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diagnosis.[5] Allele-specific genetic testing for recurrent 
mutations has been considered as an efficacious strategy 
in populations harboring recurrent mutations.[6] Studies on 
calpainopathies have documented founder mutations in 
select populations. Yield of specific founder mutation alleles 
for diagnosis of limb-girdle muscular dystrophy type 2A 
(LGMD2A) in inbred populations presenting with LGMD 
phenotype has been previously reported from Brazil and 
Germany.[7,8] The Agarwals form an Indian example of founder 
mutations in calpain gene wherein two founder alleles (intron 

Introduction

Limb-girdle muscular dystrophies (LGMDs) are heterogeneous 
disorders comprising many subtypes having phenotypic overlap. 
Definitive diagnosis relies on molecular methods and immune 
assays for specific proteins. Sensitivity and specificity of tests 
used for qualitative or quantitative determination of sarcolemmal 
proteins have limitations.[1,2] Demonstration of pathogenic 
mutations is considered to be confirmative[3,4] but is a formidable 
task, given the large number of genes involved in LGMDs and the 
multitude of pathogenic alleles in individual genes.

On this background, the knowledge of founder mutations in 
populations and communities can be utilized for definitive 
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Abstract

Background and Purpose: Diagnostic evaluation of limb-girdle muscular dystrophy type 2A (LGMD2A) involves specialized studies 
on muscle biopsy and mutation analysis. Mutation screening is the gold standard for diagnosis but is difficult as the gene is large and 
multiple mutations are known. This study evaluates the utility of two known founder mutations as a first-line diagnostic test for LGMD2A 
in the Agarwals. Materials and Methods: The Agarwals with limb-girdle muscular dystrophy (LGMD) phenotype were analyzed for two 
founder alleles (intron 18/exon 19 c.2051-1G>T and exon 22 c.2338G>C). Asymptomatic first-degree relatives of patients with genetically 
confirmed mutations and desirous of counseling were screened for founder mutations. Results: Founder alleles were detected in 26 
out of 29 subjects with LGMD phenotype (89%). The most common genotype observed was homozygous for exon 22 c.2338 G>C 
mutation followed by compound heterozygosity. Single founder allele was identified in two. Single allele was detected in two of the 
five asymptomatic relatives. Conclusion: Eighty-nine percent of the Agarwals having LGMD phenotype have LGMD2A resulting from 
founder mutations. Founder allele analysis can be utilized as the initial noninvasive diagnostic step for index cases, carrier detection, 
and counseling.
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18/exon 19 c.2051-1G>T and exon 22 c.2338G>C) (since 2013 
nomenclature of mutation intron 18/exon 19 c.2099-1G>T 
has changed to intron 18/exon 19 c.2051-1G>T) have been 
described.[9] 

Coming initially from northern India, the Agarwals now 
inhabit most parts of India and also reside in other countries 
in Asia and the Western Hemisphere. The Agarwals practice 
intracommunal exogamy. There are 16 divisions (gotras). 
Marriage customs take into account only the paternal 
sides of the family trees. As this tradition is being followed 
for many centuries, the Agarwals are known to harbor 
autosomal recessive diseases such as megalencephelic 
leukodystrophy, spinocerebellar ataxia-12, and the condition 
under consideration here, LGMD2A.[9-11]

Yield and impact of analysis of founder mutations in the Agarwals 
presenting with LGMD phenotype is as yet undetermined. This 
study was undertaken to evaluate these aspects.

Materials and Methods

This observational study was conducted from January 2010 to 
April 2015 and was approved by the institutional review board.

Inclusion criteria
1.	 Patients from the Agarwal community.
2.	 LGMD phenotype, raised creatine kinase (CK), and 

electromyography suggestive of myopathy.
3.	 First-degree relatives of patients with genetically confirmed 

mutation desirous of counseling.

Exclusion criteria
1.	 Muscular dystrophies other than LGMD (Duchenne 

muscular dystrophy, Becker muscular dystrophy, myotonic 
dystrophy, fascioscapulohumeral dystrophy, congenital 
muscular dystrophy, etc.).

