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Background: Duchenne and Becker muscular dystrophies (DMD/BMD) are the most 
common human dystrophinopathies with recessive X-linked inheritance. Dystrophin gene 
deletions and duplications are the most common mutations, followed by point mutations. The 
aim of this study is to characterize the mutational profile of the dystrophin gene in 
Colombian patients with DMD/BMD.
Material and Methods: Mutational profiling was determined in 69 affected patients using 
Sanger sequencing, next-generation sequencing (NGS) and/or multiplex ligation dependent- 
probes amplification (MLPA). Genetic variants were classified according to molecular con-
sequence and new variants were determined through database and literature analysis.
Results: Mutational profile in affected patients revealed that large deletions/duplications 
analyzed by MLPA accounted for 72.5% of all genetic variations. By using Sanger sequen-
cing or NGS, we identified point mutations in 15.9% and small deletions in 11.6% of the 
patients. New mutations were found, most of them were point mutations or small deletions 
(10.1%).
Conclusion: Our results described the genetic profile of the dystrophin gene in Colombian 
patients with DMD and contribute to efforts to identify molecular variants in Latin American 
populations. For our population, 18.8% of cases could be treated with FDA or MDA 
approved molecular therapies based on specific mutations. These data contribute to the 
establishment of appropriate genetic counseling and potential treatment.
Keywords: Duchenne–Becker muscular dystrophy, DMD, MLPA, next-generation 
sequencing, target molecular therapy, exon skipping, mutation

Introduction
Duchenne Muscular Dystrophy (DMD-OMIM #310200) and Becker Muscular 
Dystrophy (BMD-OMIM #300376), are the most common hereditary muscular 
dystrophies around the world.1 DMD and BMD occur with a frequency of 1/ 
3.300 and 1/6.000 newborn males, respectively.2 These dystrophinopathies are 
caused by alterations in the DMD gene and have an X-linked recessive inheritance 
pattern.3 Changes in dystrophin protein synthesis is correlated with clinical mani-
festations, characterized by progressive muscle necrosis, loss of independent early 
walking ability, cardiomyopathy respiratory failure and premature death in the 
affected patients.4

The DMD gene encodes for a 427 kDa protein, called dystrophin, which is part 
of the dystrophin-associated glycoprotein complex. Dystrophin main function is 
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binding actin to the protein complex in the sarcolemma 
plasma membrane and consequently adds stability to the 
muscle cell.5 Dystrophin protein has four structural 
domains, each one of them, related to specific functions: 
the N-terminal contains an actin-binding region, the cen-
tral rod domain is formed by 24 spectrin repeats which 
provide flexibility, the cysteine-rich domain binds to dys-
troglycan and the C-terminal region establishes an associa-
tion with dystrobevin and synthropin, which are cytosolic 
dystrophin-binding proteins.5,6 Through the use of inde-
pendent promoters, three isoforms of the protein have been 
characterized, which have a tissue-specific expression.7

The DMD gene is molecularly complex and to date, 
more than 7000 causal mutations have been reported 
worldwide. The most frequent mutations are one or more 
exon deletions and duplications (large mutations), which 
account for about 80% of the total DMD gene alterations.8 

The remaining 20% of DMD/BMD alterations are repre-
sented by small mutations (deletions or insertions of <1 
exon and point mutations). Interestingly, the frequency of 
mutations has been shown to differ by geographic region. 
Large deletions are more commonly observed in Africa 
(88%); large duplications are more frequent in Europe, and 
small mutations have been associated with Oceania.8–10

In accordance with the wide mutational heterogeneity, 
multiple molecular strategies have been used for the iden-
tification of DMD gene mutations. Identification of large 
deletions and large duplications has been performed using 
multiplex-ligation dependent probes amplification (MLPA) 
or multiplex PCR. Sanger or Next-generation sequencing 
(NGS) have been used to identify point mutations and 
small insertions or duplications.10−12 Okubo et al reported 
that, through NGS, it is possible to identify about 92% of 
the dystrophin mutations.25 Given the complexity of the 
gene and its mutational spectrum, both Western blot and 
RNA analysis are required to achieve the best 
sensitivity.13,14

The importance of identifying mutations in affected 
patients is highlighted, given the existence of genetic 
therapy strategies that are applicable to specific types of 
mutations, offering adequate genetic counseling and to 
identify female carriers. Little is known about the genetic 
profile of Colombian patients affected with DMD/BMD. 
The aim of this study is to contribute to the knowledge gap 
on this field. We analyzed 69 Colombian patients with 
DMD/BMD, through NGS, Sanger sequencing and/or 
MLPA analysis. Our data showed that the distribution of 
the molecular mutations profile is similar to that of other 

populations but, interestingly, several mutations have not 
been previously reported worldwide.

