Supplementary Table S2: Detailed structure analysis and pathogenicity assessments of the missense ABCA4 variants in the study.

Reference genome assembly: GRCh38:Chr1:83457325-104273917. Reference Transcript: NM_000350.3. ConSurf Score: A measure of amino acid evolutionary conservation based on the ConSurf web server analysis. The score ranges from 1-9 with increasing conservation [53]. Allele frequencies: Based on The Genome Aggregation Database (gnomAD) v3.1.2. [55]. AF2 Residual pLDDT: Based on the full-length WT ABCA4 AF2 model and corresponding WT residue. FL-Variant pLDDT: For the entire full-length ABCA4 variant AF2 models. RMSD (Å): The root-mean-square deviation. Based on the structural comparison of the full-length AF2 predicted variant and WT ABCA4 models. Destabilizing variants: Predicted using Gibbs free energy change calculation in the FoldX plugin for YASARA [47, 48]. Side chain steric clashes: Reported only when all possible rotamers lead to clashing interactions. ECD (Exocytoplasmic domain), NBD (Nucleotide-binding domain), TMD (Transmembrane domain), and IH (intracellular α-helix). PDB IDs of the cryo-EM structures of the human ABCA4 used in the analyses: 7lkp, 7lkz, 7e7i, 7e7q, 7e7o, 7e7q, 7m1p, 7m1q) [36-42]. HSF Pro Version 4: Used to interpret potential splicing effects [54].
	  
	
ABCA4 Variant
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	AlphaFold2
 pLDDT Score (FL-Variant Model)
	
RMSD 
(Å)
W/o outlier rejection
	In silico 
∆∆G
(kcal/mol)
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Structural Change

	CADD
	PolyPhen2
	REVEL
	
HSF-Pro
Splicing Effect

	1
	p.C54Y
	0.00004
	9
	90.28
	81.16
	1.263
	+41.7
	+17.21
	Broken disulfide bond, clashes
	33
	PrD /1.00
	0.98
	No significant impact

	2
	p.R212C
	0.00008
	1
	73.86
	81.83
	0.971
	+1.26
	+0.45
	Broken H bond
	26.3
	PrD/ 1.00
	0.847
	Potential alteration of ESE / ESS motifs ratio (-3)

	3
	p.L541P
	0.00029
	8
	87.67
	81.82
	1.271
	+7.65
	+9.21
	Buried Pro introduced, broken helix
	27.0
	PrD/0.994
	0.983
	No significant impact

	4
	p.A1038V
	1.64 x10-3
	7
	90.96
	81.69
	1.248
	+6.6
	+7.74
	Slight conformation change
	19.92
	B/0.009
	 0.533
	Potential alteration of ESE / ESS motifs ratio (-2)

	5
	p.R1098C
	0.00006
	9
	83.67
	81.73
	1.217
	+2.49
	+1.15
	Lost salt bridge with Asp-2242 
	25.8
	PrD/1.00
	0.894
	No significant impact

	6
	p.T1253M
	0.00024
	5
	83.9
	81.05
	1.392
	+1.54
	+2.19
	Premature B-sheet, loss of H-bond
	23.9
	PrD/0.998
	0.647
	No significant impact

	7
	p.P1380L
	0.00019
	9
	86.33
	81.64
	1.264
	+12.2
	+13.04
	Clashes, loss of the Pro-induced kink
	25.3
	PrD/ 0.996
	0.867
	Potential alteration of ESE / ESS motifs ratio (-2)

	8
	p.A1598D
	2.63 x10-5
	1
	82.75
	81.82
	1.197
	+13.56
	+15.75
	Clashes, buried hydrophilic introduced

	16.31
	PoD/ 0.574
	0.685
	No significant impact

	9
	p.G1961E
	0.00269
	8
	91.45
	81.65
	0.985
	+33.06
	+20.89
	Clashes, buried hydrophilic introduced

	26.2
	PrD/1.00 
	0.76
	No significant impact

	10
	p.E2233V
	
-
	9
	78.2
	81.49
	1.350
	+0.75
	-2.68
	Loss of H-bond: R2-NBD1 domain-domain interaction
	31
	PrD/0.985
	0.798
	Significant alteration of ESE / ESS motifs ratio (-10)

	11
	p.L541P+ p.A1038V
	-
	-
	-
	81.08
	1.436
	+14.25
	+16.95
	Buried Pro introduced, broken helix, conformation change
	-
	-
	-
	-

	12
	p.T1253M+p.G1961E
	-
	-
	-
	81.8
	1.738
	+34.03
	+23.08
	Premature B-sheet, loss of H-bond  Clashes, buried hydrophilic introduced
	-
	-
	-
	-



