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Autosomal recessive limb-girdle muscular dystrophies (AR-LGMDs) are characterized by clinical and ge-
netic heterogeneity. LGMD type 2C, or g-sarcoglycanopathy, is the most frequent in North African popu-
lations as a result of the founder c.525delT mutation in the SGCG gene. Its epidemiology is poorly known in
Morocco, and its prevalence among the Moroccan population has never been evaluated. This study screened
26 patients with a LGMD2C and 45 patients with an AR-LGMD phenotype for the c.525delT mutation. DNA
extracted from umbilical cord blood samples of 250 newborns was tested for the same mutation. Molecular
epidemiologic methods were used to calculate the frequency of heterozygotes for this mutation in Moroccan
newborns and to estimate the prevalence of LGMD2C in the Moroccan population. The carrier frequency was
estimated to be 1/250, which would imply that the prevalence of LGMD2C would be approximately 1/20,492
considering the effect of consanguinity. The homozygous c.525delT mutation was found in 65% of all
patients with AR-LGMDs. These findings suggest that AR-LGMDs are prevalent in the Moroccan population
and LGMD2C is one of the most common forms. This information might be useful for the development of
diagnostic strategies on a large scale for better management of patients with AR-LGMD and genetic coun-
seling of families.

Introduction

L imb-girdle muscular dystrophies (LGMDs) are
heterogeneous inherited muscle disorders characterized

by progressive weakness and muscle wasting. The most
common clinical forms are autosomal recessive (AR), char-
acterized by great clinical and genetic variability (Bönne-
mann 2005). They typically show degeneration/regeneration
(dystrophic changes) on muscle biopsy, which is usually
associated with elevated serum creatine kinase concentra-
tions. Immunohistochemical studies with specific antibodies
on muscle biopsies are very useful for classifying the dif-
ferent types prior to genetic analysis (Anderson 1996; Boito
et al., 2003). The relative frequency of the different types of
AR-LGMD varies from one ethnic population to another
(Trabelsi et al., 2008). However, previous studies indicated
that LGMD type 2C (Online Mendelian Inheritance in Man
#253700) is the most frequent in North African populations,
as a result of the founder mutation c.525delT (El Kerch et al.,
1994; Ben Othmane et al., 1995). LGMD2C is caused by
mutations in the SGCG gene on 13q12, which encodes

g-sarcoglycan. It is characterized by a childhood onset of
progressive muscular dystrophy. The mean age of onset is
between 5 and 6 years, and half of these patients lose am-
bulation by age 12 years. Calf hypertrophy and lumbar lor-
dosis are common (Bönnemann and Finkel, 2002). On the
basis of these clinical findings, LGMD2C is referred to as a
severe childhood autosomal recessive muscular dystrophy or
as a Duchenne-like autosomal recessive muscular dystrophy
(Ozawa et al., 1998).

In Morocco, the epidemiology of LGMD2C is poorly
known. This study aimed to estimate the frequency of the re-
current mutation c.525delT in Moroccan patients and controls
in order to deduce, by a molecular epidemiology approach, the
prevalence of LGMD type 2C in the Moroccan population.

Materials and Methods

Patients

We enrolled two groups of patients: The first group con-
sisted of 26 patients with LGMD type 2C based on an im-
munohistochemical study. They were 12 males and 14
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females, ranging in age from 5.5 to 13 years. Eleven of them
were consanguineous, and 19 were familial cases with at least
one sibling pair. In addition to clinical, biological, and his-
tologic signs of LGMD, none had staining for g-sarcoglycan.

The second group comprised 45 patients (9 males and 36
females) aged 6–12 years, with a tentative clinical autosomal
recessive LGMD diagnosis, based on the following condi-
tions: slowly progressive mild to moderate limb girdle
weakness, elevated serum creatine kinase level, and various
degrees of dystrophic changes on muscle biopsy. No patients
had access to immunofluorescence studies. Twenty-eight
were sporadic cases and 17 were familial cases, with at least
one sibling pair. Twenty-nine of these families were con-
sanguineous (Fig. 1). The autosomal recessive condition of
the LGMD was validated by the presence of at least one
affected female. For the 9 families with only an affected
male, the diagnosis of dystrophinopathy was first excluded by
immunohistochemical stain for dystrophin.

