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Abstract  

 

Background / Aim. Duchenne muscular dystrophy (DMD) and Becker muscular 

dystrophy (BMD) are caused by mutations in the dystrophin gene. They are X-linked 

recessive diseases, where males are affected and females are mostly healthy carriers of the 

mutation. It is estimated that 2/3 mothers of DMD probands are carriers, while 1/3 of 

patients have de novo mutations. The aim was to confirm the carrier status of females in the 

families of DMD/BMD probands, using direct genetic methods. Methods. We tested 38 

females from 31 families of DMD/BMD probands with deletion/duplication in the 

dystrophin gene. Also, 4 cases of prenatal diagnosis of DMD/BMD were included. We 

preformed the polymerase chain reaction (PCR) and the multiplex ligation-dependent 

method (MLPA) for deletion detection, i.e. deletion/duplication in the dystrophin gene. 

Results. In 31 DMD/BMD probands, we identified 87.1% deletions and 12.9% 

duplications of one or more exons. Of the 29 tested mothers, mutations were found in 17 

(14 deletions and 3 duplications). Mutations were found in 57.9% (11/19) mothers of DMD 

and in 60% (6/10) mothers of BMD, respectively. Also, in probands with deletions 56% 

(14/25) of mothers were carries and in probands with duplications 3 mothers of 4 (75%). 

Of the 9 other female relatives, mutations were found in 4. In prenatal diagnosis, we 

identified deletion in one male and one female foetus of one mother. Conclusion. The 

study showed that mothers were carriers in almost 60% of sporadic cases of DMD/BMD 

with deletions and duplication. Also, the carrier frequency tended to be higher in mothers 

of the probands with duplication (75%) then in probands with deletions (56%). In the case 

of a mother who was confirmed as a carrier, deletion was detected in 2 of 3 foetuses. 

 

Key words: dystrophinopathies, MLPA method, female carriers, prenatal diagnosis.  

 

 

 

 

 

 



  

4 

 

Apstrakt 

Uvod / Cilj. Dišenova mišićna distrofija (DMD) i Bekerova mišićna distrofija (BMD) su 

uzrokovane mutacijama u genu za distrofin. To su X-vezane recesivne bolesti, gde 

oboljevaju muškarci a žene su uglavnom zdravi prenosioci mutacije. Procenjeno je da su 

kod DMD probanada 2/3 majki nosioci, dok 1/3 pacijenata ima novu mutaciju. Cilj rada je 

bio da se utvrdi status prenosioca kod žena u porodicama obolelih od DMD/BMD, 

primenom direktne genetičke metode. Metode. Testirali smo 38 žena iz 31 porodice 

DMD/BMD probanada sa delecijama i duplikacijama u genu za distrofin. Takođe, u studiju 

su bila uključena i 4 slučaja prenatalne DMD/BMD dijagnoze. Primenjene su metoda 

lančane reakcije polimerizacije (PCR) i metoda višestrukog umnožavanja vezanih proba 

(MLPA) za detekciju delecija, odnosno delecija i duplikacija u genu za distrofin. Rezultati. 

Kod 31-og DMD/BMD probanda utvrđeno je 87,1% delecija i 12,9% duplikacija jednog ili 

više egzona. Od 29 testiranih majki probanada, mutacije su nađene kod njih 17 (14 delecija 

i 3 duplikacije). Mutacije su nađene kod 57,9% (11/19) majki probanada sa DMD 

fenotipom i kod 60% majki probanada sa BMD. Takođe, kod probanada sa delecijom 56% 

(14/25) majki su potvrđene kao nosioci, a kod probanada sa duplikacijom 3 od 4 majke 

(75%). Od preostalih 9 ženskih srodnika, mutacije su nađene kod nijh 4. Prenatalnom 

dijagnostikom utvrđene su delecije kod jednog muškog i jednog ženskog ploda iste majke. 

Zaključak. Istraživanje je pokazalo da su majke bile nosioci u skoro 60% izolovanih 

DMD/BMD slučajeva sa delecijama i duplikacijama. Takođe, učestalost majki nosioca kod 

probanada sa duplikaciom (75%) se pokazala većom nego kod majki probanada sa 

delecijom (56%). U slučaju majke koja je bila potvrđena kao nosilac, delecija je otkrivena 

kod njena 2 ploda od 3 ispitana. 

 

Ključne reči: distrofinopatije, MLPA metoda, žene prenosioci, prenatalna dijagnoza. 

 

 

 

 

 

 



  

5 

 

Introduction  

 

Duchenne muscular dystrophy (DMD) and Becker muscular dystrophy (BMD) are diseases 

that result from mutations in the dystrophin gene (DMD gene, Xp21.1). Duchenne 

muscular dystrophy is the most severe form of the dystrophinopathies, because of the 

missing protein dystrophin. The incidence of DMD is 1:3500 in live-born males and it is 

characterized by an early onset (about the second year of life), with the progressive 

weakness of skeletal and cardiac muscles, with a fatal outcome in the early twenties [1]. 

