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A B S T R A C T

Background: Limb-Girdle Muscular Dystrophy (LGMD) is a rare heterogeneous group of neuro
muscular disorders distinguished by progressive weakness of limb-girdle muscles. Diagnosis of 
LGMD is a challenging task and requires multiple obligatory assays.
Objective: To study the epidemiology, clinical features, the genetic variability in patients diag
nosed with LGMD through Next Generation Sequencing.
Material and Method: A retrospective study of 27 patients suspected of LGMD was done to study 
the phenotypic presentation and the genotypic alteration of the patients, presenting to a tertiary 
care center in Rajasthan were studied.
Results: Out of the twenty-seven patients suspected of LGMD, nineteen patients took genetic tests, 
while eight patients underwent biopsy. Among the nineteen patients, seventeen patients were 
identified with pathogenic mutations. Autosomal Recessive (LGMD-R) was the most common 
subgroup in this cohort. In the LGMD R1 subgroup, the most common mutation was 
c.2051–1 G > T and the exon hotspot was 18–22. The deleterious mutations in the LGMD R2 
subgroup were distributed along the entire coding sequence, without any hotspot. However, C2E, 
C2F, and DysF domains contain variants at higher frequencies. The types of mutations were 
mostly point mutations (34 % of missense mutations and 66 % of nonsense mutations). We 
identified one novel mutation which was considered as a stop codon. Patients(n = 8) who un
derwent muscle biopsy for immunohistochemistry, had absent/reduced sarcoglycan uptake 
(n = 4) or absent dysferlin (n = 2) on the sarcolemma, while the remaining two biopsies were 
inconclusive (due to multiple protein deficiencies).

Introduction

Limb-Girdle Muscular Dystrophy (LGMD) is a diverse and heterogeneous group of disorders that exhibit autosomal dominant or 
recessive inheritance patterns. With a prevalence of approximately 2 in every 100,000 individuals, LGMD and its subgroups con
stitute the fourth most common genetic cause of muscle weakness [1–3].
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Recent advances in understanding the molecular defects underlying these disorders have led to significant changes in their 
classification. However, the vast heterogeneity of LGMD poses challenges in diagnosis, as many subtypes exhibit overlapping phe
notypes. Moreover, the qualitative and quantitative assessment of sarcolemmal proteins has limitations. Therefore, identification of 
pathogenic mutations remains the gold standard for confirmatory diagnosis [4].

The diagnosis of Limb-Girdle Muscular Dystrophy (LGMD) has undergone a significant paradigm shift, transitioning from labor- 
intensive and low-throughput methods like Western Blot and immunohistochemistry to a series of technological breakthroughs that 
have revolutionized the field. The introduction of Next-Generation Sequencing (NGS) in the late 1990s has substantially improved the 
speed, cost, and resolution of diagnosis, enabling the simultaneous analysis of multiple genes and genetic variants. This has led to a 
better understanding of the molecular mechanisms underlying LGMD and its subtypes.

According to the 229th ENMC International Workshop, Limb-Girdle Muscular Dystrophies (LGMDs) with autosomal dominant 
inheritance, designated as LGMD-D, comprise five well-defined subtypes (LGMD-D1–5), each characterized by distinct genetic and 
clinical profiles. In contrast, autosomal recessive LGMDs, classified as LGMD-R, encompass a more extensive spectrum of 24 subtypes 
(LGMD-R1–24), underscoring the remarkable genetic heterogeneity inherent to this disorder [5].

In this study, we aimed to classify patients presenting with progressive muscle weakness or those with pre-existing mutational 
diagnoses into LGMD subtypes using a cost-effective and efficient diagnostic test that minimizes financial burden on patients. Our 
investigation explored the genetic and clinical heterogeneity of the phenotypes involved, with a focus on elucidating the complex 
relationships between genetic mutations, protein dysfunction, and disease pathology. By leveraging the power of NGS and advanced 
bioinformatic analyses, we sought to refine our understanding of LGMD's molecular underpinnings and improve diagnostic accuracy, 
ultimately paving the way for personalized therapeutic approaches and improved patient outcomes.

Materials & methods

A total of 27 patients presenting with progressive muscle weakness, suspected to have Limb-Girdle Muscular Dystrophy (LGMD), 
were enrolled in this study from SMS Hospital and the Center for Rare Disease, JK Lone Hospital, Jaipur, India, between April 2021 
and April 2022. Informed consent was obtained from all patients and their relatives, and the study protocols were approved by the 
Institutional Review Board and ethics committees of SMS Medical College and Hospital (Ref No 394MC/EC/2022).