Materials and Methods
Study Population
We studied molecular data of 69 Colombian DMD/BMD 
patients with identified mutation in the dystrophin gene. 
Despite the selection bias, the molecular information of 
these patients makes it possible to identify the mutational 
profile of the dystrophin gene. During the last five years 
patients underwent the DNA analysis in Genetics 
Molecular de Colombia, a private molecular laboratory. 
These patients are referred exclusively to the molecular 
study and the treating physician established the clinical 
diagnosis of dystrophinopathy. The patient’s clinical data 
were not available, and these data were not considered for 
the analysis.

All participants provided informed consent to take part 
in this study and for clinical attention in the private 
laboratory Genética Molecular de Colombia. Molecular 
diagnosis was performed following the procedures and 
quality controls established by the molecular laboratory. 
All experimental procedures were approved by the Ethics 
Committee of the Universidad del Rosario. The study 
followed the guidelines of the Declaration of Helsinki 
(Approved CEI-AMH002-000185).

Dystrophin Gene Molecular Analysis by 
Sequencing
Peripheral blood samples were obtained for DNA extrac-
tion using the Salting-out method. Point mutations and 
small deletions were analyzed by the Sanger method or 
NGS (recently introduced into the laboratory). For Sanger 
sequencing, 79 Dystrophin gene coding exons and intron- 
exon boundaries were amplified by PCR using specific 
primers designed with Primer Blastn (https://www.ncbi. 
nlm.nih.gov/tools/primer-blast/) and Primer3 software 
(https://primer3plus.com/cgi-bin/dev/primer3plus.cgi). 
Primer sequences and PCR conditions are available upon 
request. PCR products were purified and then sequenced 
using the ABI-3500 genetic analyzer. The patient´s 
sequences were aligned and compared using ClustalW 
software. The wild-type sequences are available in the 
Ensembl database (NM_004006). For NGS, library pre-
paration and sequencing were carried out by CGC 
Genetics (Portugal). The libraries were generated using 
the SureSelectQXT Reagent Kit (Agilent Technologies). 
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The DNA was fragmented (180–280pb), adaptor-tagged in 
the ends, purified and PCR amplified. Then, the prepared 
DNA library amplicons were hybridized and captured 
through the biotin-streptavidin coated magnetic beads sys-
tem, followed by indexing and target enrichment. The 
samples were sequenced with the MiSeq platform 
(Illumina). Reads were aligned to the human reference 
genome hg19 (GRCh37) using the Burrows-Wheeler 
Aligner (BWA) and Genome Analysis Toolkit (GATK) 
softwares, followed by bioinformatic analysis. The quality 
data considered for optimal results were >Q30, 100% 
coverage of target regions and a depth of at least 30x. 
The final analysis was executed using Golden Helix soft-
ware. For both, Sanger and NGS tools, the identified 
variants were chosen according to its potential molecular 
consequence and were classified as follows: missense, 
nonsense, frameshift and splice site. Regarding new var-
iants, we revised the public databases (http://www.umd.be/ 
, https://www.lovd.nl/, https://www.ncbi.nlm.nih.gov/clin 
var/, https://www.ensembl.org/index.html) and the litera-
ture. We considered a new variant if it was not found in 
these resources.

Multiplex Ligation-Dependent Probe 
Amplification (MLPA)
MLPA was performed using SALSA MLPA probemix 
DMD P034 and P035 according to the manufacturer’s 
instructions. The probemixes contain together one probe 
for each of the 79 exons of the DMD gene transcript 
variant Dp427m (MRC-Holland, Amsterdam).

