WES analysis reveals a homozygous SGCB variant in a Pakhtun family with LGMDR4
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Abstract

Limb-girdle muscular dystrophy (LGMD) is a term used for _

mainly affecting arms, shoulders, legs and thighs. These patients have altered body posture due to
weak muscles, and have difficulty in holding, standing or walking. Genetic causes of both

autosomal dominant (LGMDD) and recessive (LGMDR) forms have been identified. In this study,

we analyzed a consanguineous Pakistani family of Pakhtun ethnicity. The disease had started at

early childhood (7-8 years). Slowly and gradually the phenotype had worsened, and the patients

had become totally wheelchair bound. Whole exome sequencing (WES) at 100X coverage on
LGMDR4 Structural protein

prediction tools and molecular docking analyses showed critical structural changed in the binding

interface and SGCB protein tunnel. To the best of our knowledge this is the first report of SGCB
variant identified in a Pakhtun family. Structural analysis of p.Ser204Pro substitution widens
SGCB pathogenicity causing LGMDR4 phenotype. WES analysis can be used as a first line
molecular diagnostic test for rare diseases like LGMD in Pakhtun ethnic groups of Pakistani
population. Encouraging premarital testing in the closest relatives of such patients may have

positive impact on reduction of the recurrence risk in their subsequent generations.
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1. Introduction

Limb-girdle muscular dystrophies (LGMDs) are postnatal onset progressive muscles disorders

which mainly affect shoulders, pelvic and girdle muscles (Bushby, 1995). The nomenclature has

been refined and patients with proximal muscles weakness, high serum CK levels, and have

dystrophic changes on muscles histology are considered LGMDs (Straub et al., 2018: Wicklund,

2019). The disease may appear in early childhood in which patients exhibit loss of independent

walking and sudden falls. Respiratory and cardiac muscles abnormalities have also been found

associated with LGMDs (Alonso-Pérez et al., 2020; Guimaries-Costa et al., 2020).

First gene of muscular dystrophy was mapped on chromosome X in 1987 (Hoffman et al., 1987),
and first locus of LGMD on autosome was mapped to chromosome 5g31.2 in 1992 (Speer et al.,
1992). Since then several genes have been reported for various types of LGMD segregating in X-

linked, autosomal dominant and recessive modes of inheritance. Broadly LGMD can be classified

into autosomal dominant (LGMDD) and recessive (LGMDR) forms. Based on their causative

genes the two types are further classified into five (LGMDD1-5) and twenty-four (LGMDR1-24)

sub-types, respectively (Wicklund, 2019). Numerical numbers for sub-clinical types have been

assigned in the order of their causative gene’s discovery (Straub et al., 2018).

A meta-analysis study has provided 1.63 per one million individuals as an estimated prevalence of

LGMDs (Mah et al.. 2016). LGMDR are more common especially in populations with high rate

of consanguineous marriages (Nigro and Savarese, 2014: Mojbafan et al., 2020). Though some

subtypes have been considered more exclusive to specific populations for example o-SG

(LGMDR3) in Europe (Trabelsi et al., 2008). v-SG (LGMDRS5) in the North Africa (Dalichaouche

et al.. 2017) and 6-SG (LGMDRS6) in Brazil (Passos-Bueno et al., 1999). However, relative




frequencies among LGMDRSs subtypes vary in different populations. Just like B-SG (LGMDR4)

variations are considered more frequent in middle east, though they have been reported world-

wide (Alavi et al., 2017; Ozyilmaz et al.. 2019:; Winckler et al., 2019: Mojbafan et al., 2020).

The Khyber-Pakhtunkhwa province, located in the north-western region of Pakistan, is mostly

occupied by Pakhtun tribes. This population, based on ethnic customs and traditions, prefer to
marry within their families. According to one estimate cousin marriages in Pakistan are

approximately 58% and may be higher in rural areas (Pervaiz et al., 2018). Frequent cousin

marriages increase the chance of homozygosity in preceding generations which could be a high

risk for autosomal recessive disorders (Bhinder et al., 2019). As genetic disorders are routed to
zygote level they are hardly cured and most of them are non-treatable or have irreversible

abnormalities which is an economic, psychological and social burden on community.

In this study, we aimed to perform genetic diagnosis of a Pakhtun family residing in district

Nowshera, Khyber Pakhtunkhwa province, Pakistan.

2. Materials and methods

2.1 Ethical approval

Prior to start this study, Institutional Bioethics Committee (IBC), Islamia College Peshawar
provided ethical approval for samples’ collection and research (ref. # 529/oric/icp). An informed
consent was signed by the study participants, and all biosafety measures were undertaken

according to guidelines of “Helsinki’s declaration 2013”.