2.	 Neurogenic disorders based on detailed neurological 
examination and electrophysiological studies.

3.	 Participants not consenting for the study.

History and examination
Age of onset and symptoms were documented and pedigree 
charts were prepared. Detailed muscle power charting was 
performed by manual muscle testing scale.[12] Particular 
attention was given to scapular winging, abdominal hernia, and 
Achilles tendon contractures. Examination of sensory system 
and reflexes was performed. Family members were examined 
when possible.

Investigations
Serum CK was estimated using the dimension method. The 
patients underwent electromyography. Oxford Synergy 
Medelec, UK electromyography equipment was used and 
detailed nerve conduction studies and needle examination 
were performed using standard protocol.[13] 

Genetic analysis 
“Agarwal founder mutations” (intron 18/exon 19 c.2051-
1G>T and exon 22 c.2338 G>C) studies were conducted.
[9] 2 mL of blood sample from each patient was collected in 

ethylenediamine tetraacetic acid (EDTA) tube. DNA was 
extracted by Qiagen Blood mini kit, Germany (as per protocol 
provided). Polymerase chain reaction (PCR) amplification was 
performed for exons 19 and 22 of CAPN3 gene followed by 
Sanger sequencing [Figure 1a and b]. The patient’s sequences 
were then aligned to wild type reference sequences using 
mutation surveyor alignment software (Softgenetics, Inc., USA) 
for mutation detection.

Symptomatic individuals testing negative for the mutations 
were studied further. Monocyte assay/ western blot to detect 
the expression of dysferlin protein for LGMD2B (funded by Jain 
Foundation USA, India project) followed by available genetic 
evaluation as applicable was performed.

Results

Preliminary data
Thirty-four subjects fulfilled inclusion criteria (29 LGMD 
patients and 5 asymptomatic relatives of index cases with 
known mutation in the founder alleles). There were 13 males 
and 21 females. Age at presentation ranged 18-48 years and the 
onset of the symptoms was between 11 years and 30 years. The 
most common phenotype was the pelvifemoral type (24/29) 
followed by scapuloheumeral type (5/29). 21/29 patients 
had scapular winging [Figure 2a], 25/29 had Achilles tendon 
contractures [Figure 2b], and abdominal herniae were seen in 
two patients. Average CK value was 3430.

Analysis of founder mutations
Founder alleles were detected in 26 out of 29 index cases, 
resulting in a sensitivity of 89% [Table 1]. The most common 
genotype observed was homozygous state for exon 22 c.2338 
G>C mutation followed by compound heterozygosity. Single 

Figure 1: (a) Sangers sequencing showing CAPN3-Ex 22 
homozygous mutation c.2338 G>C in patient sample (arrow) 
(b) Sangers sequencing showing CAPN3-Intron 18/Ex 19 
heterozygous mutation c.2051-1G>T in patient sample (arrow)
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founder allele was identified in two patients. In two of the three 
index cases who did not show the founder mutation in CAPN3 
gene, monocyte western blot assay showed absent dysferlin 
protein and on further evaluation, using new generation 
sequencing for LGMD panel showed homozygous mutation in 
the dysferlin gene (c.5713 C>T), confirming LGMD2B in these 
two siblings. In the remaining single index case, molecular 
diagnosis could not be reached.

Analysis of family members
Five asymptomatic relatives sought help for the founder allele 
analysis. Among them, two were offsprings of an affected 
homozygous mother planning marriage and the remaining 
three were spouses of index cases having mutation in founder 
alleles [Table 2].

Discussion

In the Agarwals presenting with LGMD phenotype, the 
frequency of finding founder alleles was very high (89%). This 
high frequency of detection underscores two important facts. 
First, LGMD2A is the most frequent LGMD in the Agarwals 
and second, it is a result of mutations in the two founder alleles. 
Hence, studying these two alleles can give substantial detection 
rates. Thus, the present study demonstrates the utility of private 
mutation analysis in the Agarwals. Only three out of 29 patients 
did not have mutations in the founder alleles. Two of these, on 
further investigations were detected to have mutations in the 
dysferlin gene (c.5713 C>T) and in one, molecular diagnosis 
was not achieved. The present study did not find a predilection 
toward any of the gotras.