Becker's muscular dystrophy occurs 10 times more rarely and represents a milder form of 

the disease that manifests mostly around the age of 10, with variability in the clinical 

features - from practically asymptomatic forms to severe forms such as DMD. 

 

The DMD gene is the largest human gene, its 2.4MB in size, and shows a high rate of 

spontaneous mutations [2]. The changes that occur in the DMD gene are 

deletions/duplications of one or more exons in 80% of patients, while mutations of less 

than one exon are present in 20% of patients (point mutations, microdeletions, 

microinsertions, and splice site mutations) [3]. The most common mutations in the DMD 

gene are deletions (65-75%) that show specific distribution in the gene, appearing in the so-

called “hot spots”, exons 2-20 (the proximal part of the gene) and exons 45-55 (the distal 

part of the gene) [4]. Duplications are present in 5-15% of cases and can affect any part of 

the gene, more often the proximal part [5]. It has been estimated that two-thirds of DMD 

are familial cases, while one-third of the patients have de novo mutations [6]. Also, 

duplications and point mutations are more likely to be family cases [7].  

 

Duchenne and Becker muscular dystrophies are monogenic diseases, where males as 

hemizygous are affected, while female are generally phenotypically healthy heterozygous 

carriers of the mutation. According to the X-linked recessive inheritance model, the 

affected father passes the mutated allele to his daughters, who will be phenotypically 

healthy carriers of the disease. A woman, who is a heterozygous carrier of a mutation, has a 

50% chance that her daughter inherits a risky X-chromosome and becomes a carrier, or 

50% chance that her sons will inherit that chromosome and become ill. In classical 

literature, based on family history, women are defined as obligatory, probable and possible 
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carriers of the mutation [8]. According to the risk we have described, it is important to 

detect women who are phenotypically healthy carriers of the mutation, using molecular 

genetic testing. The multiplex ligation-dependent method (MLPA) is a direct molecular 

genetic method that allows a quantitative analysis of all 79 exons of DMD gene and the 

detection of deletions and duplications in the probands as well as the female carriers of the 

mutations [9-12]. In addition to direct gene analysis, in cases without deletion or 

duplication in the probands, an indirect method of gene analysis is applied, which is 

important in 20-30% of cases resulting in point mutations. Indirect analysis is based on a 

linkage analysis and implies that it follows the inheritance of polymorphic DNA markers, 

located within or near the DMD gene, indirectly determining whether a particular family 

member has inherited a mutation or not. However, indirect detection of mutations has its 

own limitations, which relate to the possibility of recombination within the gene, i.e. within 

the analysed region, as well as on the limited information markers [13-16].  

 

The aim of the work 

The aim of this paper was to confirm the carrier status of females in the families of 

DMD/BMD probands, using direct genetic methods. 

 

Methods 

Patient samples 

The sample consisted of 38 female members (29 mothers and 9 other female relatives) 

from families of 19 DMD and 12 BMD probands with confirmed deletion/duplication in 

the dystrophin gene. All the cases of those affected were sporadic, except for one family 

with two affected sons (only one was analysed in the study). In 25 cases, only the mother of 

the patient was examined, and in 6 cases the mothers and/or other female relatives of the 

patient were examined. In addition, 4 cases of prenatal diagnosis of DMD/BMD were 

included in the study. 

The study was approved by the Ethics Committee of the Medical School, University of 

Belgrade. The study was carried out at the Neurology Clinic, KCS, Belgrade, and at the 

Institute of Human Genetics, School of Medicine, University of Belgrade. Patients were 

selected based on clinical parameters: the onset of the disease, the clinical features, EMG 

findings and elevated levels of keratin-phospho kinase. The genomic DNA for analysis was 
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isolated from the peripheral blood lymphocytes of the subjects, using the isolation method 

according to standard procedure [17]. For prenatal diagnosis, the DNA was isolated from 

chorionic samples using a commercial kit (Qiagen DNA mini kit). 

 

Genetic analysis of the patient and their female relatives 

In the probands, we previously applied the polymerase chain reaction (PCR) and/or the 

multiplex ligation-dependent method (MLPA) for deletion detection, i.e. 

deletion/duplication in the dystrophin gene [18, 11]. Also, MLPA method was applied for 

detection of deletion/duplication in female carriers. For prenatal diagnosis of DMD/BMD 

mutations, after the determination of the sex, the PCR method was used on two male and 

one female foetus, while the MLPA method was used on one female foetus. 

 

MLPA: In the MLPA analysis, two complementary SALSA MLPA kits P034 and P035 

(MRC Holland, the Netherlands) were used, according to the protocol recommended by the 

manufacturer [19]. The analysis was carried out using an ABI Thermal Cycler Verity and 

an ABI 3500 Genetic Analyser, and the software was processed using the Coffalyser.Net 

program (MRC Holland). 

