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Figure Sla. Pie-chart summarizing count of different amino acid mutations in the 52648 dataset. In each subplot, the
title shows the wild-type amino acids followed by their count in the whole dataset, and the two-letter label of every
pie denotes the one-letter codes of the wild-type and mutant amino acid pair, respectively.
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Figure S1b. Bar plots summarizing count of SNV and non-SNV mutations in the 52648 dataset. The two-letter label of
every bar denotes the one-letter codes of the wild-type and mutant amino acid pairs, respectively.
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Figure S1lc. SNV vs non-SNV mutations is assigned according to the property of amino acid mutation in the 52648
dataset. The two-word label of bars in the plot represents the amino acid properties of wild-type and mutant residues
pairs, respectively. The amino acids according to their properties are categorized as follows: Ala, Cys, Gly, Ile, Leu,
Met, Phe, Pro, Trp, and Val are categorized as hydrophobic. Asp, Glu, Lys, Arg, His, Asn, Gln, Ser, Thr, and Tyr are
categorized as polar. His, Phe, Trp, and Tyr as aromatic. Ala, ILe, Lys, Leu, Met, Pro, and Val as aliphatic.
His, Lys, Arg as positive. Asp, and Glu as negative. Ala, Cys, Gly, Ser, Asn, Asp, Pro, Thr, and Val as small. And
Arg, GIn, Glu, His, ILe, Leu, Lys, Met, Phe, Trp, and Tyr as large amino acids.



Figure S1d. Pie-chart summarizing count of different amino acid mutations in SKEMPI-SEQ-2388. In each subplot, the
title shows the wild-type amino acids followed by their count in the whole dataset, and the two-letter label of every
pie denotes the one-letter codes of the wild-type and mutant amino acid pair respectively.



101

Count

601

Count

100

751

Count

251

60 1

Count

20

401

501

SNV: 51 Non-SNV: 65

QR TS

SNV: 9 Non-SNV: 68

SNV: 60 Non-SNV: 157

0_

40+

601

40

20+

FY PYTT PY T TP
AT e i s

SNV: 55 Non-SNV: 37

SEaRREs SRRPTERREY

SNV: 113 Non-SNV: 47

0.
SRR ORI IOR S

Figure Sle. Bar plot summarizing count of SNV and non-SNV mutations in SKEMPI-SEQ-2388 dataset. The two-letter
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label of every bar denotes the one-letter codes of the wild-type and mutant amino acid pairs, respectively.
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Figure S1f. SNV vs non-SNV mutations is assigned according to the type of amino acid mutation in the SKEMPI-SEQ-
2388 dataset. The two-word label of bars in the plot represents the amino acid properties of wild-type and mutant
residues pairs, respectively. The amino acids according to their properties are categorized as follows: Ala, Cys, Gly, Ile,
Leu, Met, Phe, Pro, Trp, and Val are categorized as hydrophobic. Asp, Glu, Lys, Arg, His, Asn, GIn, Ser, Thr, and Tyr
are categorized as polar. His, Phe, Trp, and Tyr as aromatic. Ala, ILe, Lys, Leu, Met, Pro, and Val as aliphatic.
His, Lys, Arg as positive. Asp, and Glu as negative. Ala, Cys, Gly, Ser, Asn, Asp, Pro, Thr, and Val as small. And
Arg, GIn, Glu, His, ILe, Leu, Lys, Met, Phe, Trp, and Tyr as large amino acids.
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Figure Slg. Pie-chart summarizing count of different amino acid mutations in SKEMPI-3D-3775 dataset. In each
subplot, the title shows the wild-type amino acids followed by their count in the whole dataset, and the two-letter label
of every pie denotes the one-letter codes of the wild-type and mutant amino acid pair respectively.
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Figure S1h. Barplot summarizing count of SNV and non-SNV mutations in 52648 SKEMPI-3D-3775 dataset. The two-
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letter label of every bar denotes the one-letter codes of the wild-type and mutant amino acid pairs, respectively.
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Figure S1i. SNV vs non-SNV mutations is assigned according to the type of amino acid mutation in the SKEMPI-3D-
3775 dataset. The two-word label of bars in the plot represents the amino acid properties of wild-type and mutant
residues pairs, respectively. The amino acids according to their properties are categorized as follows: Ala, Cys, Gly, Ile,
Leu, Met, Phe, Pro, Trp, and Val are categorized as hydrophobic. Asp, Glu, Lys, Arg, His, Asn, GIn, Ser, Thr, and Tyr
are categorized as polar. His, Phe, Trp, and Tyr as aromatic. Ala, ILe, Lys, Leu, Met, Pro, and Val as aliphatic.
His, Lys, Arg as positive. Asp, and Glu as negative. Ala, Cys, Gly, Ser, Asn, Asp, Pro, Thr, and Val as small. And
Arg, GIn, Glu, His, ILe, Leu, Lys, Met, Phe, Trp, and Tyr as large amino acids.
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Figure S1j. Pie-chart summarizing count of different amino acid mutations in the S419 dataset. In each subplot, the title
shows the wild-type amino acids followed by their count in the whole dataset, and the two-letter label of every pie
denotes the one-letter codes of the wild-type and mutant amino acid pair respectively.
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Figure S1k. Bar plots summarizing the count of SNV and non-SNV mutations in the 5419 dataset. The two-letter label
of every bar denotes the one-letter codes of the wild-type and mutant amino acid pairs, respectively.
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Figure S1l. SNV vs non-SNV mutations is assigned according to the type of amino acid mutation in the 5419 dataset.
The two-word label of bars in the plot represents the amino acid properties of wild-type and mutant residues pairs,
respectively. The amino acids according to their properties are categorized as follows: Ala, Cys, Gly, Ile, Leu, Met, Phe,
Pro, Trp, and Val are categorized as hydrophobic. Asp, Glu, Lys, Arg, His, Asn, Gln, Ser, Thr, and Tyr are categorized
as polar. His, Phe, Trp, and Tyr as aromatic. Ala, ILe, Lys, Leu, Met, Pro, and Val as aliphatic.

