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PCM1 challenge

 Input: 38 missense variants within the Pericentral
Material 1 (PCM1) gene. Q15154 (PCM1_HUMAN)

« Variants were assessed in a zebrabish model for the
impact on brain development

« Challenge: provide predictions about the impact of each
variant on brain development

 Three classes: benign, hypomorphic and pathogenic

 Our approach: Disease Index Matrix (Casadio et al.,
2011)



 Pdindex: Learning from data bases

Single Amino acid Polymorphism (SAP) data sets

SAP-Data Base SAPs * Proteins *
Disease related |°Neutral |Total
dbSNP - 7,417 7,417 4,781
UniProt 10,322 (OMIM) - 10,322 837

SAP-UniProt+dbSNP

(150 SAP types) 10,322 7,417 17,739 5,380

Disease related SAPs (Single Aminoacid Polymorphisms) of globular proteins are
derived from UniProtKB (release 2010_04/23 March 2010) considering only
mutations that are OMIM annotated and excluding those related to somatic cancer.
The set of neutral mutations comprises all the missense mutations that were
retained from dbSNP (11/09/2010 RELEASE, Build 132,
http://www.ncbi.nlm.nih.gov/projects/SNP/), provided that the minor allele
frequency is >5% in each and all (12) populations. The SAP-Final dataset is
obtained by merging both UniProt and dbSNP mutations (SAP-UniProt+dbSNP)
*Figures are given as numbers of SAPs and proteins, respectively.

Casadio R et al.,, Hum Mutat. 2011, 32(10):1161-70.
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Computing a disease index: Pd

SAP type (X-2Y) (X and Y are the wild type residue and the mutated residue,
respectively) the associated disease probability (or disease index PA(X-2>Y)) is :

Pd(X-2Y) = Nd (X2Y)/N(X~>Y)

Nd (X-Y) is the number of XY mutations conducive to a any kind of disease
N(X-Y) is the total number of mutations X=2>Y
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The Disease Index values (Pd) for each SAP type
The darker is the color, the higher the Pd value.

Wild type residues are shown on the left and target
residues at the top.

For each mutation type the corresponding number of
mutations and, between round brackets, the number of
proteins in which mutations are annotated, are shown. Pd
is computed for the 150 SAP types due to SNPs. Squares
comprising mutations within the same residue group are
coloured in red, blue, green and yellow, respectively. All
the other off-diagonal squares comprising mutations
included in different groups are shown as a combination of
the four colours

Casadio R et al., Hum Mutat. 2011, 32(10):1161-70.
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Number of variants

Results on 38 PCM1 variants

Distribution of PD values for pathogenic, hypomorphic and benign variants

Hypomorphic (pred]

Pathogenic (pred)

@ pathogenic (count)
@ hypomorph (count)

benign (count)

’ Pathogenic if Pd>=0.6

2

Benign (pred) l
1
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Pd

Hypomorphic: if 0.4 <Pd< 0.6
Benign: if Pd <= 0.4



Results

Predicted
P H B
8 P 4 6 2 Pathogenic if Pd>=0.6
> H hic: if 0.4 <Pd< 0.6
- ypomorphic: if 0. .
3 H 3 6 1 Benign: if Pd <= 0.4
o)
© B 9 7 0
Class
Measure
P H B
MCC -0.12 0.12 -0.25




Some alternative prediction, ex-post...

e What is the molecular effect relevant for the
problem at hand?

Could the effect be related to protein stability
perturbation?



Thermodynamic data for 141 SAP types found in ProTherm
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Figure 1. Distribution of AAG values corresponding to 141 SNP types found in ProTherm.

Each bar represents the fraction of experiments (total is 3089) with AAG values in the

corresponding range. Mutations corresponding to AAG < -1 Kcal/mol and AAG >1 Kcal/mol are
3 labeled as perturbing the protein stability .

