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Introduction
● Biological processes driven by interacting molecules

● Functional interactions:
― protein-protein interactions
― biochemical reactions
― gene regulatory interactions
― …

● Different methods for interaction detection generate 
interaction knowledge → interaction databases
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Introduction
● Current interaction knowledge: ~10% of real human 

interactions* interspersed in over 200 databases

● Main problems with interaction database compatibility:
― focus: biochemical reactions or PPI or gene regulation or ...
― incomplete overlap between similar databases
― different data format and information detail

● Conclusion: interaction databases cannot represent 
biological truth completely and in a standard way.

* Hart et al. 2006, Genome Biol. 7: 120
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Introduction
● Biological processes contain biochemical reactions and 

PPI and gene regulation and …

● Interaction-based research: use several databases

● ConsensusPathDB integrates:
– protein interactions
– metabolic reactions
– signaling reactions
– gene regulatory interactions

➔ heterogeneous interaction network in 
ConsensusPathDB is closer to biological reality
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ConsensusPathDB - content

• Integrated interaction data sources:
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ConsensusPathDB - content

• To avoid redundancy and assess the overlap of 
databases:  mapping algorithms:

– physical entities: compare identifiers → merge
– interactions: compare relevant participants → similar
– pathways not mapped: unclear boundaries

● Example:
135851 interactions before integration

  76167 interactions after integration
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ConsensusPathDB - content

• Mapping results: source databases are complementary
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Protein-protein interaction networks

• Many studies focus on PPI network topology to deduce 
biological knowledge (e.g. connectivity ↔ essentiality)

• How representative are DBs for the real PPI network?
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Protein-protein interaction networks

• Many studies focus on PPI network topology to deduce 
biological knowledge (e.g. connectivity ↔ essentiality)

• How representative are DBs for the real PPI network?

IntAct DIP MINT HPRD BioGRID SPIKE Integrated
Physical entities 3,799 936 5,756 9,392 8,026 6,751 13,993

Binary interactions 51,626 1,139 13,509 40,716 23,734 21,880 132,735

Average connectivity 27.2 2.4 4.7 8.7 5.9 6.5 19.0

Average clustering coefficient 0.53 0.18 0.13 0.21 0.15 0.11 0.31

Average path length 4.2 6.0 4.6 4.2 4.7 4.2 3.9

Diameter (average minimum distance
between pairs of proteins)

16 16 13 14 14 11 12

Most frequent path length 4 (32.7%) 5 (18.3%) 4 (35.3%) 4 (44.3%) 5 (34.5%) 4 (44.7%) 4 (46.3%)

Table generated with version 7 of ConsensusPathDB
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Protein-protein interaction networks

• Current separate PPI database contents are rarely 
representative of the real PPI network

• de Silva et al., 2006:
   “Present protein interaction network data sets include only interactions among 

subsets of the proteins in an organism. Previously this has been ignored, but in 
principle any global network analysis that only looks at partial data may be 
biased.”

• Data integration is a way towards meaningful network 
analyses
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ConsensusPathDB – public access

• ConsensusPathDB freely accessible through

http://cpdb.molgen.mpg.de

• Web services access available shortly
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ConsensusPathDB – visualization

• Interaction network visualization
– Bipartite network
– Interaction sources encoded in edge colors
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ConsensusPathDB – ORA

• Over-representation analysis: which predefined gene sets 
are statistically over-represented in an input gene list

• Predefined sets: pathways, GO categories, positional sets …

• Input list: e.g. diff. expressed genes in cancer patients

• Method: P-value (e.g. hypergeometric test) for each predef. 
set reflects the significance of overlap between predef. set 
and input list, given a background “world”

➔ points e.g. to dysregulated pathways, genomic 
aberrations, ...
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ConsensusPathDB – ORA

• ConsensusPathDB web interface offers ORA with:
– pathway-based entity sets (PESTs)
– neighborhood-based entity sets (NESTs)

• NESTs: subnetworks of overall 
     FIN, defined with:

– center
– radius
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ConsensusPathDB – ORA

• NESTs go beyond single-database boundaries

• NESTs go beyond pathway boundaries
➔ may represent crosstalks between pathways
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Summary and Outlook

• Data integration is important to get the full picture of 
cellular processes

• Network analysis based on single interaction resources 
may give misleading results

• ORA with NESTs may prove a useful approach, 
complementary to ORA with pathways

• Future plans:
– more species – data curation
– more resources – NESTs and disease
– more interaction types
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