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Missense

• hereditary (or germline) mutations   genetic disease

• acquired (or somatic) mutations        cancer

…GAT…  …GAA…
Asp     Glu
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Venn diagram showing the overlap between
five datasets used in this study.
VariBenchSelected (10266 variants) is the part of 
VariBench not overlapping with HumVar nor 
ExoVar. predictSNPSelected (16098 variants) is 
the part of predictSNP not overlapping with 
HumVar, ExoVar nor VariBench. 
SwissVarSelected (12729 variants) is the part of 
SwissVar that does not overlap with HumVar, 
ExoVar, VariBench, nor predictSNP. 
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Novel Approach

SEQuence-based features:
• conservation
• Δ conservation (wt vs 

mutated allele)

STRuctural feature:
• Solvent Accessible Surface 

Area

DYNamical features:
• GNM Mean Squared 

Fluctuations
• PRS analysis 

(effectors/sensors)
• Mechanical Bridging Score
• MechStiff

Features used for classification

Random Forest classification
• trained on 20,000 annotated 

human variants
• 10-fold cross-validation 

procedure

Integrated Dataset
~ 20,000

unique SAVs with known 
PDB structure

Aims:
1. estimate accuracy attainable 

by combining SEQ-STR-DYN 
features

2. quantify contribution of 
dynamical features
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Integrated Dataset
Dataset original size (a) SAVs with PDB 

structure (b)
% deleterious SAVs % same-site 

SAVs (c)

HumVar
(Adzhubei et al. 2010)

40,389 10,973 83.9 % 23.0 %

ExoVar
(Li et al. 2013)

8,850 3,053 90.4 % 8.9 %

VariBenchSelected 
(Nair and Vihinen 2013)

10,266 3,286 82.3 % 40.3 %

predictSNPSelected 
(Bendl et al. 2014)

16,098 3,893 85.4 % 10.3 %

SwissVarSelected 
(Mottaz et al. 2010)

12,729 2,033 38.2 % 2.4 %

Union of all 
datasets (d)

- 20,413 78.4 % 18.6 %
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(a) The original 5 datasets have been extracted from (13). The three “Selected” datasets have been cleared from SAVs already present in HumVar and ExoVar.
(b) Only the SAVs in proteins for which a PDB structure has been reported (according to Uniprot website) have been considered. In parenthesis, we show the number of SAVs used in our analysis, after excluding duplicates 
and the cases where structural data were insufficient to compute all DYN features.
(c) Percentage of SAVs for which at least one other variant at the same sequence position, but with different substitutions, is reported in the dataset. Such same-site variants (e.g. S100A and S100R in given protein) are 
distinguished by SEQ features only. For this reason, for training/testing of the DYN classifier, we retained only a single representative for each group of same-site variants.
(d) When combining the five datasets, duplicates have been eliminated.



Novel Approach

SEQuence-based features:
• conservation
• Δ conservation (wt vs 

mutated allele)

STRuctural feature:
• Solvent Accessible Surface 

Area

DYNamical features:
• GNM Mean Squared 

Fluctuations
• PRS analysis 

(effectors/sensors)
• Mechanical Bridging Score
• MechStiff

Features used for classification

Random Forest classification
• trained on 20,000 annotated 

human variants
• 10-fold cross-validation 

procedure

Accuracy
• ROC-AUC = 0.83
• PRC-AUC = 0.94
• Matthews corr. coeff. = 0.44

• comparison with other 
prediction tools
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Increased accuracy by combining 
SEQ + STR + DYN features

SEQ classifier

predicted score

STR/DYN classifier

predicted score

SEQ+STR+DYN

predicted score
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Example: human α-L-iduronidase
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Global mode shapes for 15 PDB structures. Residues forming the catalytic active sites are 
marked as (O), inhibitors binding sites as (▄), and both as ().

Catalytic sites 
coincide/communicate 
with global hinge 
centers

Lee-Wei Yang &  Bahar (2005) Structure 13, 893-904.

Coupling between global mechanics & catalysis



Novel Approach
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SEQuence-based features:
• conservation
• Δ conservation (wt vs 

mutated allele)

STRuctural feature:
• Solvent Accessible Surface 

Area

DYNamical features:
• GNM Mean Squared 

Fluctuations
• PRS analysis 

(effectors/sensors)
• Mechanical Bridging Score
• MechStiff

Features used for classification

Random Forest classification
• trained on 20,000 annotated 

human variants
• 10-fold cross-validation 

procedure

Aims:
1. estimate accuracy attainable 

by combining SEQ-STR-DYN 
features

2. quantify contribution of 
dynamical features
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SEQ features STR/DYN features
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SASA (Å2) ranking as effector

ranking as sensor

ranking based on MBS

MSF (a.u.) stiffness (a.u.)

Discriminatory power of individual features
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