Y

ProTherm:
&
@y //gibk26.bse.kyutech.ac.jp/jouhou/protherm/protherm.html




Computing the probability indexes of
protein incorrect folding and Pp

For each SAP type (X-2Y) we computed the probability index of perturbing
protein stability:

Pp(X-Y) = Np (X°>Y)/N(X>Y)

Np (X-Y) is the number of XY variations with |[AAG|>1 kcal/mol
N(X->Y) total number of variations X-2Y in the thermodynamic database




The Perturbation Probability Index (Pp)
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Casadio R et al., Hum Mutat. 2011, 32(10):1161-70.



Results with Pp matrix

Distribution of Pp values for pathogenic, hypomorphic and benign variants

Hypomorphic (pred)

6 @ benign (count)
@ hypomorph (count)

pathogenic (count)
Benign (pred)
Pathogenic (pred)

Pathogenic : if Pp>=0.6
Hypomorphic: if 0.4 < Pp < 0.6
Benign : if Pp <= 0.4

[p+]

Number of variants




Results with Pp matrix

Predicted
P H B
o P 4 5 3
()
-
Q H 3 6 1 o
B Pathogenic : if Pp>=0.6
@) Hypomorphic: if 0.4 < Pp < 0.6
B 5 6 5 Benign : if Pp <= 0.4
Class
Measure
P H B
MCC 0.03 0.18 0.15




INPS predictor

* Impact of Non-synonymous variation on Protein Stability
(INPS): prediction of aAG, upon protein single-point
variation

* Based on a Support Vector Regression (SVR) approach

Fariselli, P., Martelli, P.L., Savojardo, C., Casadio, R. (2015) INPS: predicting the impact of non-
synonymous variations on protein stability from sequence. Bioinformatics, 31(17), 2816-2821.



INPS

BLOSUM®62 Nat->Var

Hydrophobicity Nat

Hydrophobicity Var

Mutability Index

Molecular Weight Nat

Molecular Weight Var

HMM AScore Nat-Var

SVR

RBF Kernel ‘ AAGf

* Mutability index is computed for the native residue using the Dayhoff mutability scale

e HMM Ascore

* Encodes the evolutionary information

A HMM is built using a MSA of query sequences (native)

* Both native and variant sequences are aligned to the HMM and the Viterbi-score difference is taken as
a measure of the variation distance between the two sequences

Fariselli, P., Martelli, P.L., Savojardo, C., Casadio, R. (2015) INPS: predicting the impact of non-
synonymous variations on protein stability from sequence. Bioinformatics, 31(17), 2816-2821.



INPS: performance evaluation

INPS predictions on S2648 o
(5Fold cross-validation, per protein split) INPS predictions on P53 dataset

Observed AAG
Observed AAG

Predicted AAG

Predicted AAG

Method CC  RMSE Method CC RMSE
INPS 0.53 1.29 INPS 0.71 149
mCSM 0.51 1.26 mCSM 0.68 1.40
CC= Pearson’s correlation coefficient Duet 068  1.39
RMSE=Root Mean Square Error PopMusic2.0 0.56 1.52




Number of variants

Results with INPS (from sequence)

Distribution of | DDG| values for pathogenic, hypomorphic and benign variants

Benign (pred)
5

Hypomorphic
(pred)

Pathogenic (pred) B benign (count)

B hypomorph (count)
B pathogenic (count)

Pathogenic: if |DDG| >=1.0
Hypomorphic: if 0.5 <= |DDG| < 1.0
Benign: if | DDG|< 0.5

1.50 1.70
|AAG| (kcal/mol)




Results with INPS (from sequence)

Predicted

P H B
° P 3 6 3
q>) Pathogenic: if |DDG| >= 1.0
E H 0 5 5 Hyp.omo.rphic: if 0.5 <= |[DDG| < 1.0
3 Benign: if |DDG|< 0.5
© B 4 | 4 | 8

Class
Measure
P H B

MCC 0.12 0.13 0.14
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