Patients underwent comprehensive evaluations, including clinical history, electrophysiological assessments, histopathological 
analysis, and genetic testing. They were classified into LGMD-Dominant (D) and Recessive (R) subtypes based on their genetic results. 
Detailed clinical evaluations included a thorough examination of developmental and family history, physical examination (muscle 
wasting, hypertrophy, gait analysis, neurological and musculoskeletal assessments), serum creatine kinase (CPK) level, and elec
tromyography. Molecular testing for LGMD was conducted using Next-Generation Sequencing techniques (Whole Exome Sequencing 
or Targeted gene panel), and muscle biopsy with immunohistochemical staining (α, β, γ, and δ sarcoglycan, Dysferlin, and caveolin) 
was performed when feasible.

Test results were interpreted in the context of clinical findings, family history, and biochemical data. Patients were categorized 
into four clinical subtypes: Childhood-onset LGMD (weakness in proximal muscles, onset between 2–18 years), Adult-onset LGMD 
(weakness in proximal muscles, onset after 18 years), Distoproximal myopathy (weakness starting in distal limb girdle muscles), and 
Other LGMDs (no/mild weakness with persistent high creatinine kinase levels) [6].

Samples

Genomic DNA of patients and their relatives were extracted from blood samples EDTA anti-coagulated blood using a DNeast®, 
Blood and Tissue kit (Qiagen Gmbh, Strasse, Germany). All genomic DNA samples were re-purified and re-eluted in nuclease-free 
water using the QIAamp DNA micro kit (Qiagen). The quantity and quality of the genomic DNA was determined using both the 
NanoDrop (Multiskan Sky reader, Thermo Fisher Scientific Inc. and the Qubit 4.0 fluorometer (Thermo Fisher Scientific Inc., 
Rochester, NY). The integrity of genomic DNA was validated on Agarose gel electrophoresis.

Sequence capture, library preparation, and analysis

Selective capture and sequencing of the protein-coding region of the genomes/genes was performed on targeted gene sequencing. In 
solution, hybridization of coding exons and flanking intronic regions within the gene was performed on the individual genomic DNA. The 
libraries were sequenced to mean >  80–100X coverage on the Illumina sequencing platform (Medgenome, Bangalore, India, and LifeCell 
Diagnostics, Chennai, India). A base is considered to have sufficient coverage at 20X and an exon is considered fully covered if all coding 
bases plus three nucleotides of flanking sequence on either side are covered at 20X or more. GATK practice framework was used for variant 
identification. The sequences obtained are aligned to the human reference genome (GRCh37/hg19) using the BWA program [7,8] and 
scrutinized using the Picard and GATK Lite toolkit [9,10] to identify variants relevant to clinical indication.

Analyzed Genes-NGS-based Gene panel comprises of 64 genes (Medgenome, Bangalore, India) of LGMD (Supplementary Table 1).

Clinical exome sequencing-

Sequencing of the protein-coding region in the genes was performed using Illumina next-generation sequencing (LifeCell 
Diagnostics, Chennai, India) systems at a mean coverage of 80–100X in the target region. Duplicate reads identification and removal, 
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Base quality calibration, and re-alignment of reads based on indels were done using inbuilt Sention modules [11]. Sention’s Hap
lotypecaller module and Deep variant analysis pipeline on the Google Cloud platform have been used to identify variants that are 
relevant to clinical Indications.

Gene annotations were performed using the Ensembl Variant Effect Predictor VEP (Variant Effect Predictor) program of 75 human 
gene model [12].

We investigated the distribution of disease-causing mutations identified in all cases. The types of mutations encountered in each 
subtype were analyzed. The exclusion criteria included patients diagnosed with muscular weakness attributed to central nervous 
system diseases, autoimmune diseases, Duchenne muscular dystrophy, Becker muscular dystrophy, congenital muscular dystrophy 
(patients who never achieved walking), and those who declined consent for the study.

Data collection sheets were thoroughly reviewed for completeness and securely stored. The data was then entered into Microsoft 
Excel 2012 and exported to the statistical software SPSS version 17 for analysis. A significance level of p  <  0.05 was adopted to 
determine statistical significance.

