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 Structure of subcellular organelles (structural proteins)‏

 Transport machinery across the various biological membranes 

(nuclear pore importins)‏

 Packing the chromatine (histones)‏

 Signal transduction (important in many diseases, eg. cancer)‏

 Regulation of gene expression (transcription factors)‏

 Protein modifications (kinases)‏

Ppis are a central point at 
almost every level of cell function
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✔ Transient (weak) – eg. signalling cascades
✔ Stable (strong) – eg. protein complexes

A ppi is a physical interactions between two proteins.



  

Information about a single protein
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BRCA2 is your favourite protein, where do you find information about its 
interactions?

From: 
✔ IntAct - http://www.ebi.ac.uk/intact
✔ HPRD - http://www.hprd.org
✔ MINT - http://mint.bio.uniroma2.it
✔ BIND - http://bond.unleashedinformatics.com
✔ DIP - http://dip.doe-mbi.ucla.edu
✔ BioGrid - http://thebiogrid.org

http://www.ebi.ac.uk/intact
http://www.hprd.org/
http://mint.bio.uniroma2.it/
http://bond.unleashedinformatics.com/
http://dip.doe-mbi.ucla.edu/
http://thebiogrid.org/


  

Information about a single protein
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BRCA2 is your favourite protein, where do you find information about its 
interactions?

From: 
✔ IntAct - http://www.ebi.ac.uk/intact
✔ HPRD - http://www.hprd.org
✔ MINT - http://mint.bio.uniroma2.it
✔ BIND - http://bond.unleashedinformatics.com
✔ DIP - http://dip.doe-mbi.ucla.edu
✔ BioGrid - http://thebiogrid.org

93 interactions

http://www.ebi.ac.uk/intact
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http://mint.bio.uniroma2.it/
http://bond.unleashedinformatics.com/
http://dip.doe-mbi.ucla.edu/
http://thebiogrid.org/


  

Information about a single protein
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BRCA2 is your favourite protein, where do you find information about its 
interactions?

From: 
✔ IntAct - http://www.ebi.ac.uk/intact
✔ HPRD - http://www.hprd.org
✔ MINT - http://mint.bio.uniroma2.it
✔ BIND - http://bond.unleashedinformatics.com
✔ DIP - http://dip.doe-mbi.ucla.edu
✔ BioGrid - http://thebiogrid.org

24 interactions

http://www.ebi.ac.uk/intact
http://www.hprd.org/
http://mint.bio.uniroma2.it/
http://bond.unleashedinformatics.com/
http://dip.doe-mbi.ucla.edu/
http://thebiogrid.org/


  

Information about a single protein
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BRCA2 is your favourite protein, where do you find information about its 
interactions?
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✔ IntAct - http://www.ebi.ac.uk/intact
✔ HPRD - http://www.hprd.org
✔ MINT - http://mint.bio.uniroma2.it
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✔ BioGrid - http://thebiogrid.org

6 interactions
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http://dip.doe-mbi.ucla.edu/
http://thebiogrid.org/


  

Information about a single protein
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BRCA2 is your favourite protein, where do you find information about its 
interactions?

From: 
✔ IntAct - http://www.ebi.ac.uk/intact
✔ HPRD - http://www.hprd.org
✔ MINT - http://mint.bio.uniroma2.it
✔ BIND - http://bond.unleashedinformatics.com
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Information about a single protein
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BRCA2 is your favourite protein, where do you find information about its 
interactions?

From: 
✔ IntAct - http://www.ebi.ac.uk/intact
✔ HPRD - http://www.hprd.org
✔ MINT - http://mint.bio.uniroma2.it
✔ BIND - http://bond.unleashedinformatics.com
✔ DIP - http://dip.doe-mbi.ucla.edu
✔ BioGrid - http://thebiogrid.org

5 interactions

http://www.ebi.ac.uk/intact
http://www.hprd.org/
http://mint.bio.uniroma2.it/
http://bond.unleashedinformatics.com/
http://dip.doe-mbi.ucla.edu/
http://thebiogrid.org/


  

Information about a single protein
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BRCA2 is your favourite protein, where do you find information about its 
interactions?