 

PCR analysis: For the PCR analysis of 26 exons of the dystrophin gene, three sets of 

primers, A, B, and C, were used [18]. The PCR products were analysed using 8% 

polyacrylamide gel and the nucleic acid electrophoresis standard procedure. 

 

Statistical analysis: For statistical analysis, frequencies and percentages were used as 

descriptive statistics. 

 

Results 

 

Results of genetic analysis in DMD/BMD probands: 

 

In 19 DMD and 12 BMD (N = 31) probands with major changes in the DMD gene, 

deletions were identified in 27 (87.1%), and duplications in 4 (12.9%). The most frequent 

localization of deletion/duplication was in the “hot spots” of the DMD gene, 22.6% in the 
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proximal part of the gene (exons 2-20), and 61.3% in the distal part of the gene (exons 45-

55), while 5 (16.1%) mutations were outside the predilection regions of the gene. In 

patients with the DMD phenotype, 15 deletions and 4 duplications were identified, while 

deletions were found in all patients with the BMD phenotype (Table 1). 

 

Results of genetic analysis in mothers of DMD/BMD probands: 

 

Of the 29 tested mothers of 19 DMD and 10 BMD probands, mutations in the DMD gene 

were found in 58.6% (17/29). Deletions were found in 82.4% (14/17) and duplications in 

17.6% (3/4). All the mutations found in mothers who were carriers were the same as in 

their affected sons, except in two cases where one mutation was larger, and the other 

smaller (Table 2). 

 

In relation to the phenotype of the probands, mutations were found in 57.9% (11/19) of 

mothers whose sons had a DMD phenotype, and 60% (6/10) of mothers whose sons had a 

BMD phenotype. 

 

In relation to the type of mutation, in probands with deletions, mothers were carries in 56% 

(14/25) of cases, and in probands with duplications, in 75% (3/4) of cases. 

 

Results of genetic analysis in other female relatives: 

 

Of the 9 other female relatives of the DMD/BMD probands (5 sisters of 2 DMD and 1 

BMD probands, 1 grandmother of a DMD proband, 1 niece whose uncle was a BMD 

proband, and 2 daughters whose father was a BMD proband), mutations were found in 4 

(Table 2): 

 

Case no. 5: DMD grandson/grandmother (mother's line) (deletions in exons 49, 50). 

Case no. 20: BMD uncle/niece (deletions in exons 45-47) 

Case no. 31: BMD father/two daughters (deletions in exon 13); the affected father has a 

third daughter who was not tested for carrier status. 

From the tested sisters of the probands, not one was confirmed as a carrier. 
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Results of prenatal testing: 

 

A prenatal diagnosis was performed in two of the three daughters whose father suffered 

from BMD (deletion of exon 13). A prenatal diagnosis was performed in one daughter, 

tested and confirmed as a carrier (case 31, Table 2), and in another daughter not previously 

tested on the carrier status. 

 

In the first case, in three pregnancies the PCR method confirmed the deletion of exon 13 in 

one male foetus, while there was no deletion in the other male foetus. In the third – a 

female foetus, the MLPA method confirmed heterozygous deletion in exon 13 (carrier). 

 

In the second case, the PCR method did not confirm homozygous deletion in the female 

foetus, but it is still possible that the female foetus is a heterozygous carrier of the deletion. 

 

Discussion 

 

Our study included 19 DMD (mean age 8.5) and 12 BMD probands (mean age 28.5), 

where deletions or duplications were found in the DMD gene, using PCR and/or MLPA 

methods. The incidence of 87.1% deletions and 12.9% duplications, which were 

established in our sample, correspond to data in literature [3]. In relation to the PCR 

method, the MLPA method revealed 3 larger deletions, 4 deletions outside of the “hot 

spots” in the gene and 4 duplications in the probands, which confirms the effectiveness of 

the MLPA method in the detection of deletions/duplications in the dystrophin gene [11, 20-

22]. The largest number of mutations was localized in the distal part of the gene (exons 45-

55) in 61.3% (19/31) of cases, which is the most common localisation of 

deletions/duplications in sporadic DMD/BMD cases [23]. 

 

In order to analyse the status of the carriers, a total of 38 female members from the proband 

families were tested. Of the 29 DMD/BMD tested mothers, a mutation of the DMD gene 

was found in 58.6% (17/29) of cases, which is similar to the results of other authors [24]. In 
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82.4% (14/17) of mothers, we discovered deletion, and in 17.6% (3/17) duplication. 

Mutations found in mothers were the same as their affected sons, except in two cases.  

