for 
dystrophin gene exons 19, 4 and the promoter region 
(Fig 2). For quantitative analysis the samples were 
subjected to 24-45 cycles. Optimal conditions for 
quantification of amplicons were determined by 
varying PCR cycle number (28, 32, 36, 40 and 44) 
followed by electrophoresis of 20 µL of PCR product 
on 2.5 % agarose gels. DMD non-deleted exons were 
used as controls. In this analysis, exon 4 was used as 
an internal control (because Exon 4 was present in 
DMD patients under observation) while exons 19 and 
the promoter sequence were founded deleted in the 
patients.  To  establish  gene  dosage  analysis,  exon  
4  was  used  as  normalizing  exon  for  gene  dosage 
quantification. Similarly exon 19 and the promoter 
region were used as amplicons because they are 
known to be deleted in DMD patients (DMD1 and 
DMD 8 as shown Table 3). All samples were tested at 
least thrice and gene dosage was assessed by 
quantitative comparison of exon 4 amplicon band 
with deleted exons 19 and promoter band. Non carrier 
healthy female DNA was used as control in each 
multiplex PCR.  
Statistical analysis 
Statistical assessment was carried out using the 
Student’s t-test. 
 
RESULTS 
 
Multiplex-PCR (MPCR) 
Nine families were recruited in this research. 
Conventional PCR techniques were used to 
determine the size of amplicons and ensure 
deletion of exons in DMD gene. Further MPCR 
technique was used to detect deletions. Patients 
were screened by MPCR using sixteen sets of 
primers (Beggs et al. 1990) (Table 1) to cover the 
regions of known intragenic deletion at proximal 
and distal hot spots of the DMD gene. Molecular 
analysis of DNA from DMD patients by three sets 
of MPCR has been done as presented in Fig.1. The 
multiplex analysis of different patients (Table 3) 
indicated large molecular deletions for exons at both 
the proximal hot-spot and distal hot-spot regions of 
the DMD gene. In one of the DMD patients 
(DMD1), blood serum had shown high level of CK 
(4000 IU/µL), MPCR exposed deletion for exons 52, 
13, 19, 22 and promoters (Table 3) and patient was 
completely wheelchair dependent within 8years. His 
clinical history of muscle biopsy demonstrated 
muscle dystrophy and electromyography displayed 
myopathy. He had potential DMD history in family 
because her uncle was died with the same disease. 
Though her mother was asymptomatic but had 
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normal CK level (Table 2) without fatigue or 
myopathy condition. We also determined her DMD 
carrier status which we have discussed in next section.  
In DMD 8, there was positive family history of 
similar illness in 2 male members in the paternal 
lineage. None of these patients had undergone 
evaluation by a neurologist and muscle biopsy due 
to financial problem. Molecular analysis of DNA 
from a DMD 8 showed a large molecular deletion for 
exons 22, 8, 49, 17, 43, 12 and 19 of the DMD gene. 
His brothers DMD 8A and DMD 8B had positive 
clinical signs of DMD patient, had onset of illness 
between 4 to 6 years of age, had been wheel chair 
dependent at 12 years and bedridden at the age of 16 
years, had high concentrations of creatine kinase and 
LDH, and showed a large molecular deletion for 
exons 17, 12 and 19 of the DMD gene (Table 3). 
Though their mother had asymptomatic i.e. normal 
concentrations of CK and LDH, there was no family 
history of DMD and to see DMD carrier status in 
their mother, we did gene dosage analysis which we 
have described in the next section. In DMD3 case, 
DMD gene analysis indicated deletions at exons 8, 
60, 22, 17, 52 and 49 of the dystrophin gene even 
there was no DMD disease history in his family 
(Table 3). CK levels for this patient were above the 
reference range (210 IU/µL vs 192 IU/µL). The 
patient suffered from muscular dystrophy at the age 
of fifteen and was wheel chair dependent at the 35 
years of age. At this age he was investigated for 
muscle biopsy and electromyography which showed 
muscle dystrophy and typical myopathy respectively 
indicating milder muscular dystrophy disease BMD, 
in which progressive muscle weakness is very slow. 
In another suspected BMD case, all off springs 
suffered with unknown genetic muscular dystrophy 
disease condition. All the males and females offspring 
were physically affected between 12-14 years of age. 
Family patients had not been evaluated by 
neurologist and muscle biopsy was not performed in 
any of these affected members due to pathetic 
financial situation. Molecular analysis of DNA from 
patients showed no molecular deletion of exons of 
the DMD gene. All members of family had 
positive clinical signs i.e. fatigue and/or any 
detectable weakness including clumsiness, falling, 
abnormal gait, toe walking and slow running in the 
absence of positive Gower’s signs but had increased 
level of LDH and CK.  
Over all findings showed that all of these patients 
were not related to BMD disease rather they were 
suffered from another muscular disorder. In summary, 
the results of the molecular analysis of the dystrophin 
gene demonstrated genotype-phenotype correlation in 
DMD. MPCR results coincide with their clinical 
data of DMD patients e.g. they were wheel chair 
dependent and had high level of CK and LDH 
(Summarized in Table 3). DMD patients have no 
family history of DMD  and  their  mothers  had  no  
sign  and  symptoms  (normal  concentrations  of  

