Supplementary Data
Table S1: ACMG-AMP Classification of Variants
	Genes
	Reference Transcript
	Nucleotide change
	Amino acid change
	Pathogenicity Prediction scores
	ACGM-AMP Classification#
	Variant Status
	Number of Participants

	
	
	
	
	MutationAsessor
	MutationTaster
	SIFT
	Polyphen2
	CADD
	FATHMM
	MetaLR
	
	
	

	ABHD12
	NM_001042472
	c. 193C>T
	p.(R65X)
	.
	A
	.
	.
	36
	.
	.
	PVS1_VS, PM2, PP3
	P
	1

	ARSA
	NM_000487
	c.418dupC
	p.(H140fs*36)
	.
	.
	.
	.
	.
	.
	.
	PVS1, PM2, PP3
	P
	1

	BRCA1
	NM_007297
	c.344_345del
	p.(V115Efs*19)
	.
	.
	.
	.
	.
	.
	.
	PVS1, PS3, PS4, PM2_P
	P
	2

	BRCA2
	NM_000059
	c.6331_6335del
	p.(R2112fs*15)
	.
	.
	.
	.
	.
	.
	.
	PVS1, PM2_P, PP3
	LP*
	1

	BRCA2
	NM_000059
	c.3192_3195del
	p.(N1066fs*10)
	.
	.
	.
	.
	.
	.
	.
	PVS1, PM2_P, PP3
	LP*
	1

	CAPN15
	NM_005632
	c.2398C>T
	p.(R800W)
	M
	D
	D
	D
	29.4
	T
	T
	PS3, PM1, PM2, PM3, PP3, PP4
	P
	1

	CHRNG
	NM_005199
	c.753_754del
	p.(V253Afs*44)
	.
	.
	.
	.
	.
	.
	.
	PVS1, PM2, PM3, PP3, PP4
	P
	1

	COLEC11
	NM_001255987
	c.231_232insGA
	p.(R31Dfs*21)
	.
	.
	.
	.
	.
	.
	.
	PVS1_VS, PM2_M, PM3_M, PP3_P, PP4_P
	P
	1

	CYP4F22
	NM_173483
	c.847C>T
	(p.R283W)
	M
	D
	D
	D
	28.9
	T
	D
	PS4_S, PM2_M, PP3_P, PP4_P
	P
	1

	DAAM2
	NM_001201427
	c.C3083T
	p.(S1028L)
	M
	D
	D
	D
	27
	T
	D
	PM1_M, PM2_M, PM3_M, PP3_P, PP4_P
	LP
	1

	DYSF
	NM_001130976
	c.4643dupT
	p.(M1548Ifs*39)
	.
	.
	.
	.
	.
	.
	.
	PVS1_VS, PS3_S, PM2_M, PM3_M, PP3_P, PP4_P
	P
	1

	ECEL1
	NM_001290787
	c.997C>T
	p.(R333X)
	.
	A
	.
	.
	35
	.
	.
	PVS1_VS, PM2_M, PM3_M, PP3_P, PP4_P
	P
	1

	ERCC2
	NM_000400
	c.C1996T
	p.(R666W)
	H
	D
	D
	D
	32
	D
	D
	PM1_M, PM2_M, PM3_MPP3_P, PP4_P
	LP
	1

	FANCA
	NM_000135
	c.1085T>C
	p.(L362P)
	M
	D
	D
	D
	23
	T
	T
	PS3_M, PS4_S, PM1_M, PM2_P, PM3_S, PP4
	P
	1

	FUS
	NM_001170634
	c.604G>A
	p.(G202S)
	.
	N
	T
	B
	0.02
	D
	D
	PS2_VS, PS3_M, PS4_M, PM1_S, PM2_P, PP2_P, PP4_P
	P
	1

	GALC
	NM_001201401
	c.310C>T
	p.(R104X)
	.
	A
	.
	.
	36
	.
	.
	PVS1_VS, PM2_P, PP2_P, PP3_P, PP4_P
	P
	1

	GIPC3
	NM_133261
	c.565C>T
	p.(R189C)
	M
	D
	D
	D
	33
	T
	T
	PM1_S, PM2_S, PM3_P, PP1_S, PP2_S, PP3_S, PP4_S
	P
	1

	GJB2
	NM_004004
	c.427C>T
	p.(R143W)
	M
	A
	D
	D
	29.9
	D
	D
	PS3_M, PS4_M, PM1_S, PM2_S, PM3_S, PM5_M, PP1_S, PP2_S, PP3_S, PP4_S
	P
	1