 

In sporadic DMD cases, it was estimated that 2/3 mothers were carriers of the mutation, 5-

10% had gonadal mosaicism, while 25-30% had no mutation. In our study, in sporadic 

DMD cases, the mother was confirmed as carrier in 57.9% (11/19) of cases, a lower value 

than the estimated 2/3. Other authors also found this percentage to be lower than expected 

and that the detection of female carriers of the mutation, as well as the possibility of 

prenatal diagnosis, has led to a reduction in the number of children born from carrier 

mothers [25, 26]. In the sporadic BMD cases of our sample 60% (6/10) of the mothers were 

carriers, which is lower than expected, since the midler form of disease in BMD patients 

allows them to have offspring and transfer the risky X chromosome to their daughters, who 

transfer it to the next generation. For example, Lee et al. found that the mothers of BMD 

probands were carriers in 89.5% of cases [26]. In relation to the type of mutation in the 

probands, for deletions we established that mothers were carriers in 56% (14/25) of cases, 

and for duplications in 75% (3/4) of cases. This finding is in accordance with the above, i.e. 

the risk of a mother being a carrier is greater for certain types of mutations [7, 27]. 

 

Of the other female relatives of the probands, mutations were present in 4 out of 9 cases. 

As there were known mutations in the probands, based on MLPA findings in female 

relatives, we could conclude if they are carriers or not. However, in familial cases when the 

mutation cannot be identified, for a mother who is an obligatory carrier there is a 50% risk 

that her daughter is also a carrier. A negative MLPA finding reduces the risk of the 

daughter being a carrier to 26.5%, and if the further analysis of gene sequencing is also 

negative, her risk of being a carrier is 3% [28]. 

 

Also, in our study, a prenatal diagnosis was performed on two of the three daughters whose 

father had BMD (Table 2, Case 31). Two daughters were tested for carrier status and were 

positive, while one was not tested. A prenatal diagnosis in three pregnancies was carried 

out on one daughter (confirmed carrier) - a deletion was found in one male foetus and one 

female foetus (carrier), while one male foetus was healthy. In the case of a daughter who 

was not tested, but also considered to be a obligatory carrier, homozygous deletion was not 
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confirmed in the female foetus (Figure 1), which does not exclude the possibility of being a 

heterozygous carrier. 

 

In some countries it is recommended that testing for carrier status is performed when the 

female child reaches the age to decide on testing independently, which is in line with 

ethical principles. However, experience shows that in the Netherlands, for example, 78% of 

girls over 16 years of age have not yet been tested, and the probable cause is that the 

average age of motherhood is about 28 years of age, so they are tested later [29], while 1/3 

of potential carriers are not tested at all [30]. It has been found that only 52.7% of women 

at risk for DMD/BMD were tested for carrier status before conception [31]. It should be 

kept in mind that, in addition to the risk of bearing affected offspring, 10% of female 

carriers develop cardiomyopathy [32,33], so early detection of carrier status would allow 

adequate cardiac monitoring of these women, which is recommended from the age of 16 

[34]. In our environment, it is practice for parents to decide on testing carriers even 

prenatally. It is therefore of great importance to inform members of families affected by 

DMD/BMD about the nature of the disease, its inheritance and possible risks, as well as 

about the method of testing and possible prevention.  

 

In our sample, 41.4% (12/29) of mothers were not confirmed as carriers, suggesting that 

mutation in the probands was new. Previously it was mentioned that 1/3 mutations in the 

DMD probands were de novo. This occurrence is explained by an early fatal outcome in 

DMD patients, which leads to the elimination of 1/3 mutations from the population, but this 

number is offset by the emergence of new mutations in the next generation [2]. It was 

found that de novo mutations are the most common deletions originating in oogenesis, 

while duplications and point mutations are mainly due to events during spermatogenesis 

[35, 28]. The problem is that de novo mutation in the DMD gene is clinically diagnosed 

only after the child experiences symptoms (about the second year at DMD, later at BMD), 

and at a molecular level, sometimes significantly later - as our sample shows. It is 

particularly difficult when a second male child is born before the diagnosis of an older 

brother is confirmed.  
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Modern molecular genetic tests have enabled the reliable detection of carrier status. In 

familial cases of DMD/BMD, detection of the mutation in probands and testing for carrier 

status in female members in the family, enables the determination of risk in the progeny 

and the provision of adequate genetic advice. In sporadic cases, when a mother has one 

affected son, the risk of recurrence depends on whether she is a carrier of the mutation or 

not. If molecular analysis of the mother does not determine the presence of mutation in 

somatic cells, the risk of recurrence is significantly reduced. However, when giving genetic 

advice, it should be noted that in 10-15% of cases there may be gonadal mosaicism in the 

mother, and the smallest calculated risk is 4.3% [36]. When it comes to de novo mutations, 

they remain the biggest problem. The solution could be the introduction of screening for 

prenatal detection of mutations in the DMD gene in the male foetuses, but there is still no 

consensus in the literature for this. 

