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EXPLORATIVE APPROACH

PRE-DEFINIED in combination with EXPLORATIVE

PRE-DEFINIED as pipelines (usually) exist
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Choice of tools and software’s depends on:
– Biological question
– Number of groups/timepoints
– Number of Differentially Expressed Genes
– …

Approaches:
• Hypothesis-free*:

– * As free as can be after design of experiment (biologically)
– Explore PATTERNS within the data with no prior knowledge!

• Hypothesis-driven:
– Prior Knowledge to your data! 

• Interesting pathways
• Diseases

As it is Explorative bioinformatics….
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Remember the Picture!
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• Combination between Your Biological knowledge and 
Bioinformatics (statistics,  pattern search etc)

• DEPENDS on the Biological question and prior biological 
knowledge

• NOT talking about fixed pipelines! – they do not (really) exist

Explorative bioinformatics
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• Hypothesis-free* (covered in this session):
– * As free as can be after design of experiment (biologically)

– Explore PATTERNS within the data with no prior knowledge!

• Hypothesis-driven (not covered in this session):
– Prior Knowledge to your data! 

• Interesting pathways
• Diseases

How to start… 
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• Gene Set Erichment Analysis (GSEA)
– Cytoscape with different apps e.g. BiNGO, ClueGO etc
– GenePattern (Broad Institute)

• Pathway analysis
– Ingenutiy Pathway Analysis (IPA) – commercial
– Pathifier – free ware
– Paradigm – free ware

• Functional Enrichment
– FunCoup – good for a limited gene list

• A mixture of all above (and more) gives a fuller and more 
comprehensive view of the biological picture

Tools, Softwares, Databases…

Transcriptomics
Epigenomics

Proteomics
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Example 1 – Large list of DEGs ~1000-2000
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Hypothesis-free

• Cytoscape (BiNGO app) 
• Ingenuity Pathway Analysis
• …



~2000 Differentially Expressed Genes
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Cytoscape (BiNGO app) – Overrepresented GO BP
Overrepresented
GO Biological Process
• List of ~2000 genes
• Adj. p<0.05

Overrepresented
GO Biological Process
• List of ~2000 genes
• Adj. p<0.01

Overrepresented
GO Biological Process
• List of ~2000 genes
• Adj. p<0.0001
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STRUCTURING the list -> explorative patterns

Metabolism Cell organisation 
and migration

Cell differentiation

Cell Signaling
Hormone/Steriod

Cell Development
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Cytoscape (BiNGO app) – Underrepresented GO BP

Underrepresented
GO Biological Process
• List of ~2000 genes
• Adj. p<0.05
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STRUCTURING the list -> explorative patterns

Cell signalling
Neurological

Cell signalling
G-protein coupled receptor
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Further explorative…
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Metabolism Cell organisation 
and migration

Cell differentiation

Cell Signaling
Hormone/Steriod

Cell Development

Pathway tool

Zooming in further
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• Canonical pathway – overrepresented
• Upstream regulators – common upstream Transcriptional regulator 

having impact on overrepresented genes in DEGs list
• … And much more 

• www.ingenuity.com

Ingenuity Pathway Analysis (commercial)
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Canonical pathways – two examples
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Upstream Transcriptional regulators
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Mechanistic network – from upstream regulators
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• add depth and nuances to your list of DEGs
• find biological sub-groups within your data – sorting the long lists

Explorative bioinformatics leads to…

Transcriptomics
Epigenomics

Proteomics
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Questions?
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• GenePattern: 
http://software.broadinstitute.org/cancer/software/genepattern#

• FunCoup: http://funcoup.sbc.su.se/search/
• Cytoscape: http://www.cytoscape.org/
• Paradigm: http://sbenz.github.io/Paradigm/
• Pathifier: 

http://www.weizmann.ac.il/complex/compphys/software/yotam/pathifie
r/

• Ingenuity Pathway Analysis (IPA-commersial software): 
www.ingenuity.com

• … there is A LOT more – Which to use depends on your 
biological question! 

List of tools, software and databases
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