	GUCY2D
	NM_000180
	c.3G>C
	p.(M1?)
	.
	D
	D
	B
	25.8
	D
	T
	PSV1_VS, PM2_S, PP3_S, PP4_S
	P
	1

	HBB
	
	c.-29G>A
	-
	.
	.
	.
	.
	.
	.
	.
	PS3_M, PM2_M, PM3_M, PP3_P, PP4_P
	P
	1

	HNF1A
	NM_000180
	c.865dupC
	p.(G292Rfs*25)
	.
	.
	.
	.
	.
	.
	.
	PVS1_VS, PM2_M, PP3_S, PP4_S
	P
	1

	KASH5
	
	c.1146+5G>A
	-
	.
	.
	.
	.
	.
	.
	.
	PVS1_VS, PM2_M, PP3_S, PP4_S
	P
	1

	MAN1B1
	NM_016219
	c.1833_1834del
	p.(D613Pfs*40)
	.
	.
	.
	.
	.
	.
	.
	PVS1_VS, PM2_M, PP3_S, PP4_S
	P
	1

	MAN2C1
	NM_001256496
	c.G2006A
	p.(R669Q)
	M
	D
	T
	P
	19.9
	T
	T
	PM3_M, PS3_S, PM2_S, BS1_S
	VUS
	1

	MUC3A
	NM_005960
	c.1055_1056del
	p.(A352Vfs*41)
	.
	.
	.
	.
	.
	.
	.
	BA1, BP4_S
	B
	1

	PGAM2
	NM_000290
	c.233G>A
	p.(W78X)
	.
	A
	.
	.
	39
	.
	.
	PVS1_VS, PM2_S, PM3_M, PP3_S, PP4_P
	P
	5

	PRDM5
	NM_001300823
	c.C247T
	p.(R83C)
	M
	D
	D
	D
	35
	T
	D
	PM3_M, PM2_S, PP3_S, PP4_S, PM1_M, PS3_S
	B
	1

	RDH12
	NM_152443
	c.698T>A
	p.(V233D)
	H
	D
	D
	D
	26.4
	D
	D
	PM1_M, PM2_S, PP3_S, PP4_S
	P
	2

	SERPINB8
	NM_001348370
	c.946delA
	p.(K316Sfs*90)
	.
	.
	.
	.
	.
	.
	.
	PVS1_VS, PM2_S, PP3_S
	P
	2

	SLC6A19
	NM_001003841
	c.532C>T
	p.(R178X)
	.
	A
	.
	.
	37
	.
	.
	PVS1_VS, PM3_S, PM2_S, PP3S, PP4_S
	P
	1

	SOD3
	NM_003102
	c.C691G
	p.(R231G)
	M
	A
	D
	B
	29.4
	T
	T
	BA1, BP1_S, BS3_S
	B
	1

	TENM4
	NM_001098816
	c.G4324A
	p.(A1442T)
	M
	D
	D
	D
	33
	D
	D
	PS3_S, PM2_S, PP1_S, PM1_M, PP3_S, PP4_S
	VUS
	2

	WDR45
	NM_001029896
	c.292G>T
	p.(E98X)
	.
	A
	.
	.
	37
	.
	.
	PSV1_VS, PM2_S, PP4_S, PP3_S
	P
	1


ACMG-AMP classification_VS – very strong, S – strong, M – moderate, P – supporting; Variant status: LP – likely P, P – pathogenic, B – benign, VUS – variant of uncertain significance, * – likely novel. Pathogenicity prediction Phred scores (.) – unavailable score. ACMG-AMP - American College of Medical Genetics and Genomics and the Association for Molecular Pathology. Pathogenicity prediction score 








Table S2: Candidate Gene Variants: Allele frequencies, Gene alteration rates and Associated Diseases