His, Lys, Arg as positive. Asp, and Glu as negative. Ala, Cys, Gly, Ser, Asn, Asp, Pro, Thr, and Val as small. And
Arg, GIn, Glu, His, ILe, Leu, Lys, Met, Phe, Trp, and Tyr as large amino acids.



Figure SIm: Pie-chart summarizing count of different amino acid mutations in ProNAB-237. In each subplot, the title
shows the wild-type amino acids followed by their count in the whole dataset, and the two-letter label of every pie
denotes the one-letter codes of the wild-type and mutant amino acid pair respectively.
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Figure S1n. Bar plots summarizing the count of SNV and non-SNV mutations in the ProNAB-237 dataset. The two-
letter label of every bar denotes the one-letter codes of the wild-type and mutant amino acid pairs, respectively.



[— SNV  mem Non-SNVl

wn
o N
1251 & =
100+
=
S 751
o 3 -
QO 501 < prd

Figure S1o. SNV vs non-SNV mutations is assigned according to the type of amino acid mutation in the ProNAB-237
dataset. The two-word label of bars in the plot represents the amino acid properties of wild-type and mutant residues
pairs, respectively. The amino acids according to their properties are categorized as follows: Ala, Cys, Gly, Ile, Leu,
Met, Phe, Pro, Trp, and Val are categorized as hydrophobic. Asp, Glu, Lys, Arg, His, Asn, Gln, Ser, Thr, and Tyr are
categorized as polar. His, Phe, Trp, and Tyr as aromatic. Ala, ILe, Lys, Leu, Met, Pro, and Val as aliphatic.
His, Lys, Arg as positive. Asp, and Glu as negative. Ala, Cys, Gly, Ser, Asn, Asp, Pro, Thr, and Val as small. And
Arg, GIn, Glu, His, ILe, Leu, Lys, Met, Phe, Trp, and Tyr as large amino acids.
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Figure S2a. Plots of predicted AAG against experimental AAG for the 52648 dataset. The whole data is shown in green,

SNV in red, and non-SNV in blue.
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Figure S2b. Plots of predicted AAG against experimental AAG for the S2648 dataset. The whole data
is shown in green, SNV in red, and non-SNV in blue.
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Figure S2c. Plots of predicted AAG against experimental AAG for the 52648 dataset. The whole data is shown in green,
SNV in red, and non-SNV in blue.
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Figure S2d. Plots of predicted AAG against experimental AAG for the S2648 dataset. The whole data is shown in green,
SNV in red, and non-SNV in blue. wpHT : the calculations have been performed using experimental pH and
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Figure S3a. Plots of predicted AAG against experimental AAG for the SKEMPI-SEQ-2388 dataset. The
whole data is shown in green, SNV in red, and non-SNV in blue.



