Table S1 PCR primers for amplification of selected exons in COL4A3 and COL4A4.

	Gene
	Exon
	Forward primer (5'-3')
	Reverse primer (5'-3')
	Product size (bp)

	COL4A3 

	Exon 7
	CCGCTCGAG

TTCGGGTTACTTTGTCTA
	CTAGCTAGC AAGCCTCAACCTCTAATCCTAC
	362

	
	Exon 17
	CCGCTCGAG GCCTATGGAGGTAGTAAA
	CTAGCTAGC TTTCCTCAAGAACACCCT
	502

	
	Exon 37
	CCGCTCGAG CCAGAAAATGGGTGAGAA
	CTAGCTAGC TGGTGACTGAAAGAGGCT
	538

	
	Exon 24
	CCGCTCGAG GTTCTGTTATTTACTCCCATTC
	CTAGCTAGC TTAAGTGCCTACTGTTTG
	348

	
	Exon 26
	CCGCTCGAG  TCAAGTGGGACTCAAGAC
	CTAGCTAGC TTCCTGGTATCTGTGAGTTG
	547

	
	Exon 23
	CCG CTCGAG

CAAGGAAAGAAACACTGA
	CTAGCTAGC CTTGGATTTTGGCTGACT
	523

	
	Exon 43
	CCG CTCGAG TTGTGGCAATGCTAAGTG
	CTAGCTAGC TTGCTTGGCACTCATTCT
	511

	COL4A4
	Exon 17
	CCG CTCGAG TGACCTCATCTGGCACTT
	CTAGCTAGC

CTGAACCCAGCCAGTAAA
	826

	
	Exon 10
	CCG CTCGAG  ACCATTATCAGTGGGACT
	CTAGCTAGC  TTGGGAAGTCTGATAAGAGGAA
	361

	
	Exon 34
	CCGCTCGAG  AGCCACTCAATGCCAAAT
	CTAGCTAGCC

AGGCAAGAAATGCTATGGAAG
	578

	
	Exon 25
	CCGCTCGAG  GATACTTGGGAGTCTTCT
	CTA GCTAGC  AAGCCCATCTGGAGTGTT
	414

	
	Exon 13-14
	CCGCTCGAG  GAGAACTGGCTCAAATAG
	CTA GCTAGC

GGAAGGATGCTCTGGGAT
	763

	
	Exon 32
	CCGCTCGAG AAAATAAGCAGCGGAGGC
	CTAGCTAGC CAGTGAAAGGGCAATGGT
	541

	
	Exon 15
	CCG CTCGAG TAAAACACTGGCAATGAC
	CTAGCTAGC AGTGACTGGGTGACAAAT
	548


Table S2 Mutagenic primers for variants of COL4A3 and COL4A4 genes.
	Gene
	Variant
	Forward primer (5'-3')
	Reverse primer (5'-3')

	COL4A3
	c.441G>A
	CCaGTAGGTTTGCATGCCTA
	TAGGCATGCAAACCTACtGG

	
	c.987G>A
	GGCATTAAaGTAATCCTCTCCC
	GGGAGAGGATTACtTTAATGCC

	
	c.3132A>C
	AGGCCTCCCcGGTATTCAT
	ATGAATACCgGGGAGGCCT

	
	c.1575+4A>G
	CCAGTAgGATTTCATGTT
	TCcTACTGGAAATCCTGG

	
	c.1759-11T>A
	CATTCCaGTTGTCACAGGC
	GCCTGTGACAACtGGAATGT

	
	c.1409-5T>A
	TAGTATGCTCTCATaGCAGG
	CCTGCtATGAGAGCATACTA

	
	c.3882+5G>C
	AGGTCGTCTGGTGAcTATGGA
	TCCATAgTCACCAGACGACC

	COL4A4
	c.1203A>G
	AAGCCTGTGCgGGTACGGAT
	ATCCGTACCcGCACAGGCTT

	
	c.1098A>G
	CCACTCAAgGGTTTGTGTTCC
	GGAACACAAACCcTTGAGTGG

	
	c.3289+3A>G
	CCAGGTgTAGCTGCATAT
	ATATGCAGCTAcACCTGG

	
	c.2056+3A>G
	CCTCCAGGTgTTATCAATGAG
	CTCATTGATAAcACCTGGAGG

	
	c.975+3A>G
	ATTAAAGGTgAATGTACCTCAT
	ATTAAAGGTAAAcGTACCTCAT

	
	c.930+5G>A
	CGGGTAAaCATCATTTGCTG
	CAGCAAATGATGtTTACCCG

	
	c.2969-10A>G
	CACTTCCAgCTTCATCAG
	CTGATGAAGcTGGAAGTG


TABLE S3 DeepCLIP analysis of COL4A splicing variants.