From: 
✔ IntAct - http://www.ebi.ac.uk/intact
✔ HPRD - http://www.hprd.org
✔ MINT - http://mint.bio.uniroma2.it
✔ BIND - http://bond.unleashedinformatics.com
✔ DIP - http://dip.doe-mbi.ucla.edu
✔ BioGrid - http://thebiogrid.org

37 interactions

http://www.ebi.ac.uk/intact
http://www.hprd.org/
http://mint.bio.uniroma2.it/
http://bond.unleashedinformatics.com/
http://dip.doe-mbi.ucla.edu/
http://thebiogrid.org/


  

State of art of ppi databases

Overlap of ppis

Overlap of proteins

No one has a complete coverage of the known ppis
(neither of the complete interactome)‏
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Information about a single protein
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BRCA2 is your favourite protein, where do you find information about its 

interactions? Choose your favourite!!



  

Information about a single protein

Some resources that collect 
(and predict) interactions

✔ STRING - http://string-db.org/
✔ GeneMania - http://genemania.org
✔ APID - http://bioinfow.dep.usal.es/apid
✔ GeneCards - http://www.genecards.org
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http://string-db.org/
http://genemania.org/
http://bioinfow.dep.usal.es/apid
http://www.genecards.org/


  

Techniques to explore protein-protein 
interactions

Non-screening techniques: Co-inmunoprecipitation, fuorescence 
resonance energy transfer, Dual polarization interferometry.

But most of the data we find in the databases come from high-throughput 
techniques:

✔ Bio-molecular fuorescence complementation.
✔ Yeast two-hybrid (Y2H).
✔ Tandem affinity purification (TAP).
✔ High-throughput mass spectrometry.
✔ Cross-linking. 

from the Molecular Interactions Ontology
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If bait catch the prey (interaction) a reporter gene is expressed.
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Yeast two hybrid experiments

A. Gal4 transcription factor gene 
produces two domain protein (BD 
and AD), which is essential for 
transcription of the reporter gene 
(LacZ).

B,C. Two fusion proteins are 
prepared: Gal4BD+Bait and 
Gal4AD+Prey. None of them is 
usually sufficient to initiate the 
transcription (of the reporter 
gene) alone.

D. When both fusion proteins are 
produced and Bait part of the first 
interact with Prey part of the 
second, transcription of the 
reporter gene occurs.



  

State of art of ppi interaction data

Issues with ppi data:

✔ High-throughput experiments do not overlap.

✔ Methods do not reach saturation point.

✔ Lack of accuracy or coverage of some of them.

✔ False positives, non specific interactions (y2h, 50%).

✔ Bias in the functional categories each of the methods detect.

✔ datasets based on purified complexes predict relatively few interactions for 

proteins involved in transport.

✔ y2h fails in detecting proteins involved in translation.

✔ y2h cannot detect interactions requiring three or more proteins or those 

depending on post-translational modifications.

✔ Interactions occurring outside the nucleus are not detected by y2h.

 VII International Course of Massive Data Analysis - 2011



  

Controlled Vocabulary: Molecular Interactions Ontology
[Term]
id: MI:0018
name: two hybrid
def: "The classical two-hybrid system is a method that uses transcriptional activity as a measure of protein-
protein interaction. It relies on the modular nature of many site-specific transcriptional activators (GAL 4) , 
which consist of a DNA-binding domain and a transcriptional activation domain. The DNA-binding domain serves to 
target the activator to the specific genes that will be expressed, and the activation domain contacts other 
proteins of the transcriptional machinery to enable transcription to occur. The two-hybrid system is based on 
the observation that the two domains of the activator need to be non-covalently brought together by the 
interaction of any two proteins. The application of this system requires the expression of two hybrid. 
Generally this assay is performed in yeast cell, but it can also be carried out in other organism." 
[PMID:10967325, PMID:12634794, PMID:1946372]
related_synonym: "2-hybrid" []
related_synonym: "2H" []
related_synonym: "2h" []
related_synonym: "classical two hybrid" []
related_synonym: "Gal4 transcription regeneration" []
related_synonym: "two-hybrid" []
related_synonym: "yeast two hybrid" []
exact_synonym: "2 hybrid" []
is_a: MI:0232 ! transcriptional complementation assay
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Standard format to submit ppis