Controls

Umbilical cord blood samples of 250 unrelated newborns
were investigated. They originated from different regions of
Morocco, and the Moroccan origin of their parents and
grandparents was confirmed. Two controls with homozygous
and heterozygous deletion c.525delT were included in the

study. The study was approved by the local ethics committee,
and parents provided informed consent for DNA analysis.

Data collection

Genomic DNA of patients and controls was extracted from
leukocytes isolated from ethylenediaminetetraacetic acid–
anticoagulated blood using the salting-out method (Sambrook
et al., 1989). The quality and quantity of the DNA were con-
trolled by A260/A280 using a Nanodrop spectrophotometer
(Fisher Scientific, Wilmington, DE) and aliquots (50–100mL)
of packed blood cells were stored at 4�C until analysis. First, we
searched for c. 525delT mutation on exon 6 of the SGCG gene
in the two groups of patients by direct sequencing (sequencer
ABI PRISM 310; Applied Biosystems, Carlsbad, CA) using
specific primers as previously reported (El Kerch et al., 2001).
Next, we screened for the c.525delT mutation in the 250 con-
trols by using real-time PCR (Applied Biosystems 7500 Fast
Real-Time PCR Systems) using TaqMan probes (PE Applied
Biosystems). It is simpler and faster than DNA fragment
analysis. This method combines PCR and mutation detection in
a single step. A hybridization probe is cleaved by the 5¢ nu-
clease activity of Taq DNA polymerase only if the specific
sequence is successfully amplified. Two TaqMan probes are
used, one for each allele. TaqMan probe consists of an 18- to
22-bp oligonucleotide probe, which is labeled with a reporter

FIG. 1. Siblings in 45 families with AR-
LGMD phenotype ( normal girl,� af-
fected girl, normal boy, affected boy,

deceased child, twin).
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fluorophore at the 5¢ end and a quencher fluorophore at the 3¢
end. Heterozygote samples for the c.525delT mutation detected
by real-time PCR were confirmed by direct sequencing.

Data management

Assuming that the Moroccan population is in Hardy–
Weinberg equilibrium, we estimated the frequency of the
c.525delT mutation in a homozygous state. The Wright for-
mula was used to calculate the frequency of homozygotes for
a given mutation (M) in a population (P) (Wright 1921):

P(MM)¼ p2þFp(1� p) (1)

where p is the prevalence of the mutation and F the mean
inbreeding coefficient of the population (0.0065) ( Jaouad
et al., 2009). From the observed c.525delT mutation fre-
quency in our newborns’ sample, an estimate of the expected
prevalence of LGMD2C in the Moroccan population was
obtained by using the following formula:

Prevalence of LGMD2C¼Fp1þ (1�F)p1
2

þ 2 p1 p2þ p2
2 (2)

where F is the inbreeding coefficient, p1 the prevalence of
allele c.525delT in our sample, and p2 the estimated preva-
lence of all non-c.525delT LGMD2C alleles in the population.

An estimate of p2 can be obtained from p1 and the proportion
Pc.525delT of c.525delT alleles among all LGMD2C alleles
found in the first group of patients:

p2¼ (1� Pc:525delT) · p1=Pc:525delT (3)

Pc.525delT is obtained by c.525delT allele counting among
the total of alleles in the first group of patients.