Results

Our study revealed that Autosomal Recessive LGMD is the most prevalent form in this region of India. Among LGMD R1 patients, 
males were more frequently affected (1.2:1). We clinically categorized 13 cases as childhood-onset LGMD, 7 as adult-onset LGMD, 5 
as distoproximal myopathy, and 2 as other LGMD patterns based on their presentation (Table 1). Additionally, we observed con
tractures in the ankle (2 cases) and elbow (1 case), lordosis (1 case), and no loss of ambulation in all patients. Cardiac evaluation 
showed normal ECG and Echo results in all cases.

We evaluated 9 suspected cases of Calpainopathy and identified 7 pathogenic mutations (Table 2). Notably, two variable mu
tations of unknown significance, c .1347 C > A (p.N449K) and c.1376 A > G (p.Gln459Arg), were prominent. The most common 
mutation was c.2051–1 G > T, which occurred in 7 cases, causing a splice acceptor mutation. We also observed a missense mutation, 
c .2338 G > C, in 3 cases. LGMD R2 was the most common subgroup, with a male-to-female ratio of 1.5:1 (Table 3). The mean age of 
onset was approximately 25 years, with relatively faster disease progression compared to calpainopathy. We observed calf atrophy 
(4/10), hamstring contractures (2/10), scapular winging (1), finger flexor contractures (1), and the diamond sign (2 cases) (Fig. 1). 
Respiratory vital capacity was reduced in 2 cases, but all patients remained ambulatory.

Among the ten suspected patients, nine were confirmed to have pathogenic mutations, while one patient had a heterozygous 
variable mutation of unknown significance (c.576_577delAG and c .5626 G > G/A), although with strong clinical suspicion. The 
allele frequencies of disease-causing mutations identified in this study were: missense mutations (20%), nonsense mutations (40%), 
frameshift mutations (10%), and intronic mutations (10%) (Table 3). Notably, we observed a higher proportion of nonsense mu
tations compared to deleterious missense changes (Table 4). Consistent with previous reports, no "mutational hotspot" was found, 
with mutations distributed across the entire coding sequence of the DYSF gene. However, the C2E, C2F, and DysF domains of the 
dysferlin protein showed the highest frequency of mutations in this study (Supplementary Table 2). We identified one novel mutation, 
c. 2212 C > T (p.Q738X), a stop codon considered pathogenic.

Immunohistochemical analysis using dysferlin antibodies revealed both sarcolemmal and cytoplasmic staining. One case showed 
absent staining in both sarcolemma and cytoplasm, while another case exhibited low cytoplasmic staining relative to membrane 
labeling, which was confirmed on immunoblot (Table 5). Our findings demonstrated a good correlation between dystrophic findings 
and IHC results.

Discussion

Limb-girdle muscular dystrophy (LGMD) is a rare and heterogeneous group of autosomal inherited muscular dystrophies.[13,14].
In India, the cultural practice of endogamy (marrying within one's community) has led to a limited gene pool within communities 

over centuries. Although marrying within gotras (ancestral lineage) is prohibited by custom, the tradition of changing a woman's 
gotra to her husband's after marriage and subsequent marriages of her children with their maternal cousins perpetuates the issues of a 
decadent gene pool. These practices have contributed to a higher incidence of autosomal recessive LGMDs in India [15].

In this study, Dysferlinopathies (40%) and Calpainopathies (36%) emerged as the most common causes of LGMD. Consistent with 
previous investigations in India, Dysferlinopathy, GNE myopathy, calpainopathy, and sarcoglycanopathies are prevalent in the 
country [15,16]. However, the higher frequency of dysferlinopathy in our study compared to Western data may be attributed to the 

Table 1 
Classification of LGMD Cases Based on Clinical Presentation and Genotype. 

Clinical Phenotype 
Genotype

Childhood onset Adult onset Disto proximal Other Total Cases 
diagnosed

Clinically Suspected 
Cases

LGMD R1 5 2 7 9
LGMD R2 1 3 5 9 12
LGMD R3-R6 4 0 4 4
Unclassified LGMD 3 2 2 7 2
Total 13 7 5 2 27 27
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widespread practice of consanguineous and communal marriages in India [17]. Furthermore, the recurrence of founder mutations in 
small communities due to isolated genetic drift and inbreeding has contributed to the high incidence of private mutations, which is a 
major causative factor [17].

Our study revealed a significantly high frequency of founder alleles, consistent with Khalidkar's observation that intercommunal 
exogamy among the Agarwals led to the emergence of "Agarwal founder mutations" (intron 18/exon 19 c.2051–1 G > T and exon 
22 c .2338 G > C) [16]. The high detection rate of founder mutations suggests that targeting these two alleles can lead to substantial 
detection rates in patients with LGMD phenotype in Northern India.

