Supplementary Data
Supplementary Tables
Supplementary Table 1: Cardiac and pulmonary function testing in patients with hereditary myopathy.
	Test
	Abnormal test /number tested (%)

	Pulmonary function test 
	

	Low FVC *
	38/48 (79)

	MIP †
	19/25 (76)

	MEP ‡
	22/25 (88)

	[bookmark: _heading=h.3rdcrjn] Use of BIPAP
	12/48 (25)

	Dilated cardiomyopathy# 
	2/74 (3)

	Arrhythmia ƒ
	7/65 (11)

	Pacemaker insertion
	1/65 (1)


* FVC: considered abnormal when less than 80 percent  predicted. (1)
† MIP: considered abnormal when more than -70 cmH2O. (1)
‡ MEP: considered abnormal when less than +90 cmH2O. (1)
# Dilated cardiomyopathy is defined as enlargement and dilation of one or both ventricles along with impaired contractility, defined as left ventricular ejection fraction less than 40 percent on ultrasound echocardiography. (2)
ƒ Abnormalities in the heart rhythm detected by electrocardiogram or Holter monitoring include atrial fibrillation, supraventricular tachycardia, and atrioventricular block (to any degree).
BIPAP, bilevel positive airway pressure; FVC, forced vital capacity; MEP, maximal expiratory pressure; MIP, maximal inspiratory pressure. 



Supplementary Table 2: Characteristics of pathogenic or likely pathogenic variants in 20 patients with hereditary myopathy
	Gene
	Variant
	Zygosity
	Pathogenicity classification
	Molecular consequence 
	Inheritance
	Number of patients carrying variant N= 20§

	DYSF
	DYSF(NM_001130987.2) c.167dup p.(Ile58fs)
	Homozygous
	Pathogenic
	Frameshift
	AR
	2

	DYSF
	DYSF(NM_003494.4) c.164dup p.(Ile57fs)
	Homozygous
	Pathogenic
	Frameshift
	AR
	2

	FKRP
	FKRP(NM_024301.5) c.941C>T p.(Thr314Met)
	Homozygous
	Pathogenic
	Missense
	AR
	2

	CAPN3
	CAPN3(NM_000070.3) c.1076C>T p.(Pro359Leu)
	Homozygous
	Pathogenic
	Missense
	AR
	2

	COL6A1
	COL6A1(NM_001848.3) c.128A>C p.(Asp43Ala)*
	Homozygous
	Likely Pathogenic
	Missense
	AR
	2

	AGL
	AGL(NM_000642.3) c.664+1G>A 
	Homozygous
	Pathogenic
	splice donor
	AR
	2

	SGCA
	SGCA(NM_000023.4) c.101G>A p.(Arg34His)
	Homozygous
	Pathogenic
	Missense
	AR
	2

	ANO5
	ANO5(NM_213599.3) c.172C>T p.(Arg58Trp)
	Homozygous
	Pathogenic
	Missense
	AR
	1

	TTN
	TTN(NM_001267550.2) c.95195C>T p.(Pro31732Leu)
	Heterozygous
	Pathogenic
	Missense
	AD
	1

	CLCN1
	CLCN1(NM_000083.3) c.2789del p.(Pro930fs)
	Homozygous
	Pathogenic
	Frameshift
	AR
	1

	LAMP2
	LAMP2(NM_002294.3) c.741+1G>A
	NA
	Likely pathogenic
	splice donor
	X-linked dominant
	1

	PGAM2 
	PGAM2(NM_000290.4) c.268C>T p.(Arg90Trp)
	Compound Heterozygous
	Pathogenic
	Missense
	AR
	1

	
	PGAM2(NM_000290.3) c.562_574delAACAGCCTGCGGG p.(Asn188Alafs*17)*
	
	Likely pathogenic
	Frameshift
	AR
	

	TYMP
	TYMP(NM_001953.5) c.355G>A p.(Gly119Arg)*
	Homozygous
	Likely Pathogenic
	Missense
	AR
	1


