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Where do I get the gene list? 
•  Comparative study 

Ø e.g., microarray experiments between two types of 
samples or two disease states (can also be from RT-PCA, 
proteomics, …) 

•  Clustering / classification of genes 
Ø e.g., co-expressed genes 

•  Homologue analysis 
Ø e.g., genes from BLAST 

•  Other sources 

 



What do I do with the gene list – 
enrichment (over-representation) 
analysis? 

•  Find commonality among the gene 
Ø Common molecular functions (GO) 
Ø Common biological processes (GO)     
Ø Common cellular components (GO) 
Ø Common pathways 
Ø  Interact with common genes 
Ø Common sequences / molecular structures 
Ø Regulated by common Transcription Factors 
Ø Targeted by common microRNAs 
Ø  Involved in the same disease 
Ø … 

•  Generate new hypothesis based on the commonality 

Gene 
Ontology 







Gene Ontology 
•  Controlled vocabulary 
•  Defined relationship between terms (e.g., “part of”, “is a”, 

“regulates”) 
•  A “DAG”, not a “tree” – directed acyclic graph 

http://www.biomedcentral.com/content/supplementary/1471-2164-9-96-s6.jpeg 





Gene Ontology 
•  Annotation for genes 
•  Manually curated 
•  Electronic annotation 
•  ND – known unknowns (

https://www.youtube.com/watch?v=GiPe1OiKQuk)  



How do I find commonality from my gene 
list? 

•  Using a priori knowledge (e.g., gene ontology, pathway, 
annotation, etc.) 

•  Chi-square, Fisher’s exact test, hypergeometric test, Bayesian-
based methods, etc. 

How significant 
is the 

intersection? 



Fisher exact test 
•  Related to Chi-square test 
•  Hypergeometric distribution 
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Contingency table 

Probability of k successes (or red) in m draws without replacement, 
from a population of size N containing a total of n successes (or 
red). 



Hypergeometric test 

(𝒏¦𝒌 )× (𝑵−𝒏¦𝒎−𝒌 ) 
P(X=k) = 

Sum of all p(k, n, N, m) for more extreme k’s for overrepresentation 

(𝑵¦𝒎 )  

(𝒏¦𝒌 )× (𝑵−𝒏¦𝒎−𝒌 ) 
P(X ≥k) = 

(𝑵¦𝒎 )  
∑𝑋=𝑘↑𝑛▒  

Are there any GO terms that have a larger than expected subset of 
our selected genes in their annotation list?  

In GO (Green) vs. not in GO (No green) 
Selected (Red) vs. not selected (Not red) 

Is the GO term (i.e. pathway) 
significantly enriched?  



Gene set enrichment analysis (GSEA) 
•  Available at Broad Institute (http://www.broadinstitute.org/gsea/index.jsp) 

•  Biological functions/pathways in common between gene sets 

•  To determine whether members of a gene set S tend to occur toward the 
top (or bottom) of the list L, in which case the gene set is correlated with 
the phenotypic class distinction 

•  Need ranking (e.g., based on p-value or fold change) 

•  Enrichment score: Kolmogorov-Smirnov/ranking statistics 
      Reflecting the degree to which a set S is overrepresented  

        at the extremes (top or bottom) of the entire ranked list L 

•  Permutation test for p-value 

•  Permute labels 

•  Permute values 

http://www.ncbi.nlm.nih.gov/pmc/articles/
PMC1239896/pdf/pnas-0506580102.pdf 
Subramanian A et al. PNAS 2005;102:15545-15550 



What softwares are available? 
•  DAVID (http://david.abcc.ncifcrf.gov/) 
•  TOPPGene 
•  Cytoscape 

•  GOTerm 
•  BiNGO 

•  GSEA 
•  GenMapp (Free) 
•  Pathway Studio (Commercial) 
•  MetaCore (Commercial) 
•  Ingenuity Pathway Analysis (Commercial) 

•  Manually curated 
•  On-demand computation 



Genes Functions, pathways and networks 



Demo 
•  DAVID (http://david.abcc.ncifcrf.gov/) 
•  TOPPGene (https://toppgene.cchmc.org/) 
•  Ingenuity Pathway Analysis (http://www.ingenuity.com) 

Gene List1: AURKA BIRC5 ASPM  BUB1  CCNA2  CCNB2  CDC2
 ACOT7  CDC20  CDC45L CDCA8  CENPE  CENPF  CEP55  CKS2
 CHEK1  DKFZp762E1312  DLG7  DNA2L  E2F8  EPR1
 FANCI  HMMR  KIