	Supplementary Table S3. Benign variants and likely benign variants in VSX1 reported to cause keratoconus

	No.
	Chr
	Position
	Refere
nce
	Altern
ate
	Nucleotide
Change
	Effect
	REVEL
	CADD
	SIFT
	Polyphen2
	PROVEAN
	Number of Reproted
with keratoconus
	Number of Current Cohort
without keratoconus
	Allele
frequency in GnomAD
	Alleles
frequency in African American
	Alleles frequency in
Latino/Admixed American
	Alleles
frequency in Ashkenazi Jewish
	Alleles
frequency in East Asian
	Alleles
frequency in European (Finnish)
	Alleles
frequency in European (non-Finnish)
	Alleles
frequency in Other
	Alleles
frequency in South Asian
	HGMD
	ACMG
	ACMG
Evidence
	Clinvar

	
	
	
	
	
	
	
	
	
	
	
	
	Families
	Alleles
	Families
	Alleles
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	20
	25062684
	G
	C
	c.49C>G
	p.(Leu17Val)
	0.126
	17.07
	T
	B
	N
	1
	1
	/
	/
	126/165306
	/
	/
	/
	/
	/
	/
	/
	/
	/
	B
	BS1+BS2+B
P4
	Benign

	2
	20
	25062683
	A
	G
	c.50T>C
	p.(Leu17Pro)
	0.676
	22.7
	D
	P
	N
	5
	5
	1
	1
	20/165592
	0/15602
	2/25488
	0/8404
	0/12690
	0/9028
	12/66506
	6/5168
	0/22706
	DM
	LB
	BS2+BP4
	Uncertain
significance

	3
	20
	25062530
	A
	T
	c.203T>A
	p.(Leu68His)
	0.323
	16.09
	D
	B
	N
	3
	3
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	DM?
	LB*
	BP4
	/

	4
	20
	25062418
	G
	T
	c.315C>A
	p.(Asp105Glu)
	0.296
	11.47
	T
	P
	N
	7
	7
	1
	2
	887/129064
	753/10538
	103/20850
	0/6604
	0/8084
	0/8402
	17/52290
	13/4102
	1/18194
	DM?
	B
	BS1+BS2+B P4
	Benign

	5
	20
	25062342
	G
	T
	c.391C>A
	p.(Arg131Ser)
	0.316
	6.396
	T
	B
	N
	12
	13
	2
	2
	1825/134164
	1564/12218
	155/21258
	24/6436
	0/9046
	0/8550
	39/54722
	30/4318
	13/17616
	DM?
	B
	BS1+BS2+B P4
	Benign

	6
	20
	25062341
	C
	G
	c.392G>C
	p.(Arg131Pro)
	0.319
	14.02
	D
	B
	N
	2
	2
	2
	2
	/
	/
	/
	/
	/
	/
	/
	/
	/
	DM?
	LB
	BS2+BP4
	/

	7
	20
	25060145
	C
	T
	c.430G>A
	p.(Asp144Asn)
	0.469
	24.6
	D
	P
	D
	1
	1
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	DM?
	LB*
	BP4
	/

	8
	20
	25060143
	G
	C
	c.432C>G
	p.(Asp144Glu)
	0.361
	11.78
	T
	B
	N
	6
	6
	/
	/
	931/277680
	10/24542
	56/35074
	184/10212
	1/19876
	94/24450
	484/126798
	21/7130
	81/29598
	/
	B
	BS1+BS2+B
P4
	Benign/Likely
benign

	9
	20
	25060123
	T
	C
	c.452A>G
	p.(Asn151Ser)
	0.271
	4.702
	T
	B
	N
	1
	1
	/
	/
	20/280310
	0/24760
	0/35274
	0/10304
	20/19938
	0/24646
	0/128164
	0/7174
	0/30050
	DM
	LB
	BP4+BP6
	Uncertain
significance

	10
	20
	25060100
	A
	T
	c.475T>A
	p.(Leu159Met)
	0.59
	6.324
	T
	P
	N
	1
	1
	/
	/
	14/281032
	0/24828
	0/35318
	0/10312
	0/19940
	0/24764
	14/128446
	0/7194
	0/30230
	DM
	LB
	BP4+BP6
	Uncertain
significance

	11
	20
	25060096
	C
	A
	c.479G>T
	p.(Gly160Val)
	0.432
	17.57
	T
	B
	D
	5
	5
	210
	210
	274/280916
	0/24822
	5/35312
	0/10306
	247/19936
	0/24746
	6/128396
	3/7192
	13/30206
	DM?
	B
	BS1+BS2+B
P4
	Benign

	12
	20
	25060096
	C
	T
	c.479G>A
	p.(Gly160Asp)
	0.613
	17.61
	T
	B
	N
	4
	4
	/
	/
	581/280916
	5/24822
	36/35312
	40/10306
	0/19936
	51/24746
	428/128396
	18/7192
	3/30206
	/
	B
	BS1+BS2+B P4
	Uncertain significance/Like ly benign