AD, autosomal dominant; AGL, amylo-1,6-glucosidase, 4-alpha-glucanotransferase; AR, autosomal recessive; ANO5, anoctamin-5; CAPN3, calpain-3; CLCN1, chloride voltage-gated channel 1; COL6A1, collagen Type VI Alpha 1 Chain; DMD, dystrophin; DYSF, dysferlin; FKRP, fukutin-related protein; LAMP2, lysosomal associated membrane protein 2; NA, not applicable; PGAM2, phosphoglycerate mutase 2; SGCA; sarcoglycan alpha; TTN, titin; TYMP, thymidine phosphorylase. 
§ The numbers represent cases where original genetic reports were available for review. 7 patients with myotonic dystrophy type1, 6 patients with Dystrophinopathy, and 2 patients with Facioscapulohumeral muscular dystrophy type1 are not included in this table.
* Variants not previously published.

Supplementary Table 3: Clinical phenotypes, electromyographic and muscle histopathologic findings in patients with indeterminate molecular genetic diagnoses. 
	
	All cases
N=21
	No variants detected 
N=12
	Variants of uncertain significance
N=9

	Clinical phenotype
	
	
	

	Limb-girdle weakness
	7
	2
	5

	Facial weakness and scapular winging
	3
	3
	0

	Distal weakness with early respiratory failure
	2
	1
	1

	Exertional myalgia and cramps
	2
	2
	0

	Humeroperoneal weakness
	1
	1
	0

	Ptosis and/or ophthalmoplegia
	1
	1
	0

	Rhabdomyolysis
	1
	1
	0

	Paradoxical paramyotonia with electrophysiologic myotonia
	1
	0
	1

	Episodic weakness with hypokalemia
	1
	1
	0

	Episodic weakness with hyperthyroidism
	1
	0
	1

	Hypotonia & developmental delay
	1
	0
	1

	Positive family history 
	9
	8
	1

	Electromyographic findings 
	
	
	

	Myopathy, non-irritative
	12
	6
	6

	Normal
	5
	4
	1

	Myopathy, irritative
	2
	2
	0

	Myopathy with myotonic discharges
	1
	0
	1

	Muscle biopsy findings (N=14)
	
	
	

	Myopathic, non-specific
	12
	8
	4

	Dystrophic changes
	2
	0
	2

	Normal
	0
	0
	0



Supplementary Table 4: Characteristics of variants of uncertain significance (VUS) in 9 patients with suspected hereditary myopathy

	Clinical phenotype
	Molecular testing method
	Number of patients
N=9
	Gene
	Variant
	Molecular consequence
	Zygosity
	Inheritance

	Limb-girdle weakness
	NGS-NM
	1
	TTN
	TTN(NM_001267550.2) c.97054C>T p.(Arg32352Cys)
	Missense
	Heterozygous
	AD

	
	NGS-NM
	1
	TTN 
	TTN(NM_001267550.2) c.60314T>G p.(Val20105Gly) TTN(NM_001267550.2) c.105562A>C p.(Ile35188Leu)
	Missense
	Compound Heterozygous
	AD

	
	WES
	1
	CCDC40
NEB
POLG
	CCDC40(NM_017950.4) c.3184C>G p.(Leu1062Val)
NEB(NM_001164508.2) c.19363C>T p.(Pro6455Ser)
POLG(NM_002693.3) c.3098C>T p.(Ala1033Val)
	Missense
Missense
Missense
	Heterozygous
Heterozygous
Heterozygous
	AR
AR
AR


	
	WES
	1
	CAPN3
	CAPN3(NM_000070.3) c.77C>T p.(Pro26Leu)
	Missense
	Heterozygous
	AR

	Paradoxical paramyotonia with electrophysiologic myotonia
	WES
	1
	SCN4A
	SCN4A(NM_000334.4) c.2599_2616dup p.(864_866AGE)
	Inframe insertion
	Heterozygous
	AD

	Episodic weakness with hyperthyroidism
	WES
	1
	LRP4

	LRP4(NM_002334.3) c.2846T>C p.(Phe949Ser)
	Missense
	Homozygous
	AR

	Hypotonia & developmental delay
	WES
	1
	MACF1
	MACF1(NM_01290.5) c.10234T>C p.(Ser3412Pro)
	Missense
	Heterozygous
	AD