For the initial step, we used 5μL (10 ng/μL) of DNA 
and was denatured during 5 min at 98°C. For the hybridi-
zation reaction the probemix and the MLPA buffer were 
added to the denatured samples which were incubated, first 
during 1 minute at 95°C and then during 16–20 hours at 
60°C. In the ligation reaction the mix was incubated at 54° 
C with the ligase-65, followed by heating at 98°C for 5 
minutes. For the final PCR step, we used exon-specific 
probes with universal-tagged primers. Amplicons were 
separated by capillary gel electrophoresis on the 
ABI3500 (Applied Biosystems) genetic analyzer with 
GeneScan 500 LIZ as the dye size standard. The Copy 
Number Variation (CNV) status was analyzed in the 
Coffalyser.Net software, according to the dosage quotient 
(DQs) between the patient samples and reference samples 
from males and females. These values are described in the 

SALSA MLPA DMD product description (MCR Holland) 
(www.mlpa.com).

Data Analysis
We used the molecular diagnostic data obtained with a 
genetic study of the dystrophin gene ordered by the treat-
ing physician. For all mutations, we identified the DNA 
change, establishing the molecular consequence on the 
protein. We classified the mutations into out-of-frame, in- 
frame, nonsense, splice site and missense. Frequencies 
were established for each type of mutations identified 
through sequencing or MLPA analysis. To determine the 
pathogenic consequences of splice site mutations, we per-
formed in silico analysis using the bioinformatic tool 
Human Splicing Finder (www.http://www.umd.be/HSF3/ 
). Taken together, these results allowed us to know the 
percentage of Colombian patients who could benefit from 
molecular therapies based on specific mutations.

Results
Through Sanger sequencing, NGS or MLPA, we identified 
mutations in 69 patients affected with DMD/BMD 
(Supplementary Table 1). The most frequent genetic muta-
tions were large deletions (58%), followed by large dupli-
cations (14.5%), small deletions (11.6%), nonsense 
(11.6%) and splicing site mutations (4.3%). In the ana-
lyzed samples, missense mutations were not found 
(Table 1).

Regarding the consequence on the reading frame in 
patients with large deletions, we found a) 31 of 40 patients 
(77.5%) had out-of-frame mutations and b) 7 of 40 
patients (17.5%) had in-frame mutations. In two cases, 
the large deletion involved the first methionine, and it 
was not possible to establish the molecular consequence 
(Table 1).

For large duplications, 60% of patients (6 of 10) had 
out-of-frame mutations and 40% in-frame mutations. 
Finally, all small deletions identified (8 patients) generated 
out-of-frame mutations.

In three patients, splicing site mutations were found 
(4.3%) (Supplementary Table 1). In silico analysis of these 
variants revealed that these mutations modify the donor 
splice site, affecting the normal splicing of the messen-
ger RNA.

In this study, 7 (10.1%) new mutations were found, of 
which 4 (57.1%) corresponded to small deletion, 1 
(14.2%) nonsense mutation and 2 (28.6%) were large 
deletions. All the small deletions caused out-of-frame 
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mutations and the large deletions in-frame mutations 
(Table 2).

The mutational distribution based on exons showed 
that most of the described mutations were within the 
worldwide described hot spots; exons from 2 to 20 and 
45 to 55. In exons 58, 59, 60, 61, 63, 68, 69, 70, 71 and 72 
no mutations were found (Figure 1).

Regarding patients with mutations involved in current 
pharmacologic therapies, we found that 18.8% meet the 
criteria. A priori, eight patients with nonsense mutations 
could be treated with Ataluren, two patients affected with 
large deletions in exons 48 to 50 and 50 are candidates for 
Eteplirsen treatment and three for Golodirsen with dele-
tions in exons 49 to 52, 45 to 52 and 52 (Table 3).

Discussion
Duchenne muscular dystrophy is a progressive neuromus-
cular disorder characterized by muscle degeneration due to 
pathogenic mutations in the dystrophin gene. Affected 
patients lose normal ambulation, which leads to wheel-
chair dependency and in the final stages of the disease, 
respiratory and cardiac failure.15 Worldwide, several dys-
trophin gene mutations have been described; most of them 
involve large deletions and duplications and others 

correspond to point mutations and small rearrangements.8 

Identification of genetic variation in DMD/BMD patients 
has enabled precision medicine treatments based on spe-
cific mutations and genetic counseling prevention.16

