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The “omic” revolution
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The analysis of the components of a living organism 
in its entirety
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Genotype & Phenotype

October 2, 2020

~ 3 billion bases
~ 20,000 protein coding 
genes

Coding for
~ 230,000 RNA transcripts
~ 40,000 proteins



Genes & Diseases
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A single variation can lead 
to disease insurgence

Aniridia



Deep sequencing
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Genomic Techniques
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Case/control studies

Mutated genes/proteins

Drug target discovery

Drug libraries

Significant 
variations 
must be 

prioritised

Around 4 millions
sites differ between 2 

individuals

Pedigree studies



Computational prioritization

TestingTraining

Machine learning 

New variations

Prediction

Machine learning 

Data Base Subset
TTCCPSIVARSNFNVCRLPGTPEAICATYTGCIIIPGATCPGDYAN

General 
rules

Known associations

• To date, some 30.000 variations 
in 13.000 human proteins are 
associated to disease

• Each complete sequence reports 
millions of variations. 

• Case-control or pedigree analyses 
report tens to hundreds variations

Computational methods can leverage 
available information and generalize 

to new uncharacterized variations 



Predicting the effect of variations
www.biocomp.unibo.it/predictors
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Effects on protein stability

sequence

structure

INPS-MD
Relation to disease
SNPs&GO



Genotype to Phenotype relation is 
complex
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…code for 

proteins...

Genes in 

DNA...

Proteins interact 

…proteins correspond to 

functions...

…when they are expressed

…with 

different effects 

depending on 

variability

….in metabolic pathways
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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, HI-seq,…) (important for gene regulation)

Microbiome → Genome/transcriptome of host 
organisms important in health and disease



More omic levels can be 
investigated
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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

Concentration of small molecules 

NMR, Mass-spec, HT chromatography..



Drug targets must be searched in the 
context of biological complexity

Integrative computational methods 
are needed

New targets can be 
predicted

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

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



Integrating the information 
available in different databases
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eDGAR shows disease genes in their context
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From phenotypes to pathways and 
genes
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http://phenpath.biocomp.unibo.it/phenpath/



Target proteins/pathways can be 
identified starting from phenotypes
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Conclusions
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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



ELIXIR: a Research Infrastructure 
to face the Big Data challenge in Biology in Biology

EPTRI Stakeholder Round Table– July 9, 2020

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.

1 hub 23 national nodes
including over 160
Research Organizations.

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



www.biocomp.unibo.it
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