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Outline

ÅFormulating the problem

ÅWhat are the references?

ÅOverrepresentation methods 

ÅGene set enrichment analysis

ÅGene set analysis generalization
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ΪώϛϛϋϗϋϔϝώφϒϣϔφϦ ϤϑϘϖϗϋϘϘώϦ

ÅSeveral 
experimental 
samples

ÅSeveral controls

ÅStatistical analysis 
gives sets of up-
and down-
regulated genes



Volcano & MA plots
ÅlogFC is actually log2 



ChIP-seqtoo

ÅAnalysis of ChIP-seqgives a set of (regulated) genes as well!

ÅHypergeometric methods 

ÅGREAT
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A wealth of choices



ΧϕωφϙϘϙψϕ ψϢχϕϗφ



GO = Gene ontology



GO = Gene ontology
ÅMostly from UniProt



Pathway annotation

ÅOrganism-specific

ÅThoroughly curated (wellṫ) 

ÅMuch more informative

ÅMuch less overlapping



Biocarta

Åhttp:// cgap.nci.nih.gov/Pathways/BioCarta_Pathways

ÅOutdated/retired

http://cgap.nci.nih.gov/Pathways/BioCarta_Pathways


KEGG
ÅHeavy on metabolism; commercial since 2008



Reactome
ÅCurated by EMBL

ÅSystem of pathway peer review

ÅMany apps 
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Pathway Browser
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ÅWhat are the references?

ÅOverrepresentation methods 
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ÅGene set analysis generalization
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Method classification

ÅReview from 2009 counted 68 Ṥenrichmentṥ tools

ÅAlgorithms split in three groups:

ÅSingular enrichment analysis (SEA)

ÅGene set enrichment analysis (GSEA)

ÅModular enrichment analysis (MEA)
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Method classification

ÅReview from 2009 counted 68 Ṥenrichmentṥ tools

ÅAlgorithms split in three groups:

ÅSingular enrichment analysis (SEA)

ÅGene set enrichment analysis (GSEA)

ÅModular enrichment analysis (MEA)

ÅMajor features:

ÅStatistical algorithm 

ÅUses all genes or only selected portion?

ÅUses weights or only presence/absence based? 
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Underlying statistics 

ÅUsed distributions: 

ÅHypergeometric distribution (Fisherṡs exact test) 

ÅBinomial distribution

ÅNon-parametric  (i.e. no distribution)
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DAVID

ÅDramatically 
overloaded 
with, eh, 
things. Many 
things. 



M1 macrophages vs DAVID