In Colombia there is no registry of DMD cases, which 
generates an underreporting of the real incidence in the 
country. Bernal Villegas et al estimated the cases of 
genetic diseases according to the number of births and 
determined that by the year 2021–2025 our country 
could have 1030 cases of DMD.2 In this context, the 
cohort of patients analyzed represents only a proportion 
of the cases in the country and contributes to the knowl-
edge of the molecular characterization of dystrophin var-
iants. Recently, Luce et al conducted a systematic review 
of literature showing that only 6 Latin American countries 
have reported dystrophin genetic profiles based on an 
algorithm that detects CNVs and sequencing variants, 
reflecting the knowledge gap with respect to European 
and North American countries.17

In this study, we analyzed the mutational profile of the 
dystrophin gene in 69 Colombian patients affected with 
DMD/BMD. The results revealed mutational heterogeneity 
in the DMD gene, as expected, with 57 different mutations 
in 69 patients. Large deletions were the genetic cause of 

Table 1 Frequency of Mutations and Molecular Consequence

Mutation Type n (%) Consequence

Inframe n (%) Outframe n (%)

Large Mutations 50 (72.4%) Large deletionsa 40 (58%) 7 (17.5%) 31 (77.5%)

Small mutations 8 (11.6%) Large Duplications 10 (14.5%) 4 (40.0%) 6 (60.0%)

Point Mutations 11 (15.9%) Nonsense 8 (11.6%) NA NA
Splice Site 3 (4.3%) NA NA

Missense 0 (0%) NA NA

TOTAL: 69

Notes: aTwo cases of large deletions involved the first methionine and the consequence was not determined. 
Abbreviation: NA, not applied.

Table 2 Description of New Mutations in Dystrophin Gene

Type of Mutation Consequence Exon DNA Mutation Protein

Nonsense Premature stop codon 34 c.4804G>T p.Gly1602*
Small deletion Outframe 24 c.3184_3199del p.Lys1062Leufs*5

Small deletion Outframe 23 c.3003del p.Thr1002Leufs*2

Large deletion Inframe Exon 73 c.10329-?_10394+?del p.Arg3443_Ile3465dela

Large deletion Inframe Exons 21–44 c.2623-?_c.6438+?del p.Asp875_Glu2120dela

Small deletion Outframe 36 c.5086del p.Ile1696Phefs*25

Small deletion Outframe 59 c.8873delG p.Gly2958Aspfs*31

Notes: aProtein determined only with the exons deleted. *Stop codon.
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58% of the cases. Similar results have been described for 
other populations, where this type of mutation accounts for 
at least 50% of the cases.8,13,18–20

In our study, 80% of deletions were located in the 
mutational hot spots described in the DMD gene (exons 
2–20 and exons 45–55). Precisely, 35.7% of them were in 
the distal region, the same proportion in the proximal 
region and in 5% of cases, the extent of the deletion 

involved exons from both regions. Deletions outside the 
exons considered hot spots accounted for 20% of the total. 
A previous publication about mutational hotspots (31 to 79 
exons) in Colombian patients showed a lower frequency of 
deletions (33%).21 The difference in the exons analyzed 
and the methodology could affect the results reported 
between both studies, indicating that the molecular 
approach using only exons located on hot spots 

Figure 1 Mutational frequency by exons in the analyzed population.

Table 3 Patients Who Expect to Benefit from Specific-Mutations Treatment

Type of Mutation Consequence Exons DNA Mutation Protein Exon Skipping Drug

Large deletion Outframe 49 to 52 c.7099_7660del p.Glu2367Leufs*22 53 Golodirsen

Large deletion Outframe 45 to 52 c.6439_7660del p.Glu2147Leufs*22 53 Golodirsen

Large deletion Outframe 52 c.7543_7660del p.Ala2515Leufs*22 53 Golodirsen
Large deletion Outframe 48 to 50 c.6913_7309del p.Val2305Leufs*9 51 Eteplirsen

Large deletion Outframe 50 c.7201_7309del p.Arg2401Leufs*9 51 Eteplirsen

Nonsense Premature codon stop 14 c.1663C>T p.Gln555* NA Ataluren
Nonsense Premature codon stop 19 c.2299G>T p.Glu767 NA Ataluren

Nonsense Premature codon stop 19 c.2365G>T p.Glu789* NA Ataluren

Nonsense Premature codon stop 39 c.5561C>T p.Gln1785* NA Ataluren
Nonsense Premature codon stop 43 c.6238C>T p.Gln2080* NA Ataluren

Nonsense Premature codon stop 34 c.4804G>T p.Gly1602* NA Ataluren

Nonsense Premature codon stop 51 c.7437G>A p.Trp2479* NA Ataluren
Nonsense Premature codon stop 19 c.2299G>T p.Glu767* NA Ataluren

Note: *Stop codon.
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significantly reduces the detection of deletions. These find-
ings highlight the importance of complete gene analysis, 
all exons sequencing and deletion/duplication analysis, for 
molecular diagnosis of DMD.