PSI-MI: HUPO Proteomics Standards Initiative: http://www.psidev.info/

Defines community standards for data representation in proteomics to 
facilitate data comparison, exchange and verification.

Ppi annotation



  
 VII International Course of Massive Data Analysis - 2011

Outline

✔ Protein-protein interactions
✔ ppis are important
✔ Resources
✔ Detection methods

✔ Interactome (networks)
✔ Description
✔ Graph theory

✔ Types of biological networks
✔ Functional profiling using ppi data

✔ Scenario
✔ In-house interactomes
✔ Tools @ Babelomics

✔ Snow
✔ NetworkMiner



  

Ppis  are defined by pairwise interactions that leads to a complete 
net of interactions, the interactome.

 X many =
ppi

ppi network

 VII International Course of Massive Data Analysis - 2011

The interactome

Nodes = proteins
Edges = interaction events

Undirected 
graph

set of proteins interacting

structured data



  

The interactome

The interactions are the 
real source of complexity of 
the cell.

20,935 protein 
coding genes

650,000 
predicted 
interactions

20,389 protein 
coding genes

240,000 
predicted 
interactions

So, ppi information can be the clue 
to explain your phenotype!
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The interactome and graph theory

Scale-free network instead of 
random network

They are defined by a 
connections degree, number of 
connections of a node, 
distribution that approximates to 
a power law

Being 2 < γ < 3

This indicates that the network has a low number of highly connected nodes.
There are a few proteins that connect the whole interactome.

 VII International Course of Massive Data Analysis - 2011



  

Graph theory – topological parameters

Degree (connectivity or connections): number of edges 
connected to a node. Nodes with high degree are called hubs.

 VII International Course of Massive Data Analysis - 2011



  

Graph theory – topological parameters

Betweenness: A measure of centrality of a node, it is defined 
by:

σst is total number of shortest paths in the graph.

σst(V) is the number of shortest paths that pass 
through node V

 VII International Course of Massive Data Analysis - 2011



  

Graph theory – topological parameters

Clustering coefficient (of a node): A measure of how 
interconnected the neighbours of that node are. 

Proportion of links between the nodes within its neighbourhood divided by the 
number of links that could possibly exist between them.

ei is the number of edges among the nodes connected to node 1
ni is the number of neighbours of node i

To differentiate between star-shaped nets and more interconnected nets.

 VII International Course of Massive Data Analysis - 2011



  

Graph theory – topological parameters

Shortest path: The path with less edges that connects two nodes.

Component: A group of nodes connected among them.

Bicomponent: A group of nodes connected to other group of nodes 
by only an edge. The edge that joins two bicomponents is called 
articulation point.

 VII International Course of Massive Data Analysis - 2011
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✔ Genetic networks
✔ Physical networks
✔ Functional networks
✔ Regulatory networks
✔ Co-expression networks
✔ Metabolic networks
✔ Protein signaling networks
✔ Ppi networks
✔ Protein complexes

Good news! All networks can be studied using similar approaches

Types of biological networks

 VII International Course of Massive Data Analysis - 2011
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✔ Gene selection: clustering, differential 
expression

✔ Gene sorting: differential expression

Functional profiling

✔ GO terms

✔ KEGG pathways

✔ Interpro motifs

✔ ...
✔ Text Mining bio-entities

✔ Expression in tissues profiles

Protein-protein interactions
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Functional profiling of genome scale 
experiments using ppi data

High-throughput experiment



  

Functional profiling of genome scale 
experiments using ppi data

set of active 
ppis

Explain our 
phenotype of 

interest

Transcriptome determines the real interactome.

