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Previous steps

● Classic approach
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Networks are around us

● Networks are around us



Networks are around us

● Networks are extremely useful to represent inner interactions 
elements within a system



Networks in molecular biology

● Networks give us a good approach to systems biology



Networks in molecular biology

● Some derived concepts
○ How the system is impaired (rather than its elements)
○ Sample heterogeneity



Networks in molecular biology

● Gene neighbourhoods (communities)
● Secondary candidates



Networks in molecular biology

● Some complex diseases shown a high 
degree of sample heterogeneity (e.g. Retinitis 

pigmentosa)

● Same disease in different populations 
is caused by different genes (Fernandez, 2013, 

Orphanet J Rare Dis)

● Phenotypically similar diseases are 
often caused by functionally related 
genes (Goh 2007 PNAS)

Disease is better explained as a System Perturbation rather than a sub-cellular characteristic

Modular nature of human genetic diseases



Networks in molecular biology

● Structure of protein-protein interactome explains the human 
mutational burden in healthy population



Networks in molecular biology

Disease-gene prioritization approaches



Networks in molecular biology

● Knowledge is represented as a graph
○ Proteins are the vertices
○ Interactions are the edges



Networks in molecular biology

● Biological networks
○ Scale-free (power law)



Networks in molecular biology

● Types of networks
○ Protein-protein interactions



Networks in molecular biology

● Types of networks
○ PTMs
○ Coexpression
○ Functional terms
○ Mixed networks

http://genemania.org/

http://genemania.org/
http://genemania.org/


Networks in molecular biology

Network are evaluated through some parameters:

● At a network level:
○ Number of components
○ Clustering coefficient 

● At a gene level:
○ Closeness centrality
○ Betweenness centrality
○ Degree



Network enrichment (SNOW)

●



Network enrichment (SNOW)

Does a set of input genes represent a biologically 
meaningful network?



Network enrichment (SNOW)



Network enrichment (SNOW)

Network compilation



Network enrichment (SNOW)



Network enrichment (SNOW)

● Comparison against N random networks

Input 
networkRandom 

networks
(NULL 

distribution)



Some exercices

Worked examples of SNOW in Babelomics 5 wiki

https://github.com/babelomics/babelomics/wiki/network-enrichment-(snow)

https://github.com/babelomics/babelomics/wiki/network-enrichment-(snow)
https://github.com/babelomics/babelomics/wiki/network-enrichment-(snow)


Network-based GSEA (Network miner)

● Gene set enrichment



Network-based GSEA (Network miner)

●



Network-based GSEA (Network miner)

Is there a latent sub-network related to ranking criteria?

significant random



Network-based GSEA (Network miner)



Network-based GSEA (Network miner)

Enrichment score



Some exercises...

Worked examples of NM on Babelomics 5 wiki

https://github.com/babelomics/babelomics/wiki/Gene%20Set%20Network%20Enrichment%20(Network%20Miner)

https://github.com/babelomics/babelomics/wiki/Gene%20Set%20Network%20Enrichment%20(Network%20Miner)
https://github.com/babelomics/babelomics/wiki/Gene%20Set%20Network%20Enrichment%20(Network%20Miner)


Some conclusions

● Networks are extremely useful to represent complex interactions 
between the components of a living system

● Networks (derived from selected genes) can be characterized by using 
different topological parameters.

● Network-based representations give us a perfect approach for systems 
biology

● Mechanistic interpretation of impaired elements is quite intuitive (at 
least compared to f.e.)
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Thank you

Any comment/question is welcome

jcarbonell@cipf.es


