Cell Reports Methods, Volume 4

Supplemental information

SIGMA leverages protein structural information

to predict the pathogenicity of missense variants

Hengqgiang Zhao, Huakang Du, Sen Zhao, Zefu Chen, Yaqi Li, Kexin Xu, Bowen Liu, Xi
Cheng, Wen Wen, Guozhuang Li, Guilin Chen, Zhengye Zhao, Guixing Qiu, Deciphering
Disorders Involving Scoliosis & Comorbidities (DISCO) Study, Pengfei Liu, Terry
Jianguo Zhang, Zhihong Wu, and Nan Wu



Supplemental figures

Feature OR (95% CI) P value
Ramachandran outlier replaced 0.093 (0.0824-0.105) - H 1.09e-324
ABackbone clash 0.278 (0.243-0.318) - 3.41e-78
RSA 0.308 (0.301-0.315) L 2.89e-2276
DSSP (C) 0.324 (0.312-0.337) ' 2.17e-714
AG 0.657 (0.643-0.671) ' 1.06e-323
Torsional clash 0.657 (0.643-0.672) ! 1.32e-285
Cis bond 0.666 (0.651-0.682) ! 1.86e-261
Entropy main chain 0.68 (0.667-0.693) ! 1.78e-341
VdW clashes 0.69 (0.674-0.707) ! 1.96e-200
VdW volume 0.705 (0.692-0.719) ! 5.57e-297
Total volume 0.73 (0.717-0.744) ! 2.21e-245
Energy ionisation 0.749 (0.736-0.764) ! 2.86e-202
AEntropy side chain 0.787 (0.728-0.85) - 1.46e-09
Entropy side chain 0.815 (0.8-0.83) ! 1.14e-109
Void volume 0.832 (0.817-0.847) ! 6.19e-90
Solvation polar 0.85 (0.835-0.865) ! 7.94e-71
Backbone clash 0.877 (0.862-0.893) ] 5.34e-46
AEnergy ionisation 0.969 (0.95-0.987) ' 0.00105
Disulfide 0.978 (0.961-0.995) ! 0.0106
AEntropy main chain 0.998 (0.978-1.02) ' 0.858
ASolvation polar 1(0.983-1.02) . 0.818
ACis bond 1.05 (1.04-1.07) ' 9.59e-09
AHelix dipole 1.05 (1.03-1.07) ' 9.31e-06
Helix dipole 1.14 (1.12-1.16) " 3.55e-44
Backbone Hbond 1.16 (1.14-1.18) - 5.49e-60
Electrostatics 1.16 (1.13-1.18) - 7.24e-56
Vdw 1.17 (1.15-1.19) - 4.57e-67
Solvation hydrophobic 1.17 (1.15-1.19) - 1.08e-68
DSSP (T) 1.2 (1.13-1.28) - 1.4e-08
Sidechain Hbond 1.23 (1.2-1.25) " 1.24e-107
AElectrostatics 1.25 (1.22-1.27) " 1.42e-85
ATorsional clash 1.3 (1.27-1.33) ” 8.82e-125
ASolvation hydrophobic 1.43 (1.27-1.62) = 8.73e-09
ASidechain Hbond 1.46 (1.42-1.51) i 1.97e-144
DSSP (S) 1.47 (1.37-1.58) B 1.82e-26
AVdW 1.47 (1.28-1.68) i- 3.3e-08
DSSP (G) 1.6 (1.44-1.78) |- 5.13e-19
DSSP (H) 1.73 (1.66-1.79) e 1.48e-173
ADisulfide 1.76 (1.64-1.9) e 2.29e-52
DSSP (B) 1.9 (1.51-2.39) |- 3.49e-08
DSSP (E) 1.97 (1.87-2.08) i 1.55e-141
Salt bridge in alpha helix broken 2.52 (2.35-2.69) R 5.15e-165
Buried salt bridge broken 2.56 (2.39-2.73) §o. 2.02e-182
DSSP (1) 2.64 (2.06-3.39) i 2.02e-15
Proline in alpha helix 2.94 (2.31-3.76) §o- 9.8e-20
Glycine in bend 3.01 (2.46-3.69) - 3.14e-29
AVdW clashes 4.59 (4.32-4.87) i . 1.96e-534
ABackbone Hbond 4.8 (4.28-5.4) 1 - 3.59e-154
Residue in alpha helix replaced by proline/glycine 4.87 (4.31-5.49) | - 1.08e-175
AAG 5.93 (5.65-6.22) i . 6.99e-1121
Buried charge lost 6.25 (5.72-6.84) 1 - 1.49e-350
Buried charge switch 7.31 (5.75-9.28) 1 - 3.06e-81
Buried glycine replaced 7.79 (6.83-8.9) 1 - 1.09e-276
Buried charge introduced 9.45 (8.5-10.5) 1 - 2.31e-381
Buried hydrophobic replaced 15 (12.2-18.4) 1 - 2.19e-248
Buried proline introduced 23.1 (17.8-29.9) ' - 1.89e-260
Disulfide bond broken 93.8 (44.5-198) ; — 3.23e-138
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Figure S1: Forest plot for the associations of structure-informed features with variant pathogenicity.
Center values represent OR, and error bars represent the 95% CI for the OR. P values were calculated
by using Pearson’s chi-squared test. RSA, relative solvent accessibility; AAG, the unfolding free energy
difference between the wild-type and mutant protein; AG, the unfolding free energy of the wild-type
protein; OR, odds ratio; SS-bond, disulfide bond; DSSP codes: C, loop; H, alpha-helix; E, beta-sheet;
S, bend; G, 3-helix; I, 5-helix; T, hydrogen-bonded turn; B, residue in isolated beta-bridge; VAW, Van

der Waals. Related to Figure 2.
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Figure S2: The distribution of SIGMA (SIGMA+) scores for pathogenic (red) and benign (blue)
variants. (A) SIGMA scores in the test set. (B) SIGMA+ scores in the training set. (C) SIGMA+ scores

in the test set. Related to Figure 3 and Figure 7.



B 1o

AUC

AP Y. C R\ SN\ SRS N SRS SIS SRS R\
9\@\‘\ &« N2 08\/(\0 W ©° “\e\a% o \‘\e\‘& Q\Qe(\ oF

o
Variant effect predictor

Figure S3: The performance of predictors on the training set. Related to Figure 3.
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Figure S4: Performance of variant effect predictors on deep mutational scanning (DMS) datasets. (A)
Correlation between individual predictors and DMS measurements. (B) Correlation between meta-
predictors and DMS measurements. (C) The area under the ROC curves (AUCs) of individual
predictors on the BRCA1 DMS dataset. (D) The AUCs of meta-predictors on the BRCA1 DMS
dataset. Spearman’s correlation was calculated between functional scores from DMS experiments and

prediction scores from predictors. Related to Figure 3 and Figure 7.
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Figure S5: SIGMA predictions for 193 GoF variants and 921 LoF variants. Related to Figure 5.
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Figure S6: Pathogenicity matrix for each type of amino acid substitution in the labeled dataset. Related

to Figure 6.



SIGMA -

EVE

MutPred -

Predictors

PROVEAN -

DEOGEN2 -

000 025 050 075  1.00
Scaled importance

Figure S7: The importance of five predictors that contributed to SIGMA+. Related to Figure 7.
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Figure S8: The correlations between the prediction scores and the DMS scores measuring the protein

abundance of PTEN. Related to STAR Methods.