Correlating clinical phenotypes with genotypes, we found that 6 and 7 cases of childhood-onset LGMD were molecularly diag
nosed through genetic testing and IHC, respectively. Among adult-onset and distoproximal LGMD cases, all 7 and 4/5 cases were 
genetically detected, respectively. LGMD R2 was the most frequent phenotype in adult-onset and distoproximal LGMD, while LGMD 
R1 was most common in childhood-onset phenotype (Table 1). The age of onset for total LGMD ranged from 10–30 years, with a 
overall male predominance (n = 17, 62.9%). Notably, childhood-onset LGMD showed faster and more disabling progression of 
symptoms compared to adulthood-onset LGMD.

Among the 19 suspected patients, 17 had pathogenic mutations, while 2 had variable mutations of unknown significance. Of the 
17 pathogenic mutations, 2 patients had two pathogenic mutations, 6 had one heterozygous pathogenic mutation, and 9 had 
homozygous mutations.

Table 2 
Mutation analysis in LGMD R1 patients in Indian population. 

S. No Age Gender Gene affected Nucleotide Exon Zygosity Final diagnosis & inheritance Type

Case 1 19 Male CAPN3 c.2051 −1 G > T 
c .2338 G > C

19 
22

Heterozygous Calpainopathy(LGMD R1) (AR) P

2 21 Female CAPN3 c.2051 −1 G > T 
c .2338 G > C (p.Asp780His)

19 
22

Heterozygous Calpainopathy(LGMD R1) (AR) P

3 10 Male CAPN3 c.2051 −1 G > T 19 Homozygous Calpainopathy(LGMD R1) (AR) P
4 12 Female CAPN3 c.2051 −1 G > T 18 Homozygous Calpainopathy(LGMD R1) (AR) P
5 11 Male CAPN3 c.2051 −1 G > T 

c .2338 G > C (p.Asp780His)
18 
22

Heterozygous Calpainopathy(LGMD R1) (AR) P

6 10 Female CAPN3 c.2051 −1 G > T 18 Homozygous Calpainopathy(LGMD R1) (AR) P
7 11 Female CAPN3 c.2051 −1 G > T 3 Homozygous Calpainopathy(LGMD R1) (AR) P
8 18 Male CAPN3 c.1376 A > G (p.Gln459Arg) 8 Homozygous Calpainopathy(LGMD R1) (AR) V
9 28 Male CAPN3 c .1347 C > A (p.N449K) 10 Homozygous Calpainopathy(LGMD R1) (AR) V

COL6A1 c .262 G > A(p.A88T) 3 Heterozygous BM1(AR/AD);UCMD1(AR/AD) V
COL6A2 c .22 G > A(p.V8M) 2
DYSF c .3355 G > A(p.V1119M) 31 Heterozygous LGMDR2(AR) V

BM-Bethlem Myopathy,UCMD-Ulrich Congenital Muscular Dystrophy, P-Pathogenic,V-Variable significance

Table 3 
Mutation analysis in LGMD R2 patients. 

S. No Age Sex Gene Nucleotide Protein Exon/ 
intron

Zygosity Disease & Inheritance Type

Case 10 27 F DYSF c .5077 C > T (p.R1693W) 45 Heterozygous Dysferlinopathy, LGMD R2 (AR) P
11 23 F DYSF c.5516_5517dup e.Phe1840fs 49 Heterozygous Dysferlinopathy, LGMD R2 (AR) P
12 26 F DYSF 

ANO5
c.3041 A > G 
c .1406 G > A

p.Y1014C 
p.W469X

29 
14

Homozygous 
Heterozygous

MM1/ LGMD R2 /DMAT (AR) 
LGMD R12(AR)

P

13 25 M DYSF c .4459 G > T (p.E1487X) 3 Homozygous Dysferlinopathy, LGMD R2 (AR) P
14 22 M DYSF c.5668 −824 C > T - IVS 50 Heterozygous MM1/ LGMD R2 /DMAT (AR) P

DYSF c .206 T  >  G (p.Val69Gly) 3 LGMD R2(AR) V
15 24 M DYSF c .3137 G > A p.R1046H 29 Homozygous MM1/ LGMD R2 /DMAT (AR) P

COL6A3 c.9209 A > G p.Y3070C 41 Heterozygous BM(AD);UCMD(AD/AR) V
SYNE2 c.6599 A > G p.K2200R 43 Heterozygous EDMD5(AD)
TTN c .2218 C > A p.R740S 14 Heterozygous TTNRD(AD/AR)