The second most frequent type of mutation corre-
sponds to large duplications, identified in 14.5% of the 
cases. Similar findings have been reported in other popula-
tions such as China (16.4%), India (10%), Japan (16%) 
and Spain (19%).18,22–25 In 100% of our cases, large 
duplications involved exons from the mutation-prone 
regions, with a greater proportion (70%) in the proximal 
region and less (30%) in the distal part of the gene. This 
distribution is consistent with other studies, as described 
by Vieitez et al, who analyzed a Spanish population and 
reported a 67.9% of mutations in the proximal region and 
28.6% in the distal region.19 Our data in agreement with 
those reported in the worldwide literature, supports that 
large deletions and large duplications are the most frequent 
molecular damage in affected patients with DMD/BMD. 
In this study, the frequency of these mutations was 72.5% 
(50 patients). Several mechanisms are related to large 
genomic rearrangements, however, the non-homologous 
end joining mechanism (NHEJ) and the Alu repeats cross-
linking by the non-allelic homologous recombination 
(NAHR) are the most frequent molecular mechanism 
involved in the occurrence of deletions and duplications 
in DMD gene.13

Deletions and duplications (small and large) in the 
DMD gene can alter the open reading frame (ORF) gen-
erating out-of-frame mutations, which results in aberrant 
forms or absence of dystrophin protein. In other cases, 
there was no shift in the reading frame (in-frame muta-
tions). These mutations are related to the severity of the 
phenotype.26 In our study, 77.6% of the cases had out-of- 
frame mutations and 18.9% in-frame mutations. The read-
ing frame rule hypothesis referred by Monaco et al estab-
lish that Adjacent exons that can maintain an open reading 
frame (ORF) in the spliced mRNA despite a deletion event 
would give rise to the less severe BMD phenotype and 
predict the production of a lower molecular weight, semi-
functional dystrophin protein. Adjacent exons that cannot 
maintain an ORF because of frame shifted triplet codons 
would give rise to the more severe DMD phenotype due to 
the production of a truncated, nonfunctional dystrophin 
protein.27 As a limitation of our study, we could not 
determine the genotype-phenotype correlation because 
clinical information to classify both DMD/BMD was not 
provided for all cases.

Regarding in-frame mutations, we found four patients 
with mutations mainly affecting the ROD domain of the 
protein, which is related to elasticity and flexibility. One of 
the patients had a mutation in the exon 73 or distal exon, 
within the C-terminal binding domain to α-syntrophin 
(ASD) and dystrobrevin (DBD). Two patients presented a 
mutation affecting the ABD domain required for the inter-
action of the protein with the cytoskeleton. Finally, four 
patients had a mutation involving both ROD and ABD 
domains. Although in-frame mutations, are less severe 
than out-of-frame, these could significantly alter the proper 
functioning of the protein.13

In two patients with large deletions, it was not possible 
to determine the molecular consequence (out-of-frame or 
in frame) due to their deletion involved the dystrophin 
gene start codon (first methionine), which affect the pro-
tein translation.

The scope of our study did not include functional studies 
(eg Western blot) that would allow us to predict a potential 
protein synthesis due to translation restart, which is a poten-
tial rescue mechanism of this type of mutations.28 Given the 
extension of the deletion described for these patients (exons 
1 to 43 and 1 to 93, Supplementary Table 1), it is possible to 
hypothesize its clinical implication. In skeletal and cardiac 
muscle, dystrophin binds via an N-terminal domain to fila-
mentous actin. This actin-binding domain involved the CH1 
and CH2 domains, which are located at amino acids p. 
Arg13 to p.Val120 (CH1) and p.Asn135 to p.Val238 
(CH2) that are lost in both patients with the large deletion,28 

therefore, it may possibly affect the protein´s function.
Small deletions (<1 exon) and point mutations, 

accounted for 27.5% of patients (Table 1). This finding is 
similar to the data reported in the global TREAT-NMD- 
DMD database (a 20% is reported).8 Mutations leading to 
the generation of premature termination codons (PTC) 
were the genetic alterations in 11.6% of our patients. 
PTC mutations are associated with the reduction or com-
plete absence of DMD mRNA. The complete absence is 
related to mRNA degradation by the Nonsense Mediated 
Decay system (NMD), which is a cellular regulatory con-
trol mechanism that prevents the expression of truncated 
proteins.20 For this reason, a drastic effect of these muta-
tions on the protein is to be expected and therefore, a 
severe phenotype is estimated.19,20