Results

Nineteen patients of the 26 from the first group with a
confirmed g-sarcoglycanopathy were homozygous for
c.525delT mutation (Fig. 2), and 2 were be heterozygous. It
means that Pc.525delT = 40 alleles c.525delT/52 alleles tested
(77%). In the second group of 45 patients strongly suspected
of having AR-LGMD, 22 females and 7 males were homo-
zygous for the c.525delT mutation, which represents 58 al-
leles c.525delT among 90 alleles tested (65%). In this same
group, 2 females were heterozygous, whereas 12 females and
2 males were not carriers for the c.525delT mutation. In the
control group, 1 heterozygote was identified among the 250
cord blood samples tested for the c.525delT mutation (Fig. 3).
The carrier frequency for c.525delT mutation was then 1/250
(i.e., 0.4%). Assuming Hardy–Weinberg balance and on the
basis of the c.525delT allelic prevalence of 1/500 and a co-
efficient of inbreeding of 0.0065, the expected frequency of

FIG. 2. Electropherogram
showing the c.525delT mu-
tation in the SGCG gene.
(A) Normal sequence. (B)
Homozygous state.

FIG. 3. Curve of amplification of the study of c.525delT mutation. (A) Normal profile. (B) Heterozygous profile.
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homozygosity for this mutation using formula (1) would thus
be 1/250,000 + 0.0065 · 1/ 250 · 499/500 = 1/58,914. By us-
ing formulas (2) and (3) detailed in the Materials and Methods
section, the birth prevalence of LGMD2C was then calculated
and estimated to be 1/ 20,492.

Discussion

AR-LGMD represents a heterogeneous group of muscular
diseases with a wide spectrum of clinical disability ranging
from very mild to severe forms. To date, at least 17 loci have
been identified (Rosales et al., 2012). The different subtypes
can be distinguished by immunohistochemical analysis in a
muscle biopsy specimen in order to guide and abbreviate the
molecular genetic investigations. There is a geographical
difference in their incidence (Bushby and Beckmann, 1995).
LGMD2C is one of the most severe forms, with the highest
incidence reported in North Africa as a result of a founder
mutation in the SGCG gene (McNally et al., 1996). In
Morocco, the epidemiology of AR-LGMD is poorly known,
but we expect that the prevalence of these disorders would be
higher in the Moroccan population than others because of the
phenomenon of consanguineous marriages, which reaches up
to 15% (Jaouad et al., 2009). However, the scarcity of spe-
cialized centers and difficulties that can prevent patients from
benefitting from immunohistochemical analysis complicate
their diagnosis, management, and genetic counseling.

To bypass these difficulties, we therefore performed a low-
cost molecular screening strategy to look for the most prevalent
mutation encountered as a cause of LGM2C, the c.525delT
mutation. Not surprisingly, 19 of 26 patients (73%), with no
staining for g-sarcoglycan, were homozygous for the c.525delT
mutation, as previously reported in other North-African popu-
lations (Noguchi et al., 1995). The 2 patients found to be het-
erozygotes from this group suggest that there might be other
LGMD2C mutations in the Moroccan population, which would
be interesting to investigate. In the second group of patients with
a strongly suggestive diagnosis of AR-LGMD but with no ac-
cess to immunohistochemical analysis, we showed that nearly
65% of them were homozygous for c.525delT. Finally, on the
basis of the identification of 1 heterozygote among 250 new-
borns (assuming that this cohort was fairly representative of the
overall Moroccan population), we estimated that prevalence
of LGMD-2C would be 1/20,492. This prevalence is nearly of
1/51,020 in Europeans (Les Cahiers d’Orphanet 2011). The
observed difference between our population and others can be
explained by the high rate of consanguinity (15.25%) and the
increased prevalence of autosomal recessive diseases in Mor-
occo in consanguineous marriages (60%) (Jaouad et al., 2009).

We therefore propose, in our context and on the basis of
our preliminary results, that screening for c.525delT could be
the first test for AR-LGMD, with a good cost/benefit ratio in
public health strategies, until access to immunohistochemical
analysis is generalized. This might be useful not only for
management of patients, genetic counseling, and prenatal
diagnosis in families but also for novel therapeutic ap-
proaches and future clinical trials.
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Bönnemann CG, Finkel RS (2002) Sarcolemmal proteins and
the spectrum of limb-girdle muscular dystrophies. Semin
Pediatr Neurol 9:81–99.
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