Supplementary Table S1. Missing or mutated residues (residue number) in PDB structures 
	Protein
	Missing
	Mutated

	CYP2C9
	38-42, 214-220
	Nan

	GRB2-SH3
	Nan
	P54A

	PSD95-PDZ
	Nan
	V328I

	DHFR
	Nan
	N37D



Supplementary Table S2. Uniref50 and UniRef90 clusters matching for the query sequence. BLASTp was used for homolog search. E-value was set to 1e-5. Max hits number was set to 1000. BLOSUM62 was used for metrics. 
	Protein
	Uniref50
	Uniref90

	GRB2-SH3
	685
	816

	PSD95-PDZ
	551
	743

	KRAS
	619
	807

	GB1
	29
	83

	APH(3′)II
	230
	579

	CYP2C9
	520
	785

	DAOx
	701
	873

	CcdB
	64
	464

	CreiLOV
	566
	892

	DHFR
	264
	604
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[bookmark: _Toc213849279]Supplementary Figure S1. Mutant-level Top-30 hit rate (Methods) for each method and dataset. (a) Enzymatic activity datasets. (b) Binding affinity datasets. (c) Protein abundance datasets. (d) Cytotoxicity dataset. MutCompute was not evaluated on CreiLOV since it does not have PDB ID necessary for the method's input. The hit rate was not calculated for CcdB because the activity score of the wild type was unavailable.
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Supplementary Figure S2. Position-level Top-10 hit rate (Methods) for each method and dataset. (a) Enzymatic activity datasets. (b) Binding affinity datasets. (c) Protein abundance datasets. (d) Cytotoxicity dataset. MutCompute was not evaluated on CreiLOV since it does not have PDB ID necessary for the method's input. The hit rate was not calculated for CcdB because the activity score of the wild type was unavailable.
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Supplementary Figure S3. (a) The mean value of amino acid charge-change-stratified variant-level correlation of Rosetta, ESM-2, ProteinMPNN and MutCompute (Methods) across all proteins. ProteinMPNN-monomer was treated as ProteinMPNN value for binding affinity and Protein abundance dataset. Error bars represent SEM (n=13). (b–e) The mean value of amino acid charge-change-stratified variant-level correlation by functional properties across proteins (Methods) on (b) Enzymatic activity, (c) Binding affinity, (d) Protein abundance, and (e) Cytotoxicity & Fluorescence
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Supplementary Figure S4. (a) The mean value of amino acid size-change-stratified variant-level correlation of Rosetta, ESM-2, ProteinMPNN and MutCompute (Methods) across all proteins. ProteinMPNN-monomer was treated as ProteinMPNN value for binding affinity and Protein abundance dataset. Error bars represent SEM (n=13). (b–e) The mean value of amino acid size-change-stratified variant-level correlation by functional properties across proteins (Methods) on (b) Enzymatic activity, (c) Binding affinity, (d) Protein abundance, and (e) Cytotoxicity & Fluorescence
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Supplementary Figure S5. (a) The mean value of amino acid polarity-change-stratified variant-level correlation of Rosetta, ESM-2, ProteinMPNN and MutCompute (Methods) across all proteins. ProteinMPNN-monomer was treated as ProteinMPNN value for binding affinity and Protein abundance dataset. Error bars represent SEM (n=13). (b–e) The mean value of amino acid polarity-change-stratified variant-level correlation by functional properties across proteins (Methods) on (b) Enzymatic activity, (c) Binding affinity, (d) Protein abundance, and (e) Cytotoxicity & Fluorescence
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Supplementary Figure S6. Individual value of region-stratified within-position correlation (Methods) on enzymatic activity datasets for each protein. (a) APH(3′)II. (b) CYP2C9. (c) DAOx. (d) DHFR.
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Supplementary Figure S7. Individual value of region-stratified within-position correlation (Methods) on binding affinity datasets for each protein. (a) GRB2-SH3. (b) KRAS. (c) PSD95-PDZ. (d) GB1.
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Supplementary Figure S8. Individual value of region-stratified within-position correlation (Methods) on protein abundance datasets for each protein. (a) GRB2-SH3. (b) KRAS. (c) PSD95-PDZ.
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Supplementary Figure S9. Individual value of region-stratified within-position correlation (Methods) on cytotoxicity and fluorescence datasets for each protein. (a) Ccdb cytotoxicity. (b) CreiLOV fluorescence.
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Supplementary Figure S10. Individual value of secondary-structure-stratified within-position correlation (Methods) on enzymatic activity datasets for each protein. (a) APH(3′)II. (b) CYP2C9. (c) DAOx. (d) DHFR.
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Supplementary Figure S11. Individual value of secondary-structure-stratified within-position correlation (Methods) on binding affinity datasets for each protein. (a) GRB2-SH3. (b) KRAS. (c) PSD95-PDZ. (d) GB1.
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Supplementary Figure S12. Individual value of secondary-structure-stratified within-position correlation (Methods) on protein abundance datasets for each protein. (a) GRB2-SH3. (b) KRAS. (c) PSD95-PDZ.
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Supplementary Figure S13. Individual value of secondary-structure-stratified within-position correlation (Methods) on cytotoxicity and fluorescence datasets for each protein. (a) Ccdb cytotoxicity. (b) CreiLOV fluorescence.
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Supplementary Figure S14. Individual value of amino acid charge-change-stratified variant-level correlation (Methods) on enzymatic activity datasets for each protein. (a) APH(3′)II. (b) CYP2C9. (c) DAOx. (d) DHFR.
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Supplementary Figure S15. Individual value of amino acid charge-change-stratified variant-level correlation (Methods) on binding affinity datasets for each protein. (a) GRB2-SH3. (b) KRAS. (c) PSD95-PDZ. (d) GB1.
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Supplementary Figure S16. Individual value of amino acid charge-change-stratified variant-level correlation (Methods) on protein abundance datasets for each protein. (a) GRB2-SH3. (b) KRAS. (c) PSD95-PDZ.
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Supplementary Figure S17. Individual value of amino acid charge-change-stratified variant-level correlation (Methods) on cytotoxicity and fluorescence datasets for each protein. (a) Ccdb cytotoxicity. (b) CreiLOV fluorescence.
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Supplementary Figure S18. Individual value of amino acid size-change-stratified variant-level correlation (Methods) on enzymatic activity datasets for each protein. (a) APH(3′)II. (b) CYP2C9. (c) DAOx. (d) DHFR.
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Supplementary Figure S19. Individual value of amino acid size-change-stratified variant-level correlation (Methods) on binding affinity datasets for each protein. (a) GRB2-SH3. (b) KRAS. (c) PSD95-PDZ. (d) GB1.