	Distal weakness with early respiratory failure
	NGS-NM
	1
	TTN
	TTN(NM_001267550.2) c.106126G>A p.(Gly35376Arg) 
	Missense
	Heterozygous
	AD

	Limb-girdle weakness
	NGS
	1
	TTN
	TTN(NM_001267550.2) c.107387A>C p.(Glu35796Ala)
	Missense
	Homozygous
	TTN 


AD, autosomal dominant; AR, autosomal recessive; CAPN3, calpain-3; CCDC40, coiled-coil domain-containing protein 40; LRP4, low density lipoprotein receptor-related protein 4; MACF1, microtubule-actin cross-linking factor 1; NEB, nebulin; NGS, next-generation sequencing - neuromuscular panel; POLG, polymerase, DNA, gamma; SCN4A, sodium voltage-gated channel, alpha subunit 4; TTN, titin; WES, whole exome sequencing. 

Supplementary Table 5: Distribution of clinical diagnoses among 8 families with 2 or more members suspected to have hereditary myopathy
	
	Clinical diagnosis
	Number of individuals with clinically suspected hereditary myopathy

	Family 1 
	Ullrich congenital muscular dystrophy 
	2

	Family 2 
	FSHD
	3

	Family 3 
	EDMD
	2

	Family 4 
	Dysferlinopathy 
	2

	Family 5 
	Paramyotonia congenita 
	2

	Family 6 
	Becker muscular dystrophy
	2

	Family 7 
	DM1
	2

	Family 8
	DM1
	2

	
	Total
	17


DM1; myotonic dystrophy type 1; EDMD, Emery-Dreifuss muscular dystrophy; FSHD, Facioscapulohumeral muscular dystrophy

Supplementary Table 6: Number of repeat expansions in 3 patients with Myotonic dystrophy type1*
	
	Repeats on allele 1
	Repeats on allele 2

	Patient 1 
	12±1

	>60

	Patient 2 
	11

	>72

	Patient 3 
	12±1

	>67


*  Access to original genetic reports was not possible for 4 patients with pathogenic repeat expansions in DMPK.

