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Variant annotation methods

Since 2004 we started to develop methods for the annotation of protein
variants at stability and functional levels
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Resources

The researchers of the BioFolD Unit have developed several web server applications that are cumently hosted on servers of the University of Bologna
(taly) and maintaned by other colaborators. n the future a mirror of these appications will be made available on this server. Currently you can reach these
web senvers using the foliowing inks.

Folding and Stability

I-Mutant1.0 Neural Network based method to predict the sign of free energy change of proteins upen single point mutation.
rubi®es )
I-Mutant2.0 Supeort Vector Machine based method to predict the sign and the value of free energy change of proteins upon single point mutation.
rubi®es )
K-Fold Supeort Vector Machine based methed to predict the mechanism and rate of protein folding kinetic.
rublBes )
(55

Genomic Variations and Disease

ContrastRank Statistical method for the classification of cancer samples usng exocme seguencing data.
rubies )

DrCancer Supeort Vector Machine based method to predict cancer-causing mutations (Beta version)
rubies )

Fido-SNP Machine leaming method for predicting the impact of SNVs in the dog genome.



Sequence, Structure & Function

Genomic variants in sequence motifs could affect protein function.
Mutation S362A of P53 affect the interaction with hydrolase USP7 and the
deubiquitination of the protein.

Y S362
- __—_—_—
Transcription Interaction Interaction Interaction Interaction
activation with WWOX with SH3  with DNA with USP7

Nonsynonymous variants responsible
for protein structural changes and
cause loss of stability of the folded
protein.

Mutation R411L removes the salt
bridge stabilizing the structure of the
IVD dehydrogenase.
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onserved or not?

In positions 66 the Glutamic acid is highly conserved Asparagine in position 138
IS mutated Threonine or Alanine
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Sequence profile

The protein sequence profile is calculated running BLAST on the UniRef90 dataset and
selecting only the hits with e-value < 10-°.

The frequency distributions of the wild-type residues for disease-related and neutral variants
are significantly different (KS p-value=0).
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Capriotti et al (2012). Briefings in Bioinformatics. 13; 495-512.



Structure environment

There is a significant difference (KS p-value = 2.8x10-71) between the distributions of
the Relative Accessible Solvent Area for disease-related and neutral variants. Their
mean values are respectively 20.6 and 35.7.
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Capriotti and Altman. (2011) BMC Bioinformatics.12 (Suppl 4); S3.



Protein variant databases

Many database are available collecting data about protein variations. Some of them are

not longer updated

= i

ClinVar

Clinically relevant variation

CTGATGGTATG(
AGGTACGGCTG
AGGGCTGGGA

CATGGTGCATC
CAGGTTGGTAT{
GCACTGACTC

=

ProTherm

Thermodynamic Database
for Proteins and Mutants

Protein Mvtant Database

Center for Information Biclogy and DNA Data Bank of Japan
National Institute of Genetics



Open challenges

 Automatic retrieval of the data from literature

* Integration of different sources of data in a dedicated repository

- Benchmarking of new computational methods

« Understanding the relationships between protein stability, function and disease



Literature dataset

We collected a set of articles from ProTherm database and use them for
training a machine learning method. Negative set are selected from PubMed.

ProTherm 1,773 Articles

Stability Data

|,773 Random Articles
No Stability Data
and Protein

PublMed




Data manipulation

We extracted the words from the full text version of the manuscript and build a Naive-
Bayes classifier based on the occurrence of the different words.
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Method performance

We performed different tests using different number of words as prediction features

Features Accuracy MCC AUC

10 095 0.90
15 0.97 0.94
20 0.97 0.94
35 097 0.94
50 0.97 0.94
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Data retrieval

The implementation of the previous machine learning method will be useful to simplify
the manual curation process preselecting a set of manuscripts with high probability of
including stability data.

) 4 ) 4 )

-
Protein Stability Manual Protein Stability
Articles Curation Database

» 21 b

v

c

o
Bl

®

o.




Meta prediction

One approach that we previously tested for the prediction of functionally deleterious
variants is the development of a meta prediction approach.

® \We can integrate different prediction methods for protein stability change

® \We can train methods on different type of variant datasets

The final goal consists in selecting highly-reliable predictions



CAGI experiments

The Critical Assessment of Genome Interpretation is a community experiment to
objectively assess computational methods for predicting the phenotypic impacts of
genomic variation.

|

Data Use Agreement ’ : CAC - . .

Welcome to the CAGI experiment!

D Qverview The CAGTI 4 Conference

3 CAGI Presentations

3 Challenges The Fourth Critical Assessment of Genome Interpretation (CAGI 4) prediction scason has closed. Eleven
® Bipolar exomes challengss were released beginning on 3 August 2015, and the final chal'enge closec on 1 February 2016.

@ Crohn's exomes

7 eQTL causal SNPs

® Hopkins clinical pane!
® NAGLL

& NPM-ALK

 BGP

 Pyruvate kinase

@ SickKids clinical
gencmes

@ SUMO ligase
) warfarin exomes

% Conference

Independent assessment of tne predicions nas teen comaiered.

The CACI 4 Conference was held 25-27 Ma~ch 2C16 in Genentech all on the UCSF Missicn Bay camgus in
Sar Francisco, Californie. Conference presentations (remixatble sides and video) are providec on the CAG] 4
conferance proqram page and also on each challenge page.

Please cistribute this information widely and follew cur Twitter feed @CAGInews and the web site for
updates. For mors information on the CAGI exper ment, see the Qverview.

CAGI Lead Scientist or Postdoctoral Researcher position open!

Take the lzad of the CAGI experiment’ We are searching fFor ¢ CAGI Lead Scientist or Pcstdoctoral
Researcher o join us in early 2016. Roger Hoskins wil lead the CAGI 4 experiment o ils completion, oul e
IS unable to continue in the role beyond mid-2C16. He will ovariap with the new CAGI leader to ensure a
seamless transition. Job descriptions posted at http://compbio.berkeley.ecu/iobs

https://genomeinterpretation.org/



Frataxin challenge at CAGI

¢ Participants were asked to submit predictions of the
variation of the unfolding free energy change upon
mutation at concentration 0 of denaturant (AAGH2o).

e Data providers at the University of Roma
experimentally determined the unfolding free energy
of the wild-type and 8 mutants using CD and
Fluorescence. The average value between the two
AAGH20 is considered for the assessment
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Experimental AAGHz0

Fold-X and I-Mutant

The performance of Fold-X is comparable with the negative of predictions
from Group 6

Reverse Group_6 Fold-X I-Mutant
PCC=0.78 - SPC=0.71 - KTC=0.57 PCC=0.77 - SPC=0.62 - KTC=0.50 PCC=0.76 - SPC=0.64 - KTC=0.50
RMSE=2.32 - MAE=1.60 RMSE=2.24 - MAE=1.62

RMSE=3.13 - MAE=2.24
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Averaged predictions

For W173C we found the highest difference between predicted and experimental AAGs

Average Predictions
PCC=0.88 - SPC=0.81 - KTC=0.57
RMSE=2.50 - MAE=1.82
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