	Genes
	Rs NumberSNP
	Allele frequencies
	Gene-associated cancers
	Frequency of gene alterations (CNA)

	Variant-associated Diseases/Syndromes

	
	
	gnomAD_
ALL
	gnomAD_
AFR
	ExAC_
ALL
	ExAC_
AFR
	TOPMed
	
	
	

	ARSA
	-
	.
	.
	.
	.
	.
	Colorectal [1]
	<1% (AMP, HD)
	Metachromatic leukodystrophy

	CAPN15
	rs762523863
	2.08E-05
	0
	0
	0
	8.00E-06
	-
	6% (AMP, HD)
	Oculogastrointestinal neurodevelopmental syndrome

	 CHRNG
	rs767503038
	0.0002
	0.0003
	0.0002
	0.0002
	3.14E-04
	-
	<1% (AMP)
	Lethal multiple pterygium syndrome and Escobar Syndrome

	COLEC11
	rs762031914
	2.44E-05
	0.0004
	5.77E-05
	5.77E-05
	1.02E-04
	Melanoma [2]
	<1% (AMP)
	Inborn genetic diseases (Unspecified)

	CYP4F22
	rs755885838
	4.07E-06
	0
	8.31E-06
	8.31E-06
	2.60E-05
	-
	2% (AMP)
	Autosomal recessive congenital ichthyosis 5

	DYSF
	rs778065845
	1.22E-05
	0.0002
	1.65E-05
	1.65E-05
	1.90E-05
	Lung [3]
	<1% (AMP)
	Autosomal recessive limb-girdle muscular dystrophy type 2B

	ECEL1
	rs370167241
	3.25E-05
	0.0004
	6.59E-05
	6.59E-05
	1.93E-04
	Bladder [4]
	<1% (AMP, HD)
	Distal arthrogryposis type 5D

	GUCY2D
	rs281865409
	.
	.
	.
	.
	1.90E-05
	-
	<1% (AMP, HD)
	Leber congenital amaurosis 1

	KASH5
	rs188572864
	0.0005
	0.0073
	0.0007
	0.0007
	.
	Ovarian cancer [5]
	1% (AMP, HD)
	Azoospermia

	PGAM2
	rs10250779
	0.0005
	0.0074
	0.0007
	0.0007
	
	HCC, prostate [6,7]
	1% (AMP)
	Glycogen storage disease type X

	SLC6A19
	rs147837686
	7.73E-05
	0.0003
	2.48E-05
	2.48E-05
	.
	Gastric [8], colorectal [9]
	3% (AMP, HD)
	Hyperglycinuria


The variant-associated conditions were obtained from ClinVar and OMIM. Allele frequencies are as observed in all populations (gnomAD_ALL and ExAC_ALL) and African populations (gnomAD_AFR and ExAC_AFR) in the databases. gnomAD – genome aggregation. The gene alteration frequencies, including copy number alterations (CNAs), were obtained from 15 breast cancer studies (10,596 patients) from cBioPortal (https://www.cbioportal.org/). Alterations_AMP – Amplification, HD – Homozygous Deletion. Breast cancer cohorts: HTAN, METABRIC, MSK, SMC, Duke-NUS, Broad, British Columbia, and TCGA.



Table S3: ACMG-AMP Classification of Variants detected in the Controls
	Gene
	SNP Identifier
	Nucleotide change
	Amino acid change
	Pathogenicity prediction scores
	AGCM-AMP Classification
	Variant Status
	Number of Participants

	
	
	
	
	MutationAssessor
	MutationTaster
	SIFT
	Polyphen2
	CADD
	FATHMM
	MetaLR
	
	
	

	AGPAT2
	rs116807569
	c.589-2A>G
	-
	.
	D
	.
	.
	22.2
	.
	.
	PVS1_VS, PM2_M, PM3_M, PP3_P, PP4_P
	p
	1

	B4GALT7
	-
	c.273dupC
	p.(H93Pfs*73)
	.
	.
	.
	.
	.
	.
	.
	