Interactome: Complete collection of protein-protein interactions in the cell.

 VII International Course of Massive Data Analysis - 2011



  

Get 
differentially 
expressed 
genes

Two steps 
methods

(functional 
classes 

enrichment)‏

Threshold 
free 

methods
(gene set 

enrichment)‏

Background

List 1

A B

A B

p-value

p-value < 0.05

p-value < 0.05

Find interesting patterns of 
expression (clustering)‏

Functional profiling – Methods scenario

 VII International Course of Massive Data Analysis - 2011



  

Two steps 
methods

(functional 
classes 

enrichment)‏

Threshold 
free 

methods
(gene set 

enrichment)‏

Network-based tools @ Babelomics

http://babelomics.bioinfo.cipf.es/snow.html
http://beta.babelomics.bioinfo.cipf.es/snow.html
http://snow.bioinfo.cipf.es

http://networkminer.bioinfo.cipf.es/
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http://babelomics.bioinfo.cipf.es/snow.html
http://beta.babelomics.bioinfo.cipf.es/snow.html
http://snow.bioinfo.cipf.es/
http://networkminer.bioinfo.cipf.es/


  

Our interactomes

Genes have a one to many relationship with proteins. There is not a 
real interactome for genes but our users usually come with gene lists.

Mapping genes (many potential proteins) into a proteins interactome may 
give a fake disperse network.

Databases: IntAct, MINT, BioGrid

Two interactomes per species: All interactions, Curated (ppis annotated 
with two different techniques).

 VII International Course of Massive Data Analysis - 2011



  

How we evaluate the cooperative behaviour of a list of proteins/genes 
in terms of its ppi network parameters?

Two different approximations

✔ Role in the complete interactome.

✔ Cooperative behaviour (Minimal Connected Network)‏

To develop a methodology that may extract from lists of proteins/genes 
the ppi networks acting and evaluates whether they have importance in 
the cooperative behaviour of the list.

Goal

 VII International Course of Massive Data Analysis - 2011

Snow
Studying networks in the omic work



  

The list of proteins mapped into the complete interactome may provide 
clues about the importance of certain proteins.

Nodes very central (high betweenness)‏

Hubs: nodes with high degree

External proteins

 VII International Course of Massive Data Analysis - 2011

Role in the interactome



  

Results indicate whether the set of prots/genes are collectively ... 

Comparison of parameters distributions of the lists versus complete 
interactome distributions  applying a Kolmogorov-Smirnov test. 
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Role in the interactome

✔ In a central position in the interactome (betweenness).

✔ If they are highly connected (degree of connection).

✔ If they are in  a very connected area (cluster coefficient).

betweenness connections degree clustering coefficient

pval = 0.0058 pval = 0.0013 pval = 0.0055



  

Your genes might be part of a network that explain the phenotype.

Proteins external in the complete interactome 
but they reveal an interesting subnetwork.

It seems we have have found something about 
the cooperative behaviour of our list!!!

 VII International Course of Massive Data Analysis - 2011

Evaluating the cooperative behaviour



  

Minimal connected network (MCN)‏

✔ Find all shortest paths for all the pairs of nodes.

✔ Accept paths that connect two proteins in the list either directly or 

through a predetermined number of not-in-list proteins (0-3).

Nodes from list

Nodes not in list

MCN

Shortest paths

 VII International Course of Massive Data Analysis - 2011

Evaluating the cooperative behaviour



  

Random networks

2,000 
random 

lists

List
size MCN network 

parameters

take 
random 

node

keep degree, 
betweenness, 

clustering 
coefficient

keep number of 
components

Parameters to evaluate: degree, betweenness, clustering coefficient & 
number of components.