 

Conclusion 

 

In 31 DMD/BMD probands, we identified 87.1% deletions and 12.9% duplications of one 

or more exons. Mothers were confirmed as carriers in almost 60% of sporadic DMD/BMD 

cases with deletions and duplications (mutations were found in 57.9% mothers of DMD 

probands, and in 60% mothers of BMD). Also, the carrier frequency tended to be higher in 

mothers of the probands with duplication (75%) then in mothers of the probands with 

deletions (56%). Of the 9 other female relatives, mutations were found in 4. In the case of a 

mother who was confirmed as a carrier, deletion was detected in 2 of 3 foetuses. These 

results point to the importance and need to determine mutations in probands, as well as the 

status of the carrier of the mutation of women in families with Duchenne and Becker 

muscular dystrophies, which will allow individuals and other family members to receive 

adequate genetic advice. 

 

Acknowledgements 

This work is supported by grants ON175083 and ON175091, funded by Serbian Ministry 

of Education, Science and Technological Development. 

 



  

13 

 

References  

 

1. Emery AE. Duchenne muscular dystrophy or Meryon's disease. Lancet 2001; 

357(9267):1529. 

2. Haldane JSB. The rate of spontaneous mutation of a human gene. 1935. J 

Genet 2004; 83(3):235-44. 

3. Bladen CL, Salgado D, Monges S, Foncuberta ME, Kekou K, Kosma K, at al. 

The TREAT-NMD DMD Global Database: Analysis of More than 7,000 

Duchenne Muscular Dystrophy Mutations. Human Mutation 2015; 36:395-402. 

4. Muntoni F, Torelli S, Ferlini A. Dystrophin and mutations: one gene, several 

proteins, multiple phenotypes. Lancet Neurol 2003; 2(12):731–740. 

5. Kesari A, Pirra LN, Bremadesam L, McIntyre O, Gordon E, Dubrovsky AL, at 

al. Integrated DNA, cDNA, and protein studies in Becker muscular dystrophy 

show high exception to the reading frame rule. Hum Mutat 2008; 29(5):728–

737.  

6. Mukherjee M, Chaturvedi LS, Srivastava S, Mittal RD and Mittal B. De novo 

mutations in sporadic deletional Duchenne muscular dystrophy (DMD) cases. 

Experimental and Molecular Medicine 2003; 35(2):113-117. 

7. Murugan SMS, Arthi C, Thilothammal N, and Lakshmi
 
BR. Carrier detection in 

Duchenne muscular dystrophy using molecular methods. Indian J Med Res 

2013; 137(6):1102–1110. 

8. Maroni G. Molecular and Genetics Analysis of Human Traits. Blackwell 

Science Inc; 1 edition (January 15, 2001) ISBN-10: 0-632-04369-5  

9. Schouten JP, McElgunn CJ, Waaijer R, Zwijnenburg D, Diepvens F, and Pals 

G.
. 
Relative quantification of 40 nucleic acid sequences by multiplex ligation-

dependent probe amplification. Nucleic Acids Res 2002; 30(12):e57. 

10. Schwartz M, Duno M. Improved molecular diagnosis of dystrophin gene 

mutations using the multiplex ligation-dependent probe amplification method. 

Genet Test 2004; 8:361-367. 

11. Lalić T, Vossen R HAM, Cofa J, Schouten JP, Guc-Scekic M, Radivojevic D, at 

al. Deletion and duplication screening in the DMD gene using MLPA. Eur J 

Hum Genet 2005; 13:1231-1234. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Emery%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11383539
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pirra%20LN%5BAuthor%5D&cauthor=true&cauthor_uid=18348289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bremadesam%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18348289
https://www.ncbi.nlm.nih.gov/pubmed/?term=McIntyre%20O%5BAuthor%5D&cauthor=true&cauthor_uid=18348289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gordon%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18348289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dubrovsky%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=18348289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sakthivel%20Murugan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23852291
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arthi%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23852291
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thilothammal%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23852291
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lakshmi%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23852291
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3734715/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schouten%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=12060695
https://www.ncbi.nlm.nih.gov/pubmed/?term=McElgunn%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=12060695
https://www.ncbi.nlm.nih.gov/pubmed/?term=Waaijer%20R%5BAuthor%5D&cauthor=true&cauthor_uid=12060695
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zwijnenburg%20D%5BAuthor%5D&cauthor=true&cauthor_uid=12060695
https://www.ncbi.nlm.nih.gov/pubmed/?term=Diepvens%20F%5BAuthor%5D&cauthor=true&cauthor_uid=12060695
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pals%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12060695
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC117299/


  

14 

 

12. Piko H, Vancso V, Nagy B, Ban Z, Herczegfalvi A, Karcagi V. Dystrophin gene 

analysis in Hungarian Duchenne/Becker muscular dystrophy families – 

detection of carrier status in symptomatic and asymptomatic female relatives. 

Neuromuscular Disord 2009; 19:108-112. 

13. Carsana A, Frisso G, Tremolaterra MR, Ricci E, De Rasmo D, and Salvatore 

F. A Larger Spectrum of Intragenic Short Tandem Repeats Improves Linkage 

Analysis and Localization of Intragenic Recombination Detection in the 

Dystrophin Gene. An Analysis of 93 Families from Southern Italy. J Mol Diagn 

2007; 9(1):64–69. 