	
	1

	CDH23
	rs1230303971
	c.C2206T
	p.(R736X)
	.
	A
	.
	.
	42
	.
	.
	PVS1_VS, PM2, PM3_M, PP1_P
	P
	1

	GJB2
	rs80338948
	c.C427T
	p.(R143W)
	M
	A
	D
	D
	29.9
	D
	D
	PM2_M, PM3_S, PS3_S, PP1_P, PP4_P
	p
	5

	MAPT
	rs63750959
	c.G14T
	p.(R5L)
	L
	D
	D
	D
	28.3
	T
	T
	PS1_S, PS3_S, PM1_M, PM5_M, PP4_P
	VUS
	1

	MPDZ
	rs781251438
	c.4429del
	p.(Gln1490fs*3)
	.
	.
	.
	.
	.
	.
	.
	PVS1_VS, PM2_M, PP4_P
	P
	3

	MYO7A
	rs121965085
	c.C1996T
	p.(R666X)
	.
	A
	.
	.
	39
	.
	.
	PVS1_VS, PM2, PP1_P
	P
	2

	OTOF
	rs1558492758
	c.C1051T
	p.(Q351X)
	.
	A
	.
	.
	36
	.
	.
	PVS1_VS, PM2, PM3_M, PP1_P
	P
	1

	PALB2
	rs995629797
	c.2730T>A
	p.(Y910X)
	.
	A
	.
	.
	37
	.
	.
	PVS1_VS, PM2_M, PS4_P
	P
	3

	SLC26A4
	rs727503430
	c.2089+1G>A
(splicing)
	-
	.
	D
	.
	.
	27.1
	.
	.
	PVS1_VS, PM2_P, PP1_P
	P
	1

	TEX11
	rs143246552
	c.A466G
	p.(M156V)
	N
	N
	T
	B
	0.001
	T
	T
	BS1_S, BP4_P
	B
	1

	TEX11
	rs140984555
	c.G2047A
	p.(A683T)
	M
	N
	D
	D
	27.6
	T
	T
	BS1_S, BS2_S, BP4_P, 
	B
	1

	TUBGCP2
	rs34832477
	c.C607T
	p.(R203C)
	M
	D
	T
	D
	27.8
	T
	T
	PM2_M, PP3_P
	VUS
	1



Pathogenicity prediction Phred scores (.) – unavailable. ACMG-AMP - American College of Medical Genetics and Genomics and the Association for Molecular Pathology

Supplementary Figures
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Figure S1: Comparative variant consequences in Cases vs Controls. Variant types in cases (a) and Controls (b). The variants were mostly frameshift INDELs in the cases and stop-gain in the controls. No start-loss variants were detected in the controls. Additionally, there were 14.5% more non-coding variants in controls than in the cases. INDEL – Insertions and Deletions
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Figure S2: Structural models of wild-type and mutant BRCA2 and ARSA proteins. Panel a: Wild-type BRCA2 (residues 890-2250; 361 aa) contains three α-helices and; (B) the mutant p.(R2112Pfs*15) retains 2 of the α-helices (panel b). The wild-type includes the RAD51-interacting domain (1003-2082). The frameshift in the post-BRC linker region alters the sequence, introducing a premature stop codon after 15 amino acids (magenta; panel, b), resulting in loss of the downstream region (blue) in panel (a). Panel (c:) Wild-type BRCA2 structure (residues 840–1150, 311 aa) contains 4 α-helices; panel (D): the mutant p.(N1066Lfs*10) contains 2 of the α-helices. The variant occurs at residue 64 within the N-terminus of the RAD51-interacting domain, and premature truncation of the protein after 10 altered residues (panel d,: yellow sequence) leads to the loss of the corresponding region in the wild type (panel c:, cyan). Panels (e) and (f) show the full-length wild-type ARSA and the mutant p.(H140Pfs*36), respectively. The mutation introduces a frameshift at residue 140, altering the 36-amino-acid sequence from position 140 (panel d:; yellow) and truncating the protein after residue 173. This results in the loss of two-thirds of the catalytic sulfatase domain and all downstream regions in the wild-type (panel e:; cyan). Red arrows indicate mutation sites. The AlphaFold structural predictions yielded high-confidence models characterised by elevated predicted Local Distance Difference Test (pLDDT) scores. The low predicted Template Modelling (pTM) scores for the BRCA2 structures indicate uncertain global domain organisation, as modelling was limited to a few amino acids.
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