SAAMBE-3D SAAMBE-3D SAAMBE-3D

W - y -
BT T T & T T Iy | S F I M | S B 124 I
PCC =0.90 PCC=0.9 PCC=0.91
9-1 MSE = 0.66 ] 9- MSE =0.64 =4 9- MSE =0.68 -
6 ol 6
§ > 1§
O O
Q 07 o Q 04
3 I 3]
_6_. — _6_.
=94 Slope = 0.64 -9 Slope = 0.63 =94 Slope = 0.65
~12- Intercept=0.32 124 Intercept=0.26 | 124 Intercept=0.37 _]
T T T T T T T T T T T T T T T T T T T T T T T T T T T
Y% &0 o ¥ o & o o> 1\,19 a® ¥ ¥ ¥ o o o o ;{1«9 a® ¥ ¥ ¥ o o o o
AAGexp AAGexp AAGexp
MutaBind 2 MutaBind 2 ~ MutaBind 2
P4 T T T T T T T, 4t T T T T T 1T 1T T, P T T 1T T T T T,
PCC =0.90 7" PCC=0.90 PCC=0.90 o
9 MSE=0.62 .s’:° 9 MSE=0.58 o3 94 MSE =0.64 ." ¢
6- 6- g 6-
2 37 3 3 3 3
O O O
Q 04 O 04 o 04
3 - g - p-
-6 -6 -6 A
9§ .0 Slope = 0.70 -9 .¢° Slope = 0.69 -9f ° Slope = 0.70
~12- Intercept=0.23 _| ~12- Intercept=0.19 _| 124 Intercept=0.27 |
1 1 1 1 1 1 1 1 1 |l 1 1 1 1 1 1 1 1 1 1 T 1 1 1 1 1 1
:\,19 2° 62 ¥ S o & o g ;{L'Q o° 62 5¥ S o & o g :@9 9° 6° 2° ¥ o & o g
AAGexp AAGexp AAGeyp
mCSM-PPI2 mCSM-PPI2 mCSM-PPI2
y - y -
12_[ T T T T T T T L 12_] T T T T T | T L 12_[ T T { § T T 1 T L
PCC=0.91 PCC=0.88 PCC=0.93
9-1 MSE = 0.65 .(""‘r 91 MSE =0.75 v o 9+ MSE = 0.57 ° *Y

=94 Slope = 0.65 =94 Slope = 0.60 -9 Slope = 0.68
124 Intercept =0.20 | 124 Intercept =0.18 _| 124 Intercept =0.22 _|
T T 1 T T T T T T T T T T T T T T T T 1 T T T T T T T
109 2 o° ¥ QR 2 & o (L.% 1\{19 o o° ¥ R o & o &9 0.0 2 o 0¥ ¥ o & o '0/.0
AAGexp AAGexp AAGexp
BeAtMuSiC BeAtMuSiC BeAtMuSiC
12_I 1 T 1 1 1 1 T L 12_I 1 T T 1 1 | T L 12_I T T 1 1 1 1 T L
PCC=0.35 CC=0.31 PCC=0.37
94 MSE=2.73 - 9 MSE=2.53 - 94 MSE=2.90 B
6—.
O O O
2 QO O 04
q = ™ g F g4
-6 e -6 e -6 E
-9 Slope =0.18 -9 Slope = 0.13 -9+ Slope = 0.21
~12- Intercept =0.68 _| ~12- Intercept =0.57 _| 124 Intercept=0.78 _|
T T T T T T T T T T T T T T T T T T T T T T T T T T T
1\,19 o o ¥ Q¥ o® o o 09 :{19 X & X ¥ o o 09 :3,0 X o X ¥ o o ¥ 09

AAGexp AAGexp AAGexp

Figure S3b. Plots of predicted AAG against experimental AAG for the SKEMPI-3D-3775 dataset. The whole data is
shown in green, SNV in red, and non-SNV in blue.
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Figure S4a. Plots of predicted AAG against experimental AAG for the 5419 dataset. The whole data is shown in green,

SNV in red, and non-SNV in blue.
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Figure S4b. Plots of predicted AAG against experimental AAG for the ProNAB-237 dataset. The whole data is shown
in green, SNV in red, and non-SNV in blue.
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Figure S5a. Universal genetic code.
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Figure S5b. Heat map showing SNV and non-SNV amino acid mutations. Red boxes indicate cases of SNVs and white

cases of non-SN'Vs.



Supplementary Tables

Table S1. Number of SNV and non-SNV cases in the datasets.

Dataset Total SNV Non-SNV
52648 2647 1493 1154
SKEMPI-SEQ-2388 2388 1081 1307
SKEMPI-3D-3775 3775 1692 2083
5419 419 164 255
ProNAB-237 237 79 158