	Variant
	protein
	Model_id
	Wildtype sequence
	WT-score
	Variant sequence
	Variant_score
	∆ score1

	COL4A3

	c.441G>A
	HNRNPA1
	RNCMPT00022_RNCMPT
	CCgGTAGGTTTGCATGCCTA
	0.96
	CCaGTAGGTTTGCATGCCTA
	0.95
	0.02

	
	HNRNPL
	RNCMPT00027_RNCMPT
	CCgGTAGGTTTGCATGCCTA
	0.09
	CCaGTAGGTTTGCATGCCTA
	0.25
	-0.16

	
	SRSF1
	RNCMPT00106_RNCMPT
	CCgGTAGGTTTGCATGCCTA
	0.01
	CCaGTAGGTTTGCATGCCTA
	0.02
	0.00

	c.987G>A


	HNRNPA1
	RNCMPT00022_RNCMPT
	GGCATTAAgGTAATCCTCTCCC
	0.75
	GGCATTAAaGTAATCCTCTCCC
	0.35
	0.40

	
	HNRNPL
	RNCMPT00027_RNCMPT
	GGCATTAAgGTAATCCTCTCCC
	0.02
	GGCATTAAaGTAATCCTCTCCC
	0.02
	0.00

	
	SRSF1
	RNCMPT00106_RNCMPT
	GGCATTAAgGTAATCCTCTCCC
	0.01
	GGCATTAAaGTAATCCTCTCCC
	0.00
	0.00

	c.3132A>C
	HNRNPA1
	RNCMPT00022_RNCMPT
	AGGCCTCCCaGGTATTCAT
	0.04
	AGGCCTCCCcGGTATTCAT
	0.01
	0.03

	
	HNRNPL
	RNCMPT00027_RNCMPT
	AGGCCTCCCaGGTATTCAT
	0.02
	AGGCCTCCCcGGTATTCAT
	0.00
	0.02

	
	SRSF1
	RNCMPT00106_RNCMPT
	AGGCCTCCCaGGTATTCAT
	0.01
	AGGCCTCCCcGGTATTCAT
	0.00
	0.00

	c.1575+4A>G


	HNRNPA1
	RNCMPT00022_RNCMPT
	CCAGTAaGATTTCATGTT
	0.88
	CCAGTAgGATTTCATGTT
	0.98
	-0.10

	
	HNRNPL
	RNCMPT00027_RNCMPT
	CCAGTAaGATTTCATGTT
	0.74
	CCAGTAgGATTTCATGTT
	0.48
	0.25

	
	SRSF1
	RNCMPT00106_RNCMPT
	CCAGTAaGATTTCATGTT
	0.08
	CCAGTAgGATTTCATGTT
	0.99
	-0.91

	c.1759-11T>A
	HNRNPA1
	RNCMPT00022_RNCMPT
	CATTCCtGTTGTCACAGGC
	0.02
	CATTCCaGTTGTCACAGGC
	0.06
	-0.03

	
	HNRNPL
	RNCMPT00027_RNCMPT
	CATTCCtGTTGTCACAGGC
	0.87
	CATTCCaGTTGTCACAGGC
	0.95
	-0.08

	
	SRSF1
	RNCMPT00106_RNCMPT
	CATTCCtGTTGTCACAGGC
	0.00
	CATTCCaGTTGTCACAGGC
	0.00
	0.00

	c.1409-5T>A
	HNRNPA1
	RNCMPT00022_RNCMPT
	TAGTATGCTCTCATtGCAGG
	0.16
	TAGTATGCTCTCATaGCAGG
	0.67
	-0.51

	
	HNRNPL
	RNCMPT00027_RNCMPT
	TAGTATGCTCTCATtGCAGG
	0.24
	TAGTATGCTCTCATaGCAGG
	0.64
	-0.40

	
	SRSF1
	RNCMPT00106_RNCMPT
	TAGTATGCTCTCATtGCAGG
	0.00
	TAGTATGCTCTCATaGCAGG
	0.01
	0.00

	c.3882+5G>A
	HNRNPA1
	RNCMPT00022_RNCMPT
	AGGTCGTCTGGTGAgTATGGA
	0.98
	AGGTCGTCTGGTGAcTATGGA
	0.31
	0.67

	
	HNRNPL
	RNCMPT00027_RNCMPT
	AGGTCGTCTGGTGAgTATGGA
	0.00
	AGGTCGTCTGGTGAcTATGGA