Appendix 1
Molecular Testing Methods
Centogene (Rostock, Germany)
WES
Genomic DNA is enzymatically fragmented, and target regions are enriched using DNA capture probes. These regions include approximately 41 Mb of the human coding exome (targeting > 98% of the coding RefSeq from the human genome build GRCh37/hg19), as well as the mitochondrial genome. The generated library is sequenced on an Illumina platform to obtain at least 20x coverage depth for > 98% of the targeted bases. An in-house bioinformatics pipeline, including read alignment to GRCh37/hg19 genome assembly and revised Cambridge Reference Sequence (rCRS) of the Human Mitochondrial DNA (NC_012920), variant calling, annotation, and comprehensive variant filtering is applied. All variants with minor allele frequency (MAF) of less than 1% in gnomAD database, and disease-causing variants reported in HGMD®, in ClinVar or in CentoMD® are evaluated. The investigation for relevant variants is focused on coding exons and flanking +/-10 intronic nucleotides of genes with a clear gene-phenotype evidence (based on OMIM® information). CENTOGENE has established stringent quality criteria and validation processes for variants detected by NGS. Variants with low quality and/or unclear zygosity are confirmed by orthogonal methods. Consequently, a specificity of > 99.9% for all reported variants is warranted. Mitochondrial variants are reported for heteroplasmy levels of 15% or higher. The copy number variation (CNV) detection software has a sensitivity of more than 95% for all homozygous/hemizygous and mitochondrial deletions, as well as heterozygous deletions/duplications and homozygous/hemizygous duplications spanning at least three consecutive exons. For the uniparental disomy (UPD) screening, a specific algorithm is used to assess the well-known clinically relevant chromosomal regions (6q24, 7, 11p15.5, 14q32, 15q11q13, 20q13 and 20).
WGS
Genomic DNA is enzymatically fragmented, and libraries are generated by PCR-mediated addition of Illumina compatible adapters. The libraries are paired-end sequenced on an illumine platform to yield an average coverage depth of ~30x. An in-house bioinformatics pipeline including read alignment to GRCh37/hg19 genome assembly , variant calling and annotation is used. Structural variant calling is based on the DRAGEN pipeline from illumine. All variants with minor allele frequency of less than 1% in gnomAD database, and disease-causing variants reported in HGMD, in ClinVar or in CentoMD are considered. While the evaluation is focused on coding exons and flanking +/- 20 intronic bases, the complete gene region is interrogated for candidate variants with plausible association to the phenotype. All potential modes of inheritance patterns are considered. In addition, provided family history and clinical information are used to evaluate identified variants with respect to their pathogenicity and causality. Variants with low quality and/or unclear zygosity are confirmed by orthogonal methods. Consequently, a specificity of >99.9% for all reported variants is warranted. For the mitochondrial genome, sequence reads are aligned to the Revised Cambridge Reference Sequence (rCRS) of the human mitochondrial DNA (NC_012920) and variant calling is performed using validated in-house software. The pipeline confidently detects heteroplasmy levels down to 15%. Structural variant calling is based on the DRAGEN pipeline from Illumina. All identified variants are evaluated with respect to their pathogenicity and causality. 
NGS Neuromuscular Panel
Genomic DNA is enzymatically fragmented, and regions of interest are enriched using DNA capture probes. The final indexed libraries are sequenced on an Illumina platform. For the Neuromuscular panel, the coding regions of the panel genes, 10 bp of flanking intronic sequences, and known pathogenic/likely pathogenic variants within these genes included in the enrichment design (coding and non-coding), are targeted for analysis. The panel gene list can be obtained in the appendix of this report. Data analysis, including alignment to the hg19 human reference genome (Genome Reference Consortium GRCh37) as well as the mitochondrial genome, variant calling and annotation is performed using validated in-house software. All identified variants are evaluated with respect to their pathogenicity and disease causality, and are categorized into five classes (pathogenic, likely pathogenic, VUS, likely benign, and benign) along American College of Medical Genetics (ACMG) guidelines for classification of variants.(3) All potentially clinically relevant variants that may explain or contribute to the phenotype are reported. VUSs are not reported in the following cases: the described phenotype(s) is already explained by a detected pathogenic or likely pathogenic variant(s); the detected VUSs are not related to the described phenotype(s); lack of clinical information; for oncogenetic panels. CENTOGENE has established stringent quality criteria and validation processes for variants detected by NGS. Variants with low sequencing quality and/or unclear zygosity are confirmed by orthogonal methods. Consequently, a specificity of > 99.9% for all reported variants is warranted. Mitochondrial variants are reported for heteroplasmy levels of 15% or higher. The copy number variation (CNV) detection software has a sensitivity of more than 95% for all homozygous/hemizygous and mitochondrial deletions, as well as heterozygous deletions/duplications and homozygous/hemizygous duplications spanning at least three consecutive exons.
MLPA (multiplex ligation-dependent probe amplification) analyses were performed using SALSA MLPA probemix P021-B1 provided by MRC- Holland to test for deletions or duplications within or including the SMN1, SMN2 gene(s).The DMPK gene was analyzed by PCR and capillary electrophoresis to screen the repetitive nucleotide motif / motifs. In addition, a repeat- primed assay (RPA) was performed to screen for a large expansion in the gene. The reference sequence is / sequences are DMPK: NM_001081563.1, NM_001081562.1.
Genes included in Neuromuscular panel 
AARS1, ABHD5, ACAD9, ACADM, ACADVL, ACTA1, ACTG2, ADGRG6, AGL, AGRN, AHCY, AIFM1, ALDOA, ALG14, ALG2, AMPD1, ANO5, ARHGEF9, ASAH1, ASCC1, ATAD1, ATL1, ATP2A1, ATP7A, B3GALNT2, B4GAT1, BAG3, BICD2, BIN1, BSCL2, BVES, CACNA1S, CAPN3, CASK, CASQ1, CAV1, CAV3, CCDC78, CFL2, CHAT, CHCHD10, CHKB, CHRNA1, CHRNB1, CHRND, CHRNE, CHRNG, CHST14, CLCN1, CNTNAP1, COL12A1, COL13A1, COL6A1, COL6A2, COL6A3, COLQ, COQ2, COX6A1, CPT2, CRLF1, CRPPA, CRYAB, CSRP3, CTDP1, DAG1, DCTN1, DES, DGUOK, DHCR24, DHTKD1, DMD, DMPK, DNA2, DNAJB2, DNAJB6, DNM2, DNMT1, DOK7, DPAGT1, DPM1, DPM2, DPM3, DYNC1H1, DYSF, ECEL1, EGR2, ELP1, EMD, ENO3, ERCC5, ERCC6, ETFA, ETFB, ETFDH, EXOSC3, EXOSC8, FBLN5, FBN2, FBXO38, FDX2, FGD4, FHL1, FIG4, FKBP10, FKBP14, FKRP, FKTN, FLAD1, FLNC, GAA, GAN, GARS1, GBA, GBE1, GDAP1, GFPT1, GJB1, GLDN, GLE1, GLRA1, GLRB, GMPPB, GNB4, GNE, GPHN, GYG1, GYS1, HADHA, HADHB, HINT1, HK1, HNRNPDL, HOXD10, HRAS, HSPB1, HSPB3, HSPB8, HSPG2, IGHMBP2, INF2, ISCU, ITGA7, KARS1, KAT6B, KBTBD13, KCNA1, KCNE3, KCNJ2, KIF1A, KIF1B, KIF5A, KLHL40, KLHL41, KLHL7, KY, LAMA2, LAMB2, LAMP2, LARGE1, LDB3, LDHA, LGI4, LIMS2, LITAF, LMNA, LMOD3, LPIN1, LRP4, LRSAM1, MAGEL2, MAMLD1, MARS1, MATR3, MED25, MEGF10, MFN2, MICU1, MOCS1, MPV17, MPZ, MT-ATP6, MT-ATP8, MT-CO1, MT-CO2, MT-CO3, MT-CYB, MTM1, MTMR14, MTMR2, MT-ND1, MT-ND2, MT-ND3, MT-ND4, MT-ND4L, MT-ND5, MT- ND6, MT-RNR1, MT-RNR2, MT-TA, MT-TC, MT-TD, MT-TE, MT-TF, MT-TG, MT-TH, MT-TI, MT-TK, MT-TL1, MT-TL2, MT-TM, MT-TN, MT- TP, MT-TQ, MT-TR, MT-TS1, MT-TS2, MT-TT, MT-TV, MT-TW, MT-TY, MUSK, MYBPC1, MYBPC3, MYH2, MYH3, MYH7, MYH8, MYL1, MYL2, MYMK, MYO18B, MYO9A, MYOT, MYPN, NALCN, NDRG1, NEB, NTRK1, OPA1, OPA3, PAX7, PDK3, PFKM, PGAM2, PGK1, PGM1, PHKA1, PIEZO2, PIP5K1C, PLEC, PLEKHG5, PLOD2, PMM2, PMP22, PNPLA2, POGLUT1, POLG, POLG2, POMGNT1, POMGNT2, POMK, POMT1, POMT2, PREPL, PRKAG2, PRPS1, PRX, PYGM, PYROXD1, QARS1, RAB7A, RAPSN, RBCK1, REEP1, RETREG1, RRM2B, RXYLT1, RYR1, SBF1, SBF2, SCN4A, SELENON, SGCA, SGCB, SGCD, SGCE, SGCG, SH3TC2, SIL1, SLC12A6, SLC16A1, SLC18A3, SLC22A5, SLC25A1, SLC25A20, SLC25A46, SLC52A2, SLC52A3, SLC5A7, SLC6A5, SMCHD1, SMN1, SMN2, SMPD4, SPEG, SPG11, SPTBN4, SPTLC1, SPTLC2, STAC3, STIM1, SUCLA2, SUN2, SYNE1, SYNE2, SYT2, TAFAZZIN, TANGO2, TBCK, TCAP, TFG, TGFB3, TIA1, TK2, TMEM43, TNNI2, TNNT1, TNNT3, TNPO3, TOR1A, TOR1AIP1, TPM2, TPM3, TRAPPC11, TRIM2, TRIM32, TRIP4, TRPV4, TSEN2, TSFM, TTN, TWNK, TYMP, UBA1, VAMP1, VAPB, VCP, VIPAS39, VMA21, VPS33B, VRK1, WNK1, XK, YARS1, ZC4H2, TAZ 