16 29 M DYSF c .2442 G > A p.Trp814Ter 24 Homozygous MM1/ LGMD R2 /DMAT (AR) P
17 31 M DYSF c .4590 C > A p.Cys1530Ter 42 Heterozygous Dysferlinopathy, LGMD R2 (AR) P

C .2831 G > A p.Trp944Ter 26 Heterozygous
18 20 F DYSF c. 2212 C > T p.Q738X 23 Homozygous LGMD R2 (AR) P

SYNE1 c.4399 A > G 
c .6670 G > A

p.V1467L 
p.V2224L

34 
45

Heterozygous EDMD(AD)/SCA8 (AR) V

TTN c.11308 A > G 
c.16975 A > G

p.T3770A 
p.L5659V

48 
68

Heterozygous LGMD D3/R10(AD/AR)

19 22 M DYSF c.576_577delAG 
c .5626 G > G/A

p.Glu193GlyfsTer8 
p.D1876N

7 
50

Heterozygous LGMD R2 (AR) V

EDMD-Emery dreifuss muscular dystrophy, SCA8-Spinocerebellar Ataxia 8, MM1-Miyoshi Myopathy, DMAT-Distal myopathy with anterior tibial onset, TTNRD-TTN 
related disorder, P-Pathogenic,V-Variable significance
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We successfully diagnosed 74% (20/27) of the total LGMD cases. Immunoblot analysis, used as a screening tool, could further 
enhance diagnostic efficacy. In this study, immunoblot was performed following IHC in only one case. We also investigated protein- 
protein interactions among genes associated with DNA repair genes (Fig. 2, Fig. 3). Notably, strong physical interactions were 
observed between: 

• SGCB (Sarcoglycan beta), SGCD (Sarcoglycan delta), SGCA (Sarcoglycan alpha) and SGCG (Sarcoglycan gamma);
• FLNC, SGCB and SGCD;
• TTN and TCAP;
• LMNA and NFYA
• CAV3 and DAG1.

Fig. 1. (1a) ‘Diamond on quadriceps sign’ in a case of LGMD-2B. (1b) Anterolateral aspect of the leg showing an abnormal diamond-shaped bulge standing out in the 
middle of the thigh.

Table 4 
Classification of disease-causing mutations of dysferlin gene in this study. 

Mutation types Number of Mutations Allele frequency

1. Point mutations
Missense mutations 

Nonsense mutations
2 c.3041 A > G 

c .3137 G > A
4 c .5077 C > T 

c. 4459 G > T 
c .2442 G > A 
c .4590 C > A

2. Frameshift 1 c.5516_5517dup
3. Stop Codon 2 c. 4459 G > T 

c .2212 C > T
4. Intronic mutation 1 c.5668 −824 C > T

Table 5 
Immunohistochemistry in the LGMD patients who underwent muscle biopsy. 

S. No. Age Sex Histological finding IHC finding Diagnosis

1 14 M Muscular dystrophy Absent dysferlin Dysferlinopathy,LGMD2B
2 17 M Muscular dystrophy Reduced alpha sarcoglycan Sarcoglycanopathy
3 17 F Muscular dystrophy Absent beta sarcoglycanopathy Sarcoglycanopathy
4 24 M Muscular dystrophy Absent dysferlin,confirmed on immunoblot Dysferlinopathy,LGMD2B
5 16 M Muscular dystrophy Reduced beta sarcoglycanopathy Sarcoglycanopathy
6 16 M Muscular dystrophy Absent beta sarcoglycanopathy Sarcoglycanopathy
7 11 M Muscular dystrophy Absent gamma sarcoglycanopathy, Absent beta sarcoglycanopathy and absent dysferlin Muscular dystrophy.Unclassified
8 12 F Muscular dystrophy Absent alpha sarcoglycan,weak gamma sarcoglycan and weak dysferlin Muscular dystrophy.Unclassified
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The c.2051–1 G > T mutation leads to a splice acceptor mutation in intron 18 of the CAPN3 gene, disrupting RNA splicing and 
resulting in a non-functional or absent protein product [16]. In contrast, the c .2338 G > C mutation is a missense mutation, sub
stituting histidine for aspartic acid at codon 780 (p. Asp780His) in the CAPN3 protein. Although the aspartic acid residue is highly 
conserved, the replacement results in reduced protein expression and autolytic activity in muscle biopsy samples, likely due to the 
moderate physicochemical difference between the two residues [18,19]. Notably, both mutations have been identified as founder 
mutations in the Agarwal community from Northern India, often occurring in a homozygous state or in combination with other 
CAPN3 variants.