blood  CK),  which  indicate spontaneous mutation in 
these patients.  In this Pakistani DMD patient 
cohort, we identified more deletions in the proximal  
hot-spot  region  (Exons  1-20)  than  the  distal  
hotspot  region  compromising  exons  44-53.  
Although preliminary,  this  data  provides  
significant  information  about  the  relative  mutation  
diversity  in  the  Pakistani population yet statistical 
confirmation of this data analysis will be required a 
larger DMD patient cohort. 
Gene Dosage Analysis to detect female carriers 

  

There is no current therapy for DMD disease. 
Analysis of carrier status is important for counseling 
families following DMD pre-natal diagnosis. In terms 
of carrier status, MPCR is not a definitive analysis 
because females contain two X chromosomes, such 
that a DMD carrier would have one defective allele 
and one normal allele. To address this problem, 
quantitative multiplex PCR (qMPCR) was 
investigated as a method to quantify alleles. To 
analyze the defective allele in female carriers, we 
selected deleted exons (i.e exon 19), promotor and 
successfully amplified exons (i.e exon 4, as internal 
reference) of the DMD gene in DMD patients. The 
ratio of the deleted exons of the DMD patient’s 
mother to the control was analyzed to identify the 
carrier status of this disease by means of gene dosage 
analysis (Minamikawa-Tachino et al. 1993). A half 
control ratio in a female (at risk) indicates that she 
has a single copy of the normal allele which is deleted 
in the patient (offspring) and therefore is a carrier 
(Alcantara et al. 2001). We amplified exon 19 and the 
promoter from a series of duplicate samples, 
containing 1 µg of DNA, from 28 to 44 cycles. 
Electrophoresis analysis of MPCR amplificons was 
documented using the Syngene documentation 
system to obtain high resolution images for 
quantitative analysis. Exon 19 and the promoter 
region were deleted in DMD patients (DMD1 and 
DMD 8). To confirm this, we analyzed the carrier 
status of the DMD patients’ mothers by qMPCR for 
exon 19 and the promoter region.  MPCR results and 
qMPCR analysis revealed a dosage reduction of exon 
19 and the promoter in the carrier mother DMD1A) 
and DMD8C (Fig. 2). Result indicates that DMD8C 
is potential DMD carrier mother while she was 
completely asymptomatic and transferred bad allele 
to her male offspring. Gene dosage analysis of 19 and 
promoter in DMD1A showed that female was not 
carrier of DMD abnormal allele and his boy acquired 
spontaneous mutation in DMD gene. We conclude 
that the gene dosage analysis is useful for 
DMD/BMD heterozygotes gene carrier 
determination, consistent with previous analyses 
using this approach (Abbs and Bobrow 1992; 
Metzker et al. 1995). The dosage determinations 
allow direct analysis for carrier status and 
significantly enhanced carrier studies, particularly in 
the isolated cases of the disease. 
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DISCUSSION 
 