2.2 Samples’ collection

Pedigree (Figure 1) was prepared interviewing the family elder (mother, II-2, of three affected

individuals). Peripheral blood samples about 5 to 6 ml were collected in EDTA tubes from each
participant. Genomic DNA was extracted using commercially available kits (GeneJET,
ThermoFisher Scientific, USA). The purified genomic DNA was stored at 4°C, which was later on

used in WES and SS analyses.

2.3 Genetic analyses

Based on the LGMD phenotype and autosomal recessive mode of inheritance, we expected the
causative variant in a homozygous or compound heterozygous forms in affected individuals of the
family. As the LGMD candidate genes list was longer and could not be screened through SS. Thus

WES analysis of one affected individual (III-1) was performed. Candidate variants in WES data

were prioritized focusing on the genes previously known in LGMD or overlapping phenotypes. A

list of 44 genes was retrieved under the keywords “autosomal recessive limb girdle muscular

dystrophy” from NCBI genes list (https:/www.ncbi.nlm.nih.cov/gene) for this purpose

(Supplementary Materials Table S1).

2.3.1 WES analysis

WES data generation and basic bioinformatics was performed at Macrogen Inc. Republic of Korea.

It included the following steps as per our requirement.
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Genomic DNA (2-5ug) of III-1 was used to prepare WES libraries using SureSelectV-6
(Agilent Technologies, USA) and sequencing was performed on NovaSeq6000 NGS
platform (Illumina, USA).

The raw data FASTQ sequence files were aligned using BWA (Burrows-Wheeler
Alignment Tool) software (Jo and Koh, 2015). Duplicate sequences removed using
PICARD software (http://broadinstitute.github.io/picard/), and variants annotation was
done with GATK (Genome Analysis Toolkit) software (McKenna et al., 2010; Van der
Auwera et al., 2013).

Potential candidate variants were short-listed using, autosomal recessive model (variants
in homozygous or compound heterozygous form), variant with equal or less than 0.001
minor allele frequency, variants with at least depth quality of >20 and variants in protein
coding regions and intron-exon boundaries. All other variants in deep intronic regions,
coding synonymous amino acids were filtered out.

Shortlisted variants were further assessed for its potential “disease causing or pathogenic”
effect through online prediction tools.

The final variant was subjected to SS to confirm its segregation with the disease phenotype.

Sanger validation

SS in all family members was performed to confirm autosomal recessive segregation of the

selected variant SGCB. Wild-type genomic sequences downloaded from Ensembl Genome

Browser (https://asia.ensembl.org/Homo sapiens/Info/Index accession number

ENSG00000163069). Primers (forward SGCB_4F: 5°- AGCAAGGGACAACAAAGCTC-3’and

reverse SGCB_4R:5’-AGCTTGCAGTGAGTCGAGAT-3") were selected via Primer3Plus online



software (http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi). Standard PCR

amplification program was followed to amplify the target region in all family members.

The SS reactions were prepared using BigDye™ terminator v3.1 cycle sequencing kits and after
purification the products were run on ABI 3500 Genetic Analyzer (Life Technologies, USA). To

verify variations, SS files of each individual were compared with wild type sequences using

BioEdit software (www.mbio.ncsu.edu/BioEdit/bioedit.html).

2.3.3 Secondary and tertiary structure prediction

The crystal structure of SGCB was not available; therefore, 3D model (SGCBYT) was built through
homology modeling on I-Tasser server (Zhang, 2008), and validated through MolProbity server
(Chen et al., 2010). 5Snxk structure was adopted as a template with template modeling score (TM
score of 0.853) and sequence identity of 22%. The altered SGCB>™%™ was developed using
SGCBWT protein structure as a template. The predicted 3D structures were visualized and analyzed
with UCSF Chimera tool (Pettersen et al., 2004). Secondary structure of the two SGCB proteins
were predicted through a sequence based secondary structure prediction server, J-Pred

(http://www.compbio.dundee.ac.uk/jpred/). COFACTOR

(https://zhanglab.ccmb.med.umich.edu/COFACTORY/) and COACH

(https://zhanglab.ccmb.med.umich.edu/COACH/) server were used to predict the critical binding

residues of SGCB protein. Using protein structure and network comparison COFACTOR infers
the critical binding residues while COACH combines the results of COFACTOR, S-SITE and TM-

SITE programs to deduce functionally important residues.