[image: ]
Supplementary Figure S20. Individual value of amino acid size-change-stratified variant-level correlation (Methods) on protein abundance datasets for each protein. (a) GRB2-SH3. (b) KRAS. (c) PSD95-PDZ.
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Supplementary Figure S21. Individual value of amino acid size-change-stratified variant-level correlation (Methods) on cytotoxicity and fluorescence datasets for each protein. (a) Ccdb cytotoxicity. (b) CreiLOV fluorescence.
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Supplementary Figure S22. Individual value of amino acid polarity-change-stratified variant-level correlation (Methods) on enzymatic activity datasets for each protein. (a) APH(3′)II. (b) CYP2C9. (c) DAOx. (d) DHFR.
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Supplementary Figure S23. Individual value of amino acid polarity-change-stratified variant-level correlation (Methods) on binding affinity datasets for each protein. (a) GRB2-SH3. (b) KRAS. (c) PSD95-PDZ. (d) GB1.
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Supplementary Figure S24. Individual value of amino acid polarity-change-stratified variant-level correlation (Methods) on protein abundance datasets for each protein. (a) GRB2-SH3. (b) KRAS. (c) PSD95-PDZ.
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Supplementary Figure S25. Individual value of amino acid polarity-change-stratified variant-level correlation (Methods) on cytotoxicity and fluorescence datasets for each protein. (a) Ccdb cytotoxicity. (b) CreiLOV fluorescence.
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