14. Delgado-Luengo WN, Borjas-Fuentes L, Zabala-Fernández W,                         

Fernández-Salgado E, Solís-Añez E, Chávez C, at al. Carrier detection of 

Duchenne/Becker muscular dystrophy by analysis of STRs loci linked to the 

gene of dystrophin in Venezuelan families. Invest Clin 2002; 43(4):239-54. 

15. Kruyer H, Miranda M, Volpini V, Estivill X. Carrier detection and microsatellite 

analysis of Duchenne and Becker muscular dystrophy in Spanish families. 

Prenat Diagn 1994; 14(2):123-30. 

16. Taylor PJ, Maroulis S, Mullan GL, Pedersen RL, Baumli A, Elakis G, at al. 

Measurement of the clinical utility of a combined mutation detection protocol 

in carriers of Duchenne and Becker muscular dystrophy. J Med Genet 2007; 

44(6):368–372. 

17. Miller SA, Dykes DD, and Polesky HF. A simple salting out procedure for 

extracting DNA from human nucleated cells. Nucleic Acids Research 1988; 

16(3):1215. 

18. Chamberlain JS, Gibbs RA, Rainer JE, Caskey CT. Multiplex PCR for the 

diagnosis of Duchenne muscular dystrophy. Innis MA, Gelfand DH, Sninsky 

JJ, White TJ, eds. PCR Protocols: A Guide to Methods and Applications. 

Academic Press New York 1990; 272-281. 

19. MRC-Holland – Start Page. MLPA protocols. https://www.mlpa.com; last visit 

23. September, 2018. 

20. Kohli S, Saxena R, Tomas E, Singh J, Verma IC. Gene changes in Duchenne 

muscular dystrophy: Comparasion of multiplex PCR and multiplex ligation-

dependent probe amplification techniques. Neurol India 2010; 58:852-856. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Carsana%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17251337
https://www.ncbi.nlm.nih.gov/pubmed/?term=Frisso%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17251337
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tremolaterra%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=17251337
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ricci%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17251337
https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Rasmo%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17251337
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salvatore%20F%5BAuthor%5D&cauthor=true&cauthor_uid=17251337
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1867430/
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Delgado-Luengo%20WN%5BAuthor%5D&sort=ac&from=/12520997/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Borjas-Fuentes%20L%5BAuthor%5D&sort=ac&from=/12520997/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Zabala-Fern%C3%A1ndez%20W%5BAuthor%5D&sort=ac&from=/12520997/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Fern%C3%A1ndez-Salgado%20E%5BAuthor%5D&sort=ac&from=/12520997/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Sol%C3%ADs-A%C3%B1ez%20E%5BAuthor%5D&sort=ac&from=/12520997/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Ch%C3%A1vez%20C%5BAuthor%5D&sort=ac&from=/12520997/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Kruyer%20H%5BAuthor%5D&sort=ac&from=/7910399/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Miranda%20M%5BAuthor%5D&sort=ac&from=/7910399/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Volpini%20V%5BAuthor%5D&sort=ac&from=/7910399/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Estivill%20X%5BAuthor%5D&sort=ac&from=/7910399/ac
https://www.ncbi.nlm.nih.gov/pubmed/?term=Taylor%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=17259292
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maroulis%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17259292
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mullan%20GL%5BAuthor%5D&cauthor=true&cauthor_uid=17259292
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pedersen%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=17259292
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baumli%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17259292
https://www.ncbi.nlm.nih.gov/pubmed/?term=Elakis%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17259292
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2740880/
https://www.mlpa.com/


  

15 

 

21. Sansović I, Barišić I, Dumić K. Improved detection of deletions and 

duplications in DMD gene using multiplex ligation-dependent probe 

amplification (MLPA) method. Biochem Genet 2013; 51(3-4):189-201. 

22. Songol A, Saberipour B and Bavarsad A. Comparison of multiplex ligation-

dependent probe amplifi cation (MLPA) analysis versus multiplex PCR assays 

in the detection of dystrophin gene. Biotech Res Comm 2016; 9(1): 128-131.  

23. Basak J, Dasgupta UB, Mukherjee SC, Das SK, Senapati AK, Banerjee TK. 

Deletional mutations of dystrophin gene and carrier detection in eastern 

India. Indian J Pediatr 2009; 76:1007–12.  

24. Dastur RS, Kachwala MY, Khadilkar SV, Hegde MR, Gaitonde PS. 

Identification of deletions and duplications in the Duchenne muscular 

dystrophy gene and female carrier status in western India using combinated 

methods of multiplex polymerase chain reaction and multiplex ligation-

dependent probe amplification. Neurol India 2011; 59(6):803-9. 

25. Murugan SMS, Arthi C, Thilothammal CN, and Lakshmi BR. Carrier detection 

in Duchenne muscular dystrophy using molecular methods. Indian J Med Res 

2013; 137(6):1102–1110. 