Regarding mutations in splice sites, we identified three 
variants, which according to the in-silico prediction, affect 
the donor site and therefore, the normal splicing of the 
messenger RNA.
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It is estimated that three possible molecular mechan-
isms can generate abnormal transcripts: intron retention, 
activation of non-canonical splicing sites and exon skip-
ping. In any case, the protein is functional. Therefore, 
transcriptomic analysis of the patient’s muscle biopsy or 
functional studies (Minigenes), are required to confirm this 
prediction.29

We did not identify missense mutations in our sample 
of 69 previously clinically diagnosed patients. According 
to the literature, this type of mutation is the less frequent 
within DMD/BMD patients, which was also supported by 
our results.30–33 Missense mutations are rare and are 
located mainly in the DMD protein–protein interaction 
domains.30,33,34 In the largest cohort of Latin American 
patients with DMD analyzed to date, only one pathogenic 
missense variant was identified,17 probably with a larger 
sample size, we could have identified missense mutations 
that would contribute to the DMD mutational spectrum of 
Colombian patients. The molecular strategy used in our 
study (sanger and NGS) allows to identify 100% of the 
missense variants and we can conclude that for the popu-
lation analyzed the frequency of this type of variant is 0%.

Taking together the findings obtained with the molecu-
lar strategies used (MLPA, Sanger, and NGS), 72.4% of 
CNVs and 27.5% of small pathogenic sequence variants 
were detected in the Colombian patients. These results are 
in concordance with data from Latin American popula-
tions such as Brazil,35 Argentina,17 Puerto Rico36 and 
Mexico37 where CNVs frequencies between 64.8 and 
75% were reported. Interestingly, nonsense mutations 
throughout most Latin American countries represent 10.1 
to 12.4% and, as our findings (11.6%), are the predominant 
molecular cause within sequence variants. The impact of 
this type of mutation lies in their potential relationship 
with mutation-directed therapy. Additionally, it supports 
the importance of using molecular diagnostic algorithms 
that, in addition to MLPA, include sanger sequencing or 
NGS. To date only four Latin American countries, use 
these combined strategies, therefore our results contribute 
to molecular characterization in Latin American 
populations.

Other populations such as Peru and Venezuela have 
reported significantly lower frequencies of large rearrange-
ments (52.5 and 37% respectively), which is mainly 
explained by the methodology used (multiplex PCR).38,39

Assessment of autosomal and sexual markers in Latin 
American populations has revealed a high heterogeneity 
in the ethnic structure of these populations,40 and for 

Colombia, a higher inter-population variability has been 
described.41 Most of the patients were born in Bogotá 
(72.5%), a city with an estimated population structure 
with predominance of native ancestry (52%), followed 
by European and African (45% and 3% respectively). 
None of the participants were asked for their self- 
reported ethnicity, and ancestry was assumed as indicated 
in previous studies based on the analysis of Ancestry 
informative markers (AIMs) in individuals from this 
same population.41,42 Interestingly, despite the intra- 
and inter-population ethnic variability, our results and 
those of the Latin American populations are concordant 
and reflect a mutational profile in patients with DMD that 
highlights a high proportion of nonsense mutations,17 

which is in agreement with our results (Table 1). For 
Latin America, only 7 studies have been published 
(about 725 patients) and potential differences derived 
from specific ancestry may be lost. Large cohorts of 
patients analyzed in multiple European populations have 
shown a marked heterogeneity in the frequency of large 
deletions versus sequence variants, indicating the impor-
tance of ancestry in the dystrophin mutation profile.43

Since 27.5% of all identified mutations were small 
deletions and point mutations, we support the use of both 
tools (sequencing and MLPA) for the molecular diagnosis 
of DMD/BMD. The MLPA has a sensitivity over 88%,24 

however, this tool has some limitations such as non-detec-
tion of changes that lie outside the target sequences ana-
lyzed by the probes or non-delimitation of deleted regions. 
In our study, nine mutations were not clearly identified 
using MLPA (Supplemental Table 1, represented with b) 
because the deleted regions could not be precisely defined. 
In these cases, the large rearrangements included both 
introns and exons, causing alterations that could not be 
predicted by in silico analysis, however, we conducted an 
analysis based only on the exons deleted to predict the 
protein consequence.