2.3.3.1 Hydropathy and topology analysis
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The transmembrane (TM) helices of SGCBYT and SGCB32%4P™ were evaluate through membrane
protein explorer (MPEx) (Snider et al., 2009), and hydrophobicity of the respective amino acid
was analyzed. The experimental hydrophobicity values were used by MPEx tool to predict the TM
region of query molecule and it was cross validated by Protter tool

(http://wlab.ethz.ch/protter/start/). Pores and channels meant for aid-in passages of ions via the

secondary structures of SGCB were predicted and analyzed by CAVER analyst 2.0 tool (Jurcik et

al., 2018).

2.3.3.2 Effect of alteration on protein structure and function

The structural and functional impact of identified non-synonymous SGCB variant (p.Ser204Pro)
was determined through HOPE server (Venselaar et al., 2010), and the effects of amino-acid
variants in physiochemical properties, structure and spatial function of the proteins were predicted.
Functional motifs in the SGCB protein scanned via in the PhosphoELM database

(http://elm.eu.org/) and evolutionary conservation analysis was performed by using ClustalW

server (https://www.genome.jp/tools-bin/clustalw). In-silico site directed mutagenesis approach

was used to build the SGCBS2%4P* model using SGCBW! as a template. Structure analysis and
verification servers PROCHECK and ERRAT were used to assess the stereo chemical quality and

environmental profile (Colovos and Yeates, 1993; Laskowski et al., 1996).

2.3.3.3 Molecular docking

Molecular docking of SGCBWT with Sarcoglycan Delta (SGCD) and Sarcoglycan Zeta (SGCZ)
were carried out using AutoDock4.0 (Morris et al., 2009). Kollamen united charges were assigned

and Polar hydrogen atom were added with the annealing parameters of 4.0 A° and 2.5 A° for
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hydrogen bonding and Van der Waals interactions, respectively. The grid map was generated on
the whole protein structure with 80 80 80 points and spacing of 0.875 A°. For each docking
experiment number of runs was set to 100. AUTODOCK automatically group the resulting
complex conformation into cluster based on RMSD value with default threshold of 2.0 A R.M.S.D.
The best docked complex for SGCB with SGCD and SGCZ were selected on the basis binding
free energy value and molecular interactions were monitored using ligplot (Wallace et al., 1995),

Discovery Studio visualizer (http://accelrys.com/products/collaborative-science/biovia-discovery-

studio) and UCSF chimera (Pettersen et al., 2004).

3 Results

3.3  Clinical details of our enrolled family

At the time of our visit, the family had six affected members (three males III-1, I1I-2, III-8 and
three females III-3, III-7, IV-1). The disease had autosomal recessive segregation and there were
multiple cousin marriages in the pedigree (Figure 1). One affected girl (III-3) had died at the age
of 20 without any reported medical records. There was no record of previous clinical
investigations; for this reason, we could not specify the exact sub-clinical type of LGMD in this
family. However, an affected individual (III-1 aged 26-years at the time of our visit) narrated his
disease progression himself. They had normal life till the ages of seven to eight, after that slowly
and gradually they faced difficulty in walking, balancing, and running. They were not able to carry
their school bags and would fall down if walk continuously up to 100 meters. From the early
teenage period, they were completely dependent for their daily life being unable to stand, walk or
hold anything. Due to their latest conditions laying on wheel-chairs, we could not investigate

radiological examinations. Apart from muscular weakness, they otherwise had neither hearing
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loss, nor speech articulation abnormalities. Their father (II-1) had died and their unaffected mother

(I1-2) narrated that he had no complications like their children.

3.4 Exome sequencing and candidate gene prioritization

Exome sequencing results, of patient I1I-1, revealed 114,624 variants in total in which 604 variants
were found in the 44 candidate genes (Supplementary Table S1). There were 290 variants in
homozygous and 314 in heterozygous form. Applying the filtering criteria described earlier we

found a homozygous variant in the sarcoglycan beta gene (NM 000232.4: c.610T>C:

p.Ser204Pro). SS confirmed it homozygous segregation in all available affected individuals and
was heterozygous in obligate carriers (Figure 1 and 2). This variant was not present in ethically
matched unaffected or healthy individuals (n=200). Computational analysis of p.Ser204Pro
substitution in SGCB gene with six pathogenicity prediction tools predicted the damaging effect

of identified variant (Supplementary Table S1).