	0.01
	0.00

	
	SRSF1
	RNCMPT00106_RNCMPT
	AGGTCGTCTGGTGAgTATGGA
	0.10
	AGGTCGTCTGGTGAcTATGGA
	0.04
	0.06

	COL4A4

	c.1203A>G
	hnRNPA1
	HNRNPA1_BRUUN
	AAGCCTGTGCaGGTACGGAT
	0.19
	AAGCCTGTGCgGGTACGGAT
	0.10
	0.08

	
	HNRNPL
	RNCMPT00027_RNCMPT
	AAGCCTGTGCaGGTACGGAT
	0.04
	AAGCCTGTGCgGGTACGGAT
	0.01
	0.03

	
	SRSF1
	RNCMPT00106_RNCMPT
	AAGCCTGTGCaGGTACGGAT
	0.39
	AAGCCTGTGCgGGTACGGAT
	0.30
	0.09

	c.1098A>G
	hnRNPA1
	HNRNPA1_BRUUN
	CCACTCAAaGGTTTGTGTTCCTATTCAGTTCCTC
	0.44
	CCACTCAAgGGTTTGTGTTCCTATTCAGTTCCTC
	0.43
	0.01

	
	HNRNPL
	RNCMPT00027_RNCMPT
	CCACTCAAaGGTTTGTGTTCCTATTCAGTTCCTC
	0.35
	CCACTCAAgGGTTTGTGTTCCTATTCAGTTCCTC
	0.15
	0.20

	
	SRSF1
	RNCMPT00106_RNCMPT
	CCACTCAAaGGTTTGTGTTCCTATTCAGTTCCTC
	0.00
	CCACTCAAgGGTTTGTGTTCCTATTCAGTTCCTC
	0.00
	0.00

	c.2056+3A>G
	hnRNPA1
	HNRNPA1_BRUUN
	CCTCCAGGTaTTATCAATGAG
	0.63
	CCTCCAGGTgTTATCAATGAG
	0.60
	0.03

	
	HNRNPL
	RNCMPT00027_RNCMPT
	CCTCCAGGTaTTATCAATGAG
	0.09
	CCTCCAGGTgTTATCAATGAG
	0.02
	0.07

	
	SRSF1
	RNCMPT00106_RNCMPT
	CCTCCAGGTaTTATCAATGAG
	0.01
	CCTCCAGGTgTTATCAATGAG
	0.00
	0.00

	c.975+3A>G
	hnRNPA1
	HNRNPA1_BRUUN
	ATTAAAGGTaAATGTACCTCAT
	0.14
	ATTAAAGGTgAATGTACCTCAT
	0.14
	0.01

	
	HNRNPL
	RNCMPT00027_RNCMPT
	ATTAAAGGTaAATGTACCTCAT
	0.63
	ATTAAAGGTgAATGTACCTCAT
	0.31
	0.32

	
	SRSF1
	RNCMPT00106_RNCMPT
	ATTAAAGGTaAATGTACCTCAT
	0.01
	ATTAAAGGTgAATGTACCTCAT
	0.07
	-0.06

	c.930+5G>A
	hnRNPA1
	HNRNPA1_BRUUN
	CGGGTAAgCATCATTTGCTG
	0.24
	CGGGTAAaCATCATTTGCTG
	0.20
	0.04

	
	HNRNPL
	RNCMPT00027_RNCMPT
	CGGGTAAgCATCATTTGCTG
	0.45
	CGGGTAAaCATCATTTGCTG
	0.99
	-0.54

	
	SRSF1
	RNCMPT00106_RNCMPT
	CGGGTAAgCATCATTTGCTG
	0.22
	CGGGTAAaCATCATTTGCTG
	0.03
	0.19

	c.2969-10A>G
	hnRNPA1
	HNRNPA1_BRUUN
	CACTTCCAaCTTCATCAG
	0.26
	CACTTCCAgCTTCATCAG
	0.32
	-0.06

	
	HNRNPL
	RNCMPT00027_RNCMPT
	CACTTCCAaCTTCATCAG
	0.98
	CACTTCCAgCTTCATCAG
	0.90
	0.08

	
	SRSF1
	RNCMPT00106_RNCMPT
	CACTTCCAaCTTCATCAG
	0.00
	CACTTCCAgCTTCATCAG
	0.00
	0.00


Note: Gains and losses in the binding capacity of splicing factors are shown in green and red, respectively.

