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The “omic” revolution

The analysis of the components of a living organism
- in its entirety
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Genotype & Phenotype

~ 3 billion bases
~ 20,000 protein coding
genes
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Coding for
~ 230,000 RNA transcripts

Eve Colors
Strum and Frudakis (2004) Trends in Genetics 20:327
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Genes & Diseases

A single variation can lead
to disease insurgence
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Dna Sequencing
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Hundreds of Millions
of Genomic DNA Fragments
on a Surface

Py .

Computational
Analysis of Data
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Cost per Human Genome
$100,000,000

$10,000,000

Moore’s Law

$1,000,000

$100,000

$10,000

N I H National Human Genome
Research Institute
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Drug target discovery

Case/control studies Around 4 millions
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Pedigree studies >

Significant
variations
must be
prioritised
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Computational prioritization

* Each complete sequence reports
* To date, some 30.000 variations millions of variations.

in 13.000 human proteins are

associated to disease * Case-control or pedigree analyses
report tens to hundreds variations
Training Testing

Data Base Subset
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New variations

achine learning)~, General achine learning
| rules
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Known associations Prediction

Computational methods can leverage
available information and generalize

E I I R I to new uncharacterized variations BIOTECH
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Predicting the effect of variations

www.biocomp.unibo.it/predictors
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Method Q2 P[D] Q[D]  P[N]  Q[N] C PM (%)  Method Blind test P53 blind set
Corr/SE Corr /SE
PolyPhen® 0.71 0.76 0.75 0.63 0.64 0.39 58
SIFT® 0.76  0.75 0.76 0.77 0.75 0.52 93 INPS 0.68/1.26 0.69/1.45 sequence
PANTHER® 0.74 0.77 0.73 0.71 0.76 0.48 76 EASE-MM  0.69/1.34 0.56/1.13
Eremorph® 0.74  0.83 0.64 0.68 0.85 0.50 82
HybridMeth® 074 074 070 074 077 047 100 INPS3D 0.72/1.15 0.76/1.35
SNPs&GO 0.82  0.83 0.78 0.80 0.85 0.63 100 MAESTRO® 0.70/1.13° 0.44/1.75 structure

e P T R I mCSM» 0.73/1.08" 0.68/1.40
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Genotype to Phenotype relation is

complex
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Sequencing enables more Omics

Cell/Tissue specific genome > Somatic variations (e.g. in cancer)

Cell/Tissue/Process specific > When and where genes are expressed
transcriptome (RNA-seq)

Protein-DNA/RNA interactome > Mechanisms of gene expression
(Chip-seq) regulation

DNA epigenome > Structure and state of chromatin
(Chip-seq, Methyl-seq, Hl-seq,...) (important for gene regulation)
Microbiome - Genome/transcriptome of host

organisms important in health and disease
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More omic levels can be

investigated

Cell/Tissue/Process specific proteome
When and where proteins are expressed

Mass-spec, immunofluorescence, ...

Protein interactome
Protein-protein interaction networks

Yeast 2-Hybrid, affinity purification + Mass-spec, ...

Cell/Tissue/Process specific metabolome

Part 1
Metabolic Pathways

Roche Biochemica Pateoys

Concentration of small molecules

NMR, Mass-spec, HT chromatography..
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Drug targets must be searched in the

context of biological complexity

Complex network of networks (DNA, RNA, Proteins, Metabolites)

ﬁm Systems Behaviour Eritaihonnding
Metabolome space
® tr_;m
metabolite3 C_WIT2 T Kiotho>
..' New targets can be
""""‘ predicted

New (unexpected) effects
of a drug can be explained
or predicted

Metabolic

networks metabolite2

Signalling
Pathways

Protein-protein
Interaction  protein1

Gene RNA1
Regulatory

Pathways

gene
t (c) David Gilbert, 2008 Systems Biology Introduction $

e P T R I Integrative computational methods BIOTECH

WEEK
EuroPeEAN PAEDIATRIC TRANSLATIONAL RESEARCH INFRASTRUCTURE a re n eEdEd INNOVATION IS IN OUR GENES




OMIM

CLINVAR
3

Integrating the information

available in different databases

HUMSAVAR
5,729 gene-disease associations,

including 3,658 genes related to 2,672 diseases
(OMIM phenotypes and Phenotypic Series)
edgar.biocomp.unibo.it K
: Il), Babbi et al., BMC Genomics 2017 K
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eDGAR shows disease genes in their context

Interactions Requlatory relations
among genes involved in polygenic diseases among genes involved in polygenic diseases

Pairs of genes: # diseases # genes

In the same CORUM Complex 86 (13.8%) 469 (1.9%) l ‘TF/target pairs 39 (6.30/0) 81 (0.30/0)
(both involved in the disease)

Pairs of genes: # diseases # genes

Co-resolved in PDB 96 (15.5%) 257 (0.8%)

Directly linked in STRING 291 (46.9%) 1,535 (6.1%)

Directly linked in BIOGRID 250 (40.3%) 4,355 (17.4%) ‘!‘

&

Co-regulated by the same TF 273 (44.0%) 2,308 (9.2%
Indirectly linked in STRING 115 (18.5%) 944 (3.8%) o

Indirectly linked in BIOGRID 160 (25.8%) 5,228 (20.8%) . .