26. Lee T, Takeshima Y,
 
Kusunoki N, Awano H, Yagi M, Matsuo M, and Iijima K. 

Differences in carrier frequency between mothers of Duchenne and Becker 

muscular dystrophy patients. J Hum Genet 2014; 59(1):46–50. 

27. Grimm T, Meng G, Liechti-Gallati S, Bettecken T, Müller CR, and Müller B. 

On the origin of deletions and point mutations in Duchenne muscular 

dystrophy: most deletions arise in oogenesis and most point mutations result 

from events in spermatogenesis. J Med Genet 1994; 31(3):183–186. 

28. Grimm T, Kress W, Meng G, and Müller CR. Risk assessment and genetic 

counseling in families with Duchenne muscular dystrophy. Acta Myol 2012; 

31(3):179–183. 

29. Helderman-van den Enden ATJM, Madan K, Breuning MH,  van der Hout 

AH, Bakker E, de Die-Smulders CEM, Ginjaar HB. An urgent need for a 

change in policy revealed by a study on prenatal testing for Duchenne 

muscular dystrophy. European Journal of Human Genetics 2013; 21:21–26. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Sakthivel%20Murugan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23852291
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arthi%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23852291
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thilothammal%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23852291
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lakshmi%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23852291
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3734715/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24225992
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takeshima%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24225992
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kusunoki%20N%5BAuthor%5D&cauthor=true&cauthor_uid=24225992
https://www.ncbi.nlm.nih.gov/pubmed/?term=Awano%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24225992
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yagi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24225992
https://www.ncbi.nlm.nih.gov/pubmed/?term=Matsuo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24225992
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3970902/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grimm%20T%5BAuthor%5D&cauthor=true&cauthor_uid=8014964
https://www.ncbi.nlm.nih.gov/pubmed/?term=Meng%20G%5BAuthor%5D&cauthor=true&cauthor_uid=8014964
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liechti-Gallati%20S%5BAuthor%5D&cauthor=true&cauthor_uid=8014964
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bettecken%20T%5BAuthor%5D&cauthor=true&cauthor_uid=8014964
https://www.ncbi.nlm.nih.gov/pubmed/?term=M%26%23x000fc%3Bller%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=8014964
https://www.ncbi.nlm.nih.gov/pubmed/?term=M%26%23x000fc%3Bller%20B%5BAuthor%5D&cauthor=true&cauthor_uid=8014964
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1049738/
https://www.ncbi.nlm.nih.gov/pubmed/?term=M%26%23x000fc%3Bller%20B%5BAuthor%5D&cauthor=true&cauthor_uid=8014964
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3631803/
https://www.nature.com/articles/ejhg2012101#auth-1
https://www.nature.com/articles/ejhg2012101#auth-2
https://www.nature.com/articles/ejhg2012101#auth-3
https://www.nature.com/articles/ejhg2012101#auth-4
https://www.nature.com/articles/ejhg2012101#auth-5
https://www.nature.com/articles/ejhg2012101#auth-6
https://www.nature.com/articles/ejhg2012101#auth-7


  

16 

 

30. Helderman‐van den Enden ATJM, van den Bergen JC, Breuning MH, 

Verschuuren JJGM, Tibben A, Bakker E, Ginjaar HB. Duchenne/Becker 

muscular dystrophy in the family: have potential carriers been tested at a 

molecular level? Clinical Genetics 2011; 79(3):236-242. 

31. Massalska D, Zimowski JG, Roszkowski T, Bijok J, Pawelec M, Bednarska‐

Makaruk M. Prenatal diagnosis of Duchenne and Becker muscular dystrophies: 

Underestimated problem of the secondary prevention of monogenetic 

disorders. The Journal of Obstetrics and Gynecology Research 2017; 43(7): 

1111-1121.  

32. van Westrum SM, Hoogerwaard EM, Dekker L, Standaar TS, Bakker E, Ippel 

PF, et al. Cardiac abnormalities in a follow-up study on carriers of Duchenne 

and Becker muscular dystrophy. Neurology 2011; 77:62–66. 

33. Mercier S, Toutain A, Toussaint A, Raynaud M, de Barace C, Marcorelles P, at 

al. Genetic and clinical specificity of 26 symptomatic carriers for 

dystrophinopathies at pediatric age. Eur J Hum Genet 2013; 21(8):855-63. 

34. Bushby K, Muntoni F, Bourke JP. 107th ENMC international workshop: the 

management of cardiac involvement in muscular dystrophy and myotonic 

dystrophy. 7th–9th June 2002, Naarden, the Netherlands. Neuromuscul Disord 

2003; 13:166–172. 

35. Mukherjee M, Chaturvedi LS, Srivastava S, Mittal RD and Mittal B. De novo 

mutations in sporadic deletional Duchenne muscular dystrophy (DMD) cases. 