	Gene
	Position
	Variant
	Protein change
	rs
	Population Frequency
	Clinical Interpretation

	
	
	
	
	
	gnomAD exome
	gnomAD genome
	Clinvar

	COL4A3
	Exon7
	c.441G>A
	p.Pro147=
	73559251
	0.00002407
	3.19E-05
	Conflicting classifications of pathogenicity- Likely_pathogenic(3)|Uncertain_significance(2))
	C

	
	Exon17
	c.987G>A
	p.Lys329=
	754085928
	No match
	No match
	Pathogenic
	P

	
	Exon37
	c.3132A>C
	p.Pro1044=
	554940562
	2.41E-05
	9.55E-05
	Likely Benign
	LB

	
	Intron 24
	c.1575+4A>G
	
	2469677864
	No match
	2.74E-06
	Uncertain significance
	US

	
	Intron 25
	c.1759-11T>A
	
	433223189
	No match
	5.47E-06
	Uncertain Significance
	US

	
	Intron 22
	c.1409-5T>A
	
	1326827703
	6.89E-07
	6.57E-06
	No data available
	/

	
	Intron 43
	c.3882+5G>C
	
	/
	No match
	No match
	Likely Pathogenic
	LP

	COL4A4
	Exon18
	c.1203A>G
	p.Ala401=
	778832152
	4.02E-06
	6.57E-06
	Conflicting Interpretations Of Pathogenicity-Pathogenic(1)|Likely_pathogenic(1)|Uncertain_significance(3))
	C

	
	Exon17
	c.1098A>G
	p.Lys366=
	1305609812
	4.01E-06
	No match
	Conflicting Interpretations Of Pathogenicity-Likely_pathogenic(1)|Uncertain_significance(3))
	C

	
	Intron 34
	c.3289+3A>G
	
	2473863165
	1.37E-06
	No match
	Uncertain Significance
	US

	
	Intron 25
	c.2056+3A>G
	
	746123653
	4.01E-06
	No match
	Uncertain Significance
	US

	
	Intron 15
	c.975+3A>G
	
	1021254254
	4.57E-06
	1.31E-05
	Uncertain Significance
	US

	
	Intron 14
	c.930+5G>A
	
	2060595591
	No match
	No match
	Uncertain Significance
	US

	
	Intron 32
	c.2969-10A>G
	
	1576130915
	4.11E-06
	6.57E-06
	Uncertain Significance
	US


Table S4 Comprehensive annotation and clinical interpretation of variants identified in COL4A3 and COL4A4.

Note:This supplementary table provides detailed information on genomic position, nucleotide and protein changes, population allele frequencies, and clinical significance assessments for variants detected in COL4A3 and COL4A4.Population frequencies were obtained from the Genome Aggregation Database (gnomAD) exome and genome datasets. Clinical interpretations were retrieved from ClinVar. Abbreviations:

rs numbers refer to dbSNP identifiers.

“No match”indicates that the variant was not observed in the corresponding population database.

“/”indicates that the variant was not assessed or classified by the corresponding annotation tool.

P, pathogenic; LP, likely pathogenic; LB, likely benign; B, benign; US, uncertain significance; VUS, variant of uncertain significance;C, Conflicting Interpretations Of  Pathogenicity.
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Figure S1 Schematic diagram of the pSPL3-based exon trapping assay.

Note:The schematic illustrates the exon trapping assay based on the pSPL3 vector, which contains two constitutive exons, SD (splice donor) and SA (splice acceptor), separated by a functional intron. Transcription is driven by the SV40 promoter and terminated by the SV40 late polyadenylation signal (LPAS). The target exon, together with its upstream and downstream intronic sequences, was inserted into the XhoI and NheI restriction sites of the pSPL3 vector to generate wild-type and mutant minigene constructs.
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Figure S2 The sanger sequencing results of all constructed recombinant plasmids. 

Note: The blue boxes indicate the mutation sites. The sequencing results were continuous, but the presentation was disconnected due to space limitations.
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Figure S3 VulExMap-based splicing vulnerability landscape of the COL4A3 and COL4A4 genes.

Note: The bar chart shows percent spliced in (PSI) for each segment; the error bars represent the 95% inter-quantile range. Below the bar chart, a gene model is made with all segments colored by classification. Bellow the gene model are all RefSeq transcripts for the chosen gene. The top transcript, NM_000091.5 and NM_000092.5, represent the canonical protein coding transcript. A The black lines indicate that the variants c.441G>A, c.987G>A and c.3132A>C are located in exon 7 (resilient), exon 17 (vulnerable) and exon 37 (vulnerable) of the COL4A3 gene, respectively. B The black lines indicate that the variants c.1098A>G and c.1203A>G are located in exon 17(resilient), exon 18 (resilient) of the COL4A4 gene. If a mutation is located in the first or last 3 bp of an exon, it will be colored red. This is to indicate that the mutation is located in the splice site, and that any effect on splicing is independent of vulnerability.
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Figure 1 Position of candidate variants in COL4A3 and COL4A4 gene.Green boxes and black lines between them represent the coding exons and intron sequences,respectively. Their sizes are not proportional.In silico splice-site prediction was performed using the Berkeley Drosophila Genome Project (BDGP) algorithm, and the scores for donor splice sites (DS) and acceptor splice sites (Ac) are indicated. Predicted cryptic donor splice sites are highlighted.
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