3.3 Structural characterization and mapping of Ser204Pro in SGCB protein

The SGCB secondary structure comprised of 17 B-sheets 3 alpha helices, 12 B-turns and 10 Y-
turns. Ser204 mapped in the B-12 in sarcoglycan domain of SGCB protein. Comparative analysis
of SGCBYT SGCB3*204Pr gecondary structures revealed minor changes in the irregular secondary
structure elements without significant change in the regular secondary structure elements (Figure
3a). A high quality model was predicted SGCBYT with the C-score of 0.98. TM score of 0.8 for

the SGCBWT signified the accurate topology for further analysis (Figure 3b).

Moreover, parameters such as peptide bond planarity, non-bonding interactions, Ca tetrahedral

distortion, main chain H-bond energy, and G-factor for all 3 structures were in favorable ranges.
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Root-mean-square deviation (RMSD) of SGCB™T and SGCBS2%4P™ wag 0.345A. SGCB residues
117,192,193,200, 203, 204,229 were predicted as binding site residues with ¢ score of 0.04 and

cluster size of 5 (Figure 3c).

The size of wild type residue Ser204 is different from the altered Pro204 residue. Proline is bigger

B Ser204Pro

in size and shape and favors the tight turns so it might create bump in the SGC protein

structure. Furthermore, the increased hydrophobicity of altered residue at position 204 can disturb
the correct folding and interaction of the SGCB protein (Figure 4a and b). Results indicated the
conservation of serine at position 204 in the sarcoglycan domain of SGCB protein across seven
homologues species (Figure 4c). Similarly, screening functional motif in the SGCB protein
revealed that Ser204 is located in the GSK3 phosphorylation recognition motif (KASTERIT) with

the conservation score of1.00 and probability of 2.679x1072.

3.3.1 Hydropathy, topology and tunnel analysis

Hydropathy analysis showed that N-terminal part (1-62 aa) of the SGCB protein lied towards the
intracellular part of the membrane with one transmembrane domain encompassing residue 63-93
and C-terminal part of protein lied extracellular. Similarly, no significant change was observed
between the wild type and altered SCGB protein hydropathy plot (Supplementary Figure Sla-c).
Protein tunnels aid in developing the connectivity of functional buried cavities with bulk solvent
and protein channels, in addition to movement of ions across the membrane.
Remarkably, the p.Ser204Pro was observed in tunnel formation (Supplementary Figure S1d) so
the substitution of serine at position 204 with Pro might change the shape of tunnel resulting in
decrease activity and stability of the protein. Overall, tunnel length was 73.729 with score of

0.833. Bottle neck was 1.176 and straightness 0.789.
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3.3.2 Binding interaction analysis

The sarcoglycan complex (SG) comprises of a-, B-, y-, and d-sarcoglycan, and is essential to the
dystrophin-associated glycoprotein complex, = which  provide  structural  stability to
the sarcolemma and protect the muscle fibers from mechanical stress during muscle contraction.

B-sarcoglycan (SGCB) binds to 6-sarcoglycan (SGCD) and newly identified member zeta ({)-

SGCZ of SG complex. Network construction in STRING (https://string-db.org/) revealed strong
binding with experimental evidence for interaction of SGCB with SGCD and SGCZ. The number
of nodes were 11 with 55 edges while the average local clustering coefficient was 1 and p-value

of < 1.0e-16 for the protein-protein interaction network of SGCB protein (Figure 4d,e).

Detailed molecular docking interaction analysis was performed to further assess the
conformational switches of SGCB upon binding with SGCD and SGCZ (Supplementary Figure
S2b). Docking analysis indicated the Glyl117, Pro192, Ser193, Val200, Ala203, Ser204 and
Asn229 of SGCB were involved in number of Vander Waal and electrostatic interactions with the
SGCD and SGCZ protein with binding free energy of -12.34kcal/mol and -11.09kcal/mol
respectively. Ser204 of SGCB made H-bond with the Pro186 of SGCD and second H-bond
between Ala203 of SGCB with Phel87 of SGCB. Apart from these number of hydrophobic
interactions were observed between Glyl17, Ser193 and Asn229 of SGCB with important
interface residues of SGCD (Supplementary Figure S2a and S2b). Similarly docking analysis of
SGCB and SGCD also revealed different type of interactions between important binding residues
of both SG members (Supplementary Figure S2a and S2c¢). So due to serine to proline substitution
at position 204 will disturb the binding motif and might contribute in weakening the interaction

between members of SG family and eventually will decrease the stability of SG complex.
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Discussion

Pathogenic variations in more than 30 genes have been reported to leading to various types of

LGMDs, in which sarcoglycanopathies are considered the most frequent form (Straub et al.. 2018:

Wicklund, 2019; Winckler et al., 2019). There are four types of sarcoglycans (SG) proteins a, B, ¥

and 6 have been reported in LGMDR3, 4. 5, and 6 respectively. SG are transmembrane

glycoproteins which form tetrameric complex across the cell membranes of striated (cardiac and

skeletal) muscles fibers (Tarakci and Berger, 2016; Belhasan and Akaaboune, 2020). These

complexes along with dystrophin have important role in maintain muscles’ membrane integrity

and protects sarcolemma from injuries during muscles contraction and relaxation (Tarakci and

Berger, 2016; Gawor and Prészynski, 2018). Pathogenic variations in any member of these SG-

complexes lead to disease phenotypes.

LGMDR4 (previously known as LGMD2E) is caused by variations in beta-sarcoglycan sub-unit
encoding (SGCB, OMIM 600900) gene, located at 4ql2. These variations are known for
biochemical deficiency in the entire sarcoglycan protein complex (Bonnemann et al., 1995;
Duggan et al., 1997). SGCB is considered the most common cause of LGMDR4 in Iranian
population (Alavi et al., 2017). The variant, ¢.610T>C; p.Ser204Pro, identified in the patients

under investigation lied in extracellular domain of SGCB protein.

In-silico analysis of this study revealed that Pro204 residue create a bump and disturb the correct

folding of SGCB. Remarkably the altered residue was mapped on GSK3 phosphorylation

1
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recognition motif. So. p.Ser204Pro substitution will result in the loss of phosphorylation and may

disturb the normal functioning of SGCB protein. SGCB is crucial member of sarcoglycan complex

and any loss of interaction with other component of complex can lead to a disease phenotype (Gao

and McNally. 2015). Protein-protein interaction revealed that Ser204 is an important residue in

SGCB biding interface and its substitution to Pro204 demolishes normal function of B-SG and may

result in reduction of SG complex stability.

Linkage analysis followed by SS has remained a successful tool and still can be considered for

mapping and screening of causative genes in LGMD families (Speer et al.. 1992: Mojbafan et al.,

2020); however, NGS has almost replaced the older tools introducing WES or targeted genes’
panels in sporadic and familial cases of LGMD (Ghaoui et al., 2015; Ozyilmaz et al., 2019). NGS
tools enables more efficient and cost-effective genetic screening. WES analysis has confirmed

causative gene identification in 45% of LGMD patients which were declared “difficult-to-

diagnose” clinically (Ghaoui et al., 2015). Similarly, LGMD specialized laboratories in US and
UK have improved WES sensitivity for the molecular diagnostics. Turkish and Brazilian patients
also been successfully diagnosed through customized NGS panels (Ozyilmaz et al., 2019;
Winckler et al., 2019). To the best of our knowledge, only two other families with subclinical types
LGMDR6 and LGMDRI10 have been reported so far from Khyber-Pakhtunkhwa province,
investigated through WES analysis (Khan et al., 2019; Younus et al., 2019). This study describes
the first ever LGMDRA4 report from Pakhtun ethnicity of Pakistan.

Genetic screening and counselling could be challenging, especially of LGMD patients from remote
areas of Pakistan. Lack of clinical history makes it difficult to comprehend the disease progression.
In such conditions, only research laboratories make their efforts to visit these remote areas and
make it possible to perform genetic testing through sequencing for these families. Taking muscles
biopsy is a painful invasive procedure for patient (Joyce et al., 2012). Furthermore, diminished or
absent immunostaining in muscle biopsies can though identify SG abnormalities and early loss of
ambulation (Semplicini et al., 2015); but, it does not detect causative genes’ alterations. Thus,
customized NGS genes panels, WES or genome sequencing could be better options to successfully

and efficiently identify the LGMD clinical subtypes.

Conclusion

14



LGMDs have been assigned to more than 30 genes so far, with an equal number of clinical and
sub-clinical types. WES analysis can be used as a first line molecular diagnostic tool in single gene
disorders like LGMDs and it has the potential to uncover the underlying genetic causes. In-time

and cost-effective genetic testing through NGS technologies will have a positive impact on genetic

counselling, premarital and embryonic screening of various ethnic groups of Pakistan, where

cousin marriages are more frequent. It is suggested that WES analysis be adopted as premarital

testing for LGMD and other related rare genetic disorders of this population. The identified variant

(p-Ser204Pro) increased the variation spectra of the SGCB gene and detailed structural and

functional analysis uncovered underlying molecular mechanism of its pathogenesis.
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