Comparison of parameters distributions of the network versus set of same 
size random distributions applying a Kolmogorov-Smirnov test. 

You can use lists up to 200 nodes (prots/genes) with interactomic data (the 
list can be bigger).

 VII International Course of Massive Data Analysis - 2011

Evaluating the MCN



  

Snow
Studying networks in the omic work

 VII International Course of Massive Data Analysis - 2011
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Evaluating the MCN

betweenness connections degree clustering coefficient

pval < 0.001 pval < 0.001 pval < 0.001



  

This tells us whether the complete list of proteins is ...

Finding statistically significance in the different parameters 
points to different possible topologies of the network.

High Connections degree
Low Clustering coefficient

hub

signaling cascade

High Betweenness
Low Connections

 VII International Course of Massive Data Analysis - 2011

Evaluating the MCN

✔ More/less connected than a network coming from a random list 

(connections)

✔ Shape of the network in terms of centrality and internal connectivity 

(betweenness, clustering coefficient)

✔ Compact/Disperse network (n. of components)



  

Snow - web
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Snow - web
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Snow - Results

betweenness connections degree clustering coefficient

pval = 0.0058 pval = 0.0013 pval = 0.0055

betweenness connections degree clustering coefficient

pval < 0.001 pval < 0.001 pval < 0.001

Role in the interactome

Evaluation of the MCN

Information about components



  

Snow – Network visualization
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Better with Google 
Chrome!!!



  

Snow – Editing your network

 VII International Course of Massive Data Analysis - 2011
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Snow – Editing your network



  

NetworkMiner

 VII International Course of Massive Data Analysis - 2011

Threshold free methods (gene set enrichment)‏

List size / n. components
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NetworkMiner - web
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NetworkMiner - web
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betweenness connections degree clustering coefficient

pval < 0.001 pval < 0.001 pval < 0.001

Evaluation of the MCN

NetworkMiner - Results

Information about components
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NetworkMiner - Results



  

Time for some exercises!!!

 VII International Course of Massive Data Analysis - 2011

Questions



  

Exercises

 VII International Course of Massive Data Analysis - 2011

Snow On-line examples

NetworkMiner On-line examples



  

Exercises
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http://bioinfo.cipf.es/babelomicstutorial/



  

Exercises

 VII International Course of Massive Data Analysis - 2011

Some old stuff ...



  

A case of study

 VII International Course of Massive Data Analysis - 2011

Exercises



  

A case of study

A list of 168 genes induced by over-expression of BRCA1 as described 
in Welcsh et al., 2002 which doesn't include BRCA1

The MCN has a large component (79 genes) where BRCA1 
(ENSG00000012048) is included

A classical enrichment analysis gave no significant over-representation 
of Gene Ontology terms or KEGG pathways in such component 
compared with the rest of the genome showing the multi-functionality 
of BRCA1

 VII International Course of Massive Data Analysis - 2011

Exercises



  

A case of study
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Exercises



  

A case of study
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 BRCA1 presents a high centrality measure (betweenness)‏

 BRCA1 interacts directly with genes such as:

 STAT1 (its activation by kinase JAK1, interaction shown in the results, 

mediate cytokine and growth-factor signal transduction pathways),

 HDAC1 (Histone deacetylase involved in the control of cell proliferation and 

differentiation), 

 UBE2D3 (Ubiquitin-conjugating enzyme E2D 3, responsible for the 

ubiquitination of the tumor-suppressor protein p53)‏

 CD2 (involved in induction of mitosis). 

 The most central genes are:

 GRB2 (ENSG00000177885), STAT1, HTATIP, BRCA1 (ENSG00000012048), 

CREB1, IQGAP1, ANXA2, CALM2 and EGFR (ENSG00000146648) 

 being  BRCA1 and EGFR two genes not included in the original list but 

introduced by calculating the MCN.

A case of study

 VII International Course of Massive Data Analysis - 2011

Exercises
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