Above study highlights the investigation of a 
Pakistani DMD cohort using a multiplex PCR 
analysis approach. The most effective step in 
prevention of future DMD babies is the early 
detection of DMD female carriers. Although there is 
no cure for DMD, as with other human 
neuromuscular disorders, our main focus was to 
characterize and validate a MPCR technique suitable 
for use in Pakistani DMD patients and potential 
carriers to prevent further DMD patients, where 
people are unable to afford expensive and time-
consuming diagnostic techniques. Deletions of exons 
of the dystrophin gene in patients can be perceived as 
a confirmation of DMD disease. In this study MPCR 
results show deletions in 10 male patients out of 11 
male boys and one male was not related to DMD 
disease which represent 100% results accuracy. 
Among these DMD patients only five have positive 
family history for DMD disease which indicates 
transfer of DMD defective allele from mother to 
offspring. Rest of DMD patients has no positive 
family history for DMD. It means these patient 
acquired DMD disease by spontaneous mutation. In 
the case of female DMD carriers, however, a recent 
study suggests that the mother of an existing DMD 
patient with no apparent signs and abnormal clinical 
history still has a 67-76% chance of being a DMD 
carrier (Hoogerwaard et al. 1999). While DMD is 
considered as a predominantly male disease but 
approximate 20% of female carriers also show 
muscle weakness.  We have established and evaluated 
Gene dosage analysis, a molecular approach for the 
detection of DMD gene deletions and duplications 
both affected males and their female relatives.  In our 
research most of females were asymptomatic but a 
few have increase LDH level. One female show 
absolutely carrier status by gene dosage analysis. Our 
findings indicate that MPCR and gene dosage 
analysis (qMPCR) is a cost effective and robust tool 
for diagnosis of DMD patients and testing female 
carriers of DMD. In this preliminary study, we also 
have found that Pakistani DMD patients exhibit more 
proximal hot spot, than distal hot spot, deletions. 
More extensive studies will be required to confirm 
these findings. Possible preclusion of almost all 
muscular dystrophies is genetic counseling and 

family planning. However, for prevention, a precise 
carrier status diagnosis is necessary. As a developing 
country like Pakistan, in future MPCR can be 
commercially employed as an affordable molecular 
diagnostic tool for different genetic diseases.  The 
principles of this technique can also be applied to 
other diseases in which the major mutations are either 
deletions or duplications.  
Figure Legends 
Figure 1: MPCR amplification of 16 exons of the 
dystrophin gene. Three separate MPCR reactions 
were used to encompass exons indicated to the right 
of each image (exons 8, 22, 60, 4, 49, 12, 43, 17, 52, 
19, 50, 13, 47, 6). Multiplex I (Panel A), multiplex II 
(Panel B) and multiplex III (Panel C). L, 100 bp DNA 
ladder with selected fragment masses in bp indicated 
to the left; C, Control unaffected patient.  
Figure 2: Quantitative MPCR amplification of two 
selected exons in DMD gene i.e. the promoter region 
and exon 19 (which already known to be deleted in 
DMD patients) of the dystrophin gene from DNA of 
patients’ mothers. The sizes of the amplicons were 
estimated by reference to a 100 bp DNA ladder. ( A) 
Gel electropherograms of qMPCR amplicons  from  a  
control  patient  and  two  suspected  DMD  carriers  
(DMD1A  and  DMD8C).  (B)  Graphical 
presentation of gene dosage analysis for exon 19 with 
reference exon 4. (C) Graphical demonstration of 
gene dosage analysis for promotor region with 
reference to exon 4. For gene dosage analysis exon 4 
was used as a normalizing amplicon control. 
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Table 1: Multiplex PCR Sets ofexons amplification 
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