(not involved in the disease)

&

Functional relations
among genes involved in polygenic diseases

Pairs of genes: # diseases # genes

Sharing Molecular Function GO 586 (94.4%) 19,075 (76.0%)

" Sharing Cellular Component GO 604 (97.3%) 23,645 (94.2%)

Sharing Biological Process GO 597 (96.1%) 22,948 (91.4%)

' 'Sharing KEGG pathway 349 (56.2%) 3129 (12.5%) ::;;FOPEAN
- Sharing REACTOME pathway 474 (76.3%) 9806 (39.1%) .- BIOTECH
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From phenotypes to pathways and

genes

Phenotypes
Human Phenotype Ontology
OMIM Clinical Synopsys

ClinvVar, HUMSAVAR, OMIM PhenPath

BT °OGAR

Annotation, NET-GE

Molecular mechanisms

and biological pathways

http://phenpath.biocomp.unibo.it/phenpath/
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Target proteins/pathways can be

identified starting from phenotypes

Ovarian Cyst

(HP:0000138)

Obesity Diabetes
(HP:0001513) %@ g (HP:0000138)

shared genes
the 3 phenotypes share
the gene PPARG,
the peroxisome proliferator-activated
receptors gamma; function:
regulation of energy metabolism

e P T R I shared pathways %L\';BEE;EE
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Conclusions

Deep sequencing, Mass spectrometry, Y2H and other
techniques provide tools to dissect the complexity of
biological systems

Drug targets and drug (side) effects must be discovered in
the context of this complexity

Data needs to be collected, standardized, integrated and
analysed
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ELIXIR: a Research Infrastructure

to face the Big Data challenge in Biology in Biology

ELIXIR is an intergovernmental organisation (Landmark European Research
Infrastructure) that brings together “bioinformatic resources” for life sciences from
across Europe. These resources include databases, software tools, training materials,

best practices, cloud storage and supercomputers.

Galaxy Plant Science

Intrinsically
Disordered
Proteins

. Five technical platforms for Compute, Data, Tools,
Interoperability and Training complemented by
several user communities

Microbial
Biotechnology 3DBiolnfo

arine

including over 160
Rare Diseases Resea rCh Orga nizations.

Human Data

Human Copy
Number Variations
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www.biocomp.unibo.it

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA

Predictors/Databases

Group Leader
Rita Casadio

Senior Researchers
Emidio Capriotti
Pietro Di Lena
Piero Fariselli (PO, Univ. of Torino)
Pier Luigi Martelli
Young Researchers

Castrense Savojardo

Contract Researchers
Giulia Babbi

External Collaborators

Ivan Rossi (BioDec)
Giuseppe Profiti (BioDec)
Giacomo Tartari (CNR-IBIOM)
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University of Bolog

PhD Students

Davide Baldazzi
Giovanni Madeo
Matteo Manfredi
Teresa Tavella

Former Members

Francesco Aggazio
Lisa Bartoli
Samuele Bovo
Remo Calabrese
Raffaele Fronza
Valentina Indio
Paola Marani
Ludovica Montanuceci
Andrea Pierleoni
Damiano Piovesan
Deepak Rajan
Priyank Shukla
Shalinee Tiwari
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News and
Announcement

September 16-20, 2019
Special Advanced Course on
"RNA Analysis" . Prof. Cedric
Notredame -Centro de Regulacic
Genomica-Barcelona

July 9, 2019

Workshop del Gruppo "Biologia
Computazionale e dei Sistemi”
della Societa Italiana di
Biochimica a Biclogia
Molecolare. Programme

July 8, 2019

Corso Breve su "Interazioni
Proteina-Proteina" - Gruppi
"Proteine” e "Biologia
Computazionale e dei Sistemi”
della Societa Italiana di
Biochimica a Biclogia
Molecolare. Programme

June 10-14, 2019

Special Advanced Course on
"Exact string matching in
bicinformatics and NGS
analysis”. Prof. Anders Krogh -
Bioinformatics Center- University
of Copenhagen
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