Experimental and Molecular Medicine 2003; 35(2):113-117. 

36. Helderman-van den Enden AT, de Jong R, den Dunnen JT, Houwing-

Duistermaat JJ, Kneppers AL, Ginjaar HB, at al. Recurrence risk due to germ 

line mosaicism: Duchenne and Becker muscular dystrophy. Clin Genet 2009; 

75(5):465-72. 

 

 

 

 

 

 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Helderman-van+den+Enden%2C+ATJM
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=van+den+Bergen%2C+JC
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Breuning%2C+MH
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Verschuuren%2C+JJGM
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Tibben%2C+A
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Bakker%2C+E
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Ginjaar%2C+HB
https://onlinelibrary.wiley.com/toc/13990004/2011/79/3
https://obgyn.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Zimowski%2C+Janusz+Grzegorz
https://obgyn.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Roszkowski%2C+Tomasz
https://obgyn.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Bijok%2C+Julia
https://obgyn.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Pawelec%2C+Magdalena
https://obgyn.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Bednarska-Makaruk%2C+Ma%C5%82gorzata
https://obgyn.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Bednarska-Makaruk%2C+Ma%C5%82gorzata
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mercier%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23299919
https://www.ncbi.nlm.nih.gov/pubmed/?term=Toutain%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23299919
https://www.ncbi.nlm.nih.gov/pubmed/?term=Toussaint%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23299919
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raynaud%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23299919
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Barace%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23299919
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marcorelles%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23299919
https://www.ncbi.nlm.nih.gov/pubmed/23299919
https://www.ncbi.nlm.nih.gov/pubmed/?term=Helderman-van%20den%20Enden%20AT%5BAuthor%5D&cauthor=true&cauthor_uid=19475718
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Jong%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19475718
https://www.ncbi.nlm.nih.gov/pubmed/?term=den%20Dunnen%20JT%5BAuthor%5D&cauthor=true&cauthor_uid=19475718
https://www.ncbi.nlm.nih.gov/pubmed/?term=Houwing-Duistermaat%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=19475718
https://www.ncbi.nlm.nih.gov/pubmed/?term=Houwing-Duistermaat%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=19475718
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kneppers%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=19475718
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ginjaar%20HB%5BAuthor%5D&cauthor=true&cauthor_uid=19475718
https://www.ncbi.nlm.nih.gov/pubmed/19475718


  

17 

 

Table 1 

Genetic analysis in DMD/BMD probands  

phenotype deletion duplication total 

Duchenne 

Becker 

15 

12 

4 

/ 

19 

12 

 

Table 2 

Mutations found in probands and their female relatives  

Phenotype 

of proband 

Age of 

proband Mutation/proband Mutation/mother 

Mutation /other female 

relatives 

1-DMD 19 del*1 no del/dupl   

2-DMD 8 dupl† 8-16 no del/dupl 

 3-DMD 5 del 25-43 no del/dupl 

 4-DMD 2 del 50 no del/dupl 

 5-DMD 6 del 49,50 del 49,50 grandmother - del 49,50 

6-DMD 9 del 45-52 del 45-52 

 7-DMD 12 del 1, DP427c del 1, DP427c 

 8-DMD / del 59 del 59 

 9-DMD 7 del 35-52 del 35-52 

 10-DMD 21 dupl 2 dupl 2 sister 1, 2 - no del/dupl 

11-DMD 16 del 45-50 no del/dupl 

 12-DMD 6 del 46-50 no del/dupl 

 13-DMD 6 del 44 no del/dupl 

 14-DMD 2 del 33,34 del 33,34 

 15-DMD 9 dupl 18-42 i 45-48 dupl 18-42 i 45-48 

 16-DMD 7 dupl 52-62 dupl 52-62  

 17-DMD 6 del 12-19 no del/dupl 

 18-DMD 4 del 46-52 del 46-55 

 19-DMD 9 del 3-15 del 3-15 sister - no del/dupl 

20-BMD 34 del 44-48 

 

niece – del 45-47 

21-BMD 38 del 44-49 del 45-47 

 22-BMD 34 del 48 del 48 

 23-BMD 33 del 45-47 del 45-47 

 24-BMD 24 del 45-49 no del/dupl 

 25-BMD 22 del 45-49 no del/dupl 

 26-BMD 30 del 45-48 del 45-48 

 27-BMD 32 del 45-48 del 45-48 
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28-BMD 14 del 9-12 no del/dupl 

 29-BMD 24 del 12-43 no del/dupl sister 1 i 2 - no del/dupl 

30-BMD / del 45-48 del 45-48 

 31-BMD / del 13 

 

daughter 1 i 2 – del 13 

*del – deletion, †dupl- duplication  

 

 

 

Figure 1. Genealogy of case 31 – BMD.  Daughter II.2 – male foetus III.1 has del 13 and 

female foetus III.3 has del 13; daughter II.4 has female foetus without homozygous 

deletion.  
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