Human dysferlin, a 237-kDa transmembrane protein, plays a crucial role in calcium-mediated sarcolemma resealing. Its structure 
consists of an intracellular cytoplasmic N-terminal domain, a transmembrane domain, and a short extracellular domain. The cytosolic 
domain comprises seven conserved C2 domains (C2A-G), which are characteristic of the ferlin family. The C2A domain is involved in 
calcium-dependent lipid binding [20] Additionally, dysferlin contains FerA [21]and DysF [22]domains, mutations in which can lead 
to muscular dystrophies. The FerA domain is a four-helix bundle that interacts with membranes in a calcium-dependent manner [21]. 
In our study, variants were distributed throughout the DYSF gene, but C2F, DysF, and C2E domains showed a higher frequency of 
variants (Supplementary table 2). We identified six point mutations (34% missense and 66% nonsense), one frameshift mutation, and 
one intronic mutation, including a novel mutation c. 2212 C > T (p.Q738X) leading to a stop codon. This is consistent with Krahn 
et al.'s report of 22 distinct novel mutations, including 52% point mutations, 28% frameshift mutations, 18% intronic mutations, and 
1% in-frame deletions, with no clustering in specific exons or domains [23].

Fig. 2. Gene interaction network highlighting associations among proteins related to Limb-Girdle Muscular Dystrophy. 
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Western blot and immunohistochemistry (IHC) are essential tools for diagnosing calpainopathy and dysferlinopathy [17]. 
However, calpain protein cannot be immunostained and requires blotting. While quantitative measurements are useful, they lack 
specificity due to secondary reductions in dysferlin protein on IHC and calpain on immunoblot, which can also occur in other LGMDs 
like caveolinopathy and anoctaminopathy [17,24]. In addition, some gene mutants result in normal or increased protein expression 
like mutations causing exon skipping or intronic mutations, still preserves the reading frame but the corresponding deleted region is 
essential for protein expression leading to degradation and deleterious effect, hence, false negative results (17). The cost of blotting is 
a significant limitation in developing countries like ours, making gene analysis the gold standard for diagnosis [25].

Similarly, the patterns of sarcoglycan expression can predict the primary defect, but the residual sarcoglycan expression can be 
highly variable, making it challenging to accurately predict the genotype in most cases.

This hospital-based study provides valuable insights into the mutation spectrum of LGMD, enabling more precise management 
and treatment at our center. Patients diagnosed with LGMD received interdisciplinary care, including physiotherapy, speech therapy, 
occupational therapy, and deflazacort, with monthly follow-ups. While exercise is widely accepted as beneficial for LGMD, some 
studies suggest that intense muscle contractions may lead to permanent muscle damage [26]. Ongoing research explores innovative 
treatments, such as gene transfer therapy, CASPER/Cas9, and exon skipping, to achieve therapeutic goals [27] The prognosis of 
LGMD depends on the age of onset, severity, and progression of symptoms, highlighting the importance of early diagnosis and 
intervention.

The major limitations of our study include a small sample size, the lack of immunoblot data for all cases, and limited follow-up 
data after treatment initiation. Additionally, the WES assay has inherent limitations, including the inability to detect single and 

Fig. 3. Focused interaction map of the DYSF protein with associated genes and their functional relationships. 
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multiple exon deletions and duplications, variants in intronic, promoter, and enhancer regions, and areas with large tandem repeats. 
Furthermore, the assay is not designed to detect mosaicism, which may be investigated at the laboratory's discretion on a case-by-case 
basis.

Conclusions

Advances in molecular biology have significantly expanded our knowledge of LGMDs, shedding light on their pathophysiology, 
founder effects of mutations, and phenotype-genotype correlations. As therapies under development are mutation-specific, accurate 
diagnosis and categorization of these disorders are crucial. Notably, therapeutic trials have shown that multiple muscle biopsies are 
no longer necessary, as clinical outcome measures can predict disease activity, regression, and treatment efficacy. Dysferlinopathy 
and Calpainopathy emerged as the most prevalent LGMD subtypes in this study. Further emphasis on understanding pathogenesis, 
refining diagnostic strategies, and monitoring disease progression is essential to enhance translational research and improve patient 
outcomes. Comprehensive data collection is vital for informing future clinical trial designs for gene therapies. Therefore, more studies 
like this one should be encouraged to enhance the quality of life for patients with LGMDs.
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