Detection of private mutations has been successfully used 
in LGMD2A in inbred populations. High frequency of five 
founder mutations in the calpain gene has been reported from 
inbred families in Réunion Island, France (19/20 patients)[14] and 
a very high frequency of single founder allele from a single 
large family of 17 patients from the Mocheni population of 
the Alps.[15] Two other founder mutations have been known 
in the calpain gene, one in Germany and the other in Brazil.[7,8] 
These reports quote the percentage positivity of the founder 
alleles to be 8.1% and 24%. These comparatively low figures 
are explained by the nature of these two investigations 
wherein they included all LGMDs seen in the region, of 
which calpainopathy formed only a part. Founder mutations 
have been reported from regions such as Russia,[16] Croatia,[17] 
Bulgaria,[18] northern Italy,[19] in the Amish community in 
northern Indiana in the USA,[20,21] and in the Gipuzkoa region 
of the Basque Country of Spain.[22,23]

The frequency of the founder mutation in the Agarwals suggests 
that the analysis of the two alleles could be the first step in the 
evaluation of LGMD in the Agarwals, bypassing the biopsy. 
Biopsies are invasive; calpain protein cannot be studied by 
immunostaining methods and facilities for western blotting 
of calpain protein on muscle tissue are available only in a few 
places in India. Moreover, issues in immunoblotting such as false 
positivity and false negativity make it a less favorable test.[1,4,5]

Allele-specific genetic testing is an important tool for the 
detection of preclinical stage of the disease, carrier detection, and 
offering genetic counseling.[2,5,6] In the Agarwals who practice 
intracommunal exogamy, carrier detection is important for 
premarital planning and prenatal planning. As demonstrated 
in Table 2, offsprings of a homozygous index case were obligate 
carriers and hence, premarital testing of their partners was 
advised to avoid transmission to the next generation. Similarly, 
three spouses of index cases undertook prenatal testing, the 
normal genotypes in the spouse making the probability of 
having diseased offspring negligible. Thus, the founder allele 
evaluation helped carrier detection and counseling in this study.

Conclusion

LGMD2A forms a majority of LGMDs in the Agarwals. The 
present investigation establishes the high sensitivity (89%) of 
two founder alleles in the calpain gene in the Agarwals having 
LGMD phenotype. This information is productive for diagnosis, 

Table 1: Results of analysis of founder alleles in index 
cases

Genotype Mutation 1 Mutation 2 Number of 
symptomatic 
subjects (29)

Homozygous c.2338 G>C c.2338 G>C 11
c.2051-1G>T c.2051-1G>T 3

Heterozygous c.2338 G>C c.2051-1G>T 10
Single founder mutation c.2338 G>C 2
No founder mutation detected 3*

*Two of the three patients not showing the founder allele had homozygous 
mutations in the dysferlin gene (c.5713 C>T)

Table 2: Analysis of asymptomatic relatives of index 
cases

Mutation in index case Asymptomatic 
relative 

Mutation 
detected

Purpose 

Affected mother
Homozygous for exon 22 
c.2338 G>C on 22 c.2338 G>C

Son Single allele, 
exon 22 

c.2338 G>C

Premarital

Daughter Single allele, 
exon 22 

c.2338 G>C

Premarital

Wife
Homozygous for exon 22 
c.2338 G>C 

Husband No mutation Prenatal

Wife Compound heterozygous
intron 18/exon 19 c.2051-1G>T 
and exon 22 c.2338 G>C

Husband No mutation Prenatal

Husband Homozygous for 
exon 22 c.2338 G>C 

Wife No mutation Prenatal

Figure 2: (a) Showing scapular winging (b) Showing toe walking 
due to ankle contractures
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carrier detection, and counseling, offering community benefits 
at multiple levels. Testing the founder mutations can be used 
as the first diagnostic test, bypassing the muscle biopsy in the 
Agarwals having LGMDs. 
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