	13
	20
	25060079
	G
	A
	c.496C>T
	p.(Arg166Trp)
	0.909
	22.7
	D
	D
	D
	2
	2
	2
	2
	6/279988
	1/24696
	0/35254
	0/10290
	0/19922
	0/24550
	4/128054
	0/7158
	1/30064
	DM
	LB*
	BS2
	Pathogenic

	14
	20
	25059567
	C
	G
	c.525G>C
	p.(Gln175His)
	0.902
	22.8
	D
	D
	D
	2
	2
	1
	1
	1/251490
	0/16256
	0/34590
	0/10080
	0/18394
	0/21648
	0/113766
	0/6140
	1/30616
	DM
	LB*
	BS2
	/

	15
	20
	25058429
	C
	T
	c.700G>A
	p.(Glu234Lys)
	0.681
	25
	D
	D
	D
	1
	1
	/
	/
	2/155364
	0/8510
	0/24724
	0/8486
	0/11228
	0/15376
	2/59842
	0/4406
	0/22792
	DM?
	LB*
	/
	/

	16
	20
	25058419
	A
	G
	c.710T>C
	p.(Leu237Pro)
	0.899
	32
	D
	D
	D
	1
	1
	/
	/
	2/155174
	2/8482
	0/24722
	0/8488
	0/11188
	0/15370
	0/59744
	0/4398
	0/22782
	DM?
	LB*
	/
	/

	17
	20
	25058414
	C
	G
	c.715G>C
	p.(Gly239Arg)
	0.856
	29.1
	D
	D
	D
	1
	1
	/
	/
	5/186286
	1/17148
	0/25558
	0/8774
	0/12718
	0/18838
	2/74986
	0/5484
	2/22780
	DM?
	LB*
	/
	Uncertain significance

	18
	20
	25058398
	T
	C
	c.731A>G
	p.(His244Arg)
	0.775
	28.7
	D
	D
	D
	3
	3
	/
	/
	500/185762
	18/17072
	47/25530
	1/8772
	0/12646
	12/18800
	333/74708
	12/5478
	77/22756
	DM
	B
	BS1+BS2
	Uncertain significance/Like ly benign

	19
	20
	25058389
	G
	C
	c.740C>G
	p.(Pro247Arg)
	0.856
	31
	D
	D
	D
	2
	2
	/
	/
	82/185466
	0/16940
	16/25520
	1/8768
	0/12648
	1/18780
	60/74592
	3/5470
	1/22748
	DM?
	LB
	BS1+BP6
	Uncertain significance/Like ly benign

	20
	20
	25058378
	A
	T
	c.751T>A
	p.(Ser251Thr)
	0.459
	24.6
	T
	B
	N
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	DM?
	LB*
	BP4
	/

	21
	20
	25058363
	GGAGT
	-
	c.758_765delT CAACTCC
	p.(Leu253Argfs*1 8)
	/
	/
	/
	/
	/
	1
	1
	11
	11
	37/183872
	0/16528
	1/25488
	0/8730
	36/12574
	0/18704
	0/73672
	0/5446
	0/22730
	DM
	B
	BS1+BS2
	Likely benign

	22
	20
	25058326
	A
	T
	c.803T>A
	p.(Leu268His)
	0.876
	31
	D
	D
	D
	2
	2
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	DM
	LB*
	/
	/

	23
	20
	25057112
	C
	A
	c.883G>T
	p.(Asp295Tyr)
	0.379
	21.9
	D
	P
	D
	1
	1
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	DM?
	LB*
	BP4
	/

	24
	20
	25056970
	C
	T
	c.1025G>A
	p.(Gly342Glu)
	0.122
	0.061
	T
	B
	N
	1
	1
	/
	/
	5/251456
	/
	/
	/
	/
	/
	/
	/
	/
	/
	LB*
	BP4
	/

	Notes: NM_number: NM_014588.6; Chromosome: 20; LB*: Although the variant doesn't meet the criteria of LB of ACMG, it was considered as LB since all variants in VSX1 was considered not the cause for keratocons in this study. For VSX1 in gnomAD, 75% variants had REVEL or CADD scores less than 0.63 or 24.7 and 95% variants had REVEL or CADD scores less than 0.92 or 33. P= possibly
damaging; D= damaging; B= benign; T= tolerant; N= neutral; DM= Disease-causing Mutation; DM? = Possible Disease-causing Mutation; NA: Not Available; B: benign; LB: likely benign; BS1= MAF is too high for disorder; BS4= Non-segregation with disease; BP4= Multiple lines of computational evidence suggest no impact on gene/ gene product; BP6= Reputable source recently reports variant as benign, but the evidence is not available to the laboratory to perform an independent evaluation; / = none or not listed.