In other reports, about 2% of DMD/BMD patients, 
mutations were not identified by MLPA and sequencing. 
This is potentially related to deep intronic changes pro-
duced by modifications located more than 100 bp upstream 
or downstream of the exon and the presence of complex 
rearrangements.44 In these cases, the analysis of the RNA 
from the muscle biopsy, by transcriptome and/or RNAseq 
analysis is necessary to verify the genetic cause of the 
disease.13

Adequate DNA diagnostic analysis is relevant since it 
provides information on eligibility for therapeutic 
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strategies in DMD treatment.45,46 The FDA or MDA has 
approved molecular therapies based on specific mutations 
such as nonsense and out-of-frame mutations. To date, 
Ataluren is the bioavailable treatment for patients affected 
with PTC-related mutations. Recent reports indicated that 
in approximately 10–15% of boys with DMD, the disorder 
is due to a nonsense mutation, data similar to our findings 
(11.6% of cases).47 Among the 7 new mutations identified 
in our study, one of them is a nonsense mutation, a candi-
date for pharmacological treatment, which further high-
lights the importance of a comprehensive molecular 
diagnosis. In this context, a percentage of our population 
is expected to benefit from Ataluren treatment, which has 
been designed to generate ribosomal readthrough and 
enable the production of the full-length protein.48

One promising strategy for out-of-frame mutations is 
exon skipping, which restored the translational reading 
frame using synthetic analog nucleic acids analogs called 
antisense oligonucleotides (AOs).49 At the time, two drugs 
have received the US FDA approval for the treatment of 
DMD in patients with mutation amenable to exon skipping 
of the 51 (Eteplirsen) and 53 (Golodirsen) exons. Those 
AOs bind on pre-mRNA and influence the splicing 
machinery to exclude specific exon from the final tran-
script. The molecular therapies achieve the production of 
shortened functional dystrophin proteins.49,50 It has been 
estimated that in about 14% of all DMD patient’s single 
exon skipping is applicable.51 However, in our study, we 
identified deletions amenable to exon 51 and 53 skipping 
in 7.2% (5/69) of the cases (Table 3). Taken together, our 
results suggest that 19% of DMD patients analyzed would 
potentially benefit from nonsense readthrough or exon 
skipping therapy.

Recently other strategies have been developed for 
DMD therapy, evidence demonstrates that ncRNAs play 
a role in dystrophin regulation and represent a strategy 
with potential efficacy when combined with oligonucleo-
tides/gene therapy approaches.52 Additionally, CRISPR/ 
Cas9 is a potential strategy to correct muscular dystrophies 
by editing disease-causing mutations at the genomic 
level.53

Despite the potential application of therapies based on 
specific mutations, the lack of clinical information does 
not allow us to know whether our patients meet the inclu-
sion criteria required for the benefit of these therapies.

Our results allowed us to establish a mutation profile 
for the dystrophin gene in a cohort of Colombian patients 
affected with DMB/BMD. Understanding the molecular 

variability and specific mutations in DMD/BMD patients 
will potentially lead to personalized therapies, genetic 
counseling, reproductive options and carrier detection.

Limitations of Study
We consider some limitations in our study: a) Lacks an 
analysis of correlation genotype-phenotype, b) For MLPA, 
the lack of exact delimitation of deleted regions in some 
cases and c) Clinical information limited to the treating 
physician d) the small sample size.

Conclusion
Our results describe the genomic profile of mutations for 
the Dystrophin gene in a cohort of DMB/BMD Colombian 
patients. These findings, including the discovery of new 
mutations, are relevant due to the possibility of including 
patients with mutations amenable to molecular therapies 
such as nonsense read-through or exon skipping.

Finally, this work contributes with the efforts to char-
acterize the frequencies and molecular variants in Latin 
America populations affected with DMD/BMD.
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