Center for Genomic Medicine (King Faisal Specialist Hospital and Research Center, Riyadh, Saudi Arabia)
WES
Rapid DNA extraction was performed using the PureLink Genomic DNA kit (Thermo Fisher, Carlsbad, CA, USA) as recommended by the manufacturer (https://www.thermofisher.com/document-connect/documentconnect.html?url=https://assets.thermofisher.com/TFS-Assets/LSG/manuals/purelink_genomic_man.pdf) . Library preparation, emulsion PCR, enrichment, and sequencing were performed using the Ion Torrent AmpliSeq Whole Exome Sequencing protocol (https://www.thermofisher.com/sa/en/home/life-science/sequencing/dna-sequencing/exomesequencing/exome-sequencing-ion-torrent-next-generation-sequencing.html) . Sequence alignment, indexing of the reference genome (hg19), variant calling, and annotation used a pipeline based on Burrows-Wheeler Aligner (BWA), Samtools, GATK (https://software.broadinstitute.org/gatk/) , and Annovar, respectively. Essentially, variants were annotated using a combination of public knowledge databases available from the Annovar package and in-house databases which included collections of previously published Saudi disease-causing variants. Variant interpretation followed the ACMG guidelines.(3) The testing outcome was positive if a pathogenic/likely pathogenic variant was identified that explains the clinical indication in the appropriate zygosity. Variants of uncertain significance, including those with less than strong gene-disease assertion as per GenCC, were interpreted as ambiguous results (an exception was made when compound heterozygosity for a pathogenic variant and VUS were consistent with the phenotype in which case the case was labelled positive). All the remaining results were labelled negative. Given the known challenge of calling certain variant classes by the Ion Proton platform used in this study, we also ran all cases with “negative” and “ambiguous” results on Novaseq using the following protocol: Exons were captured and enriched using Illumina DNA Prep with Enrichment. Enrichment-bead-linked transposons (eBLT) were used to tagment 100–500 ng of gDNA and attach adapter sequences to the fragments. After eBLT clean-up, the addition of two indexes per sample by PCR amplification (5 cycles) was performed. Subsequently, individual libraries were pooled for a single hybridization reaction and capture. The last step consisted of a post-capture PCR amplification (8 cycles) prior to sequencing on a NovaSeq 6000 sequencer (Illumina, Inc., USA) as 150-bp paired-end reads, following the manufacturer’s protocols (Illumina, Inc., USA). The DNA sequence was mapped to and analysed in comparison with the published human genome build (UCSC hg19 reference sequence) using a local installation of the Illumina DRAGEN Server v3 20040619 pipeline.(4)

GenaTi (Jeddah, Saudi Arabia)
WES
Genomic DNA from the submitted specimen is enriched for the complete coding region and splice site junctions of the genes on the used panel. The products are sequenced on an Illumina NovaSeq instrument with 2x101 paired-end reads. The sequence is aligned to reference sequences based on human genome build GRCh37/UCSC hg19. Capillary sequencing is used to confirm relevant variants with clinical or uncertain significance. All sequence alterations are described according to the Human Genome Variation Society (HGVS) nomenclature guidelines. Benign, likely benign and variants of unknown significance, if present, are not reported but are available upon request. Data analysis is performed using gene-specific filtering. The classification of the variations is done based on ACMG guidelines. (3)

Bioscientia (Ingelheim, Germany)
Analysis of FSHD1 locus
Digestion of genomic DNA with restriction enzymes Eco RI, Eco RI/Bin and Xap I, Southern blotting and hybridization with the DNA-probe p13E11, detecting D4Z4 locus-specific fragments. DNA-probe p13E11 recognizes also a homologous repeat array on chromosome 10q26, which can be identified due to EcoRI/BinI double digestion and XapI digestion. Repeats in the normal range (>10 units) are represented by Eco RI fragments of >40kb. Ten or fewer D4Z4 are associated with FSHD1. Due to recombination, in rare cases the exchange of  chromosome 10 and chromosome 4 sequences can occur, resulting in so-called 4q35/10q26 hybrid fragments. These hybrid fragments can occur in normal individual's as well as in FSHD1.The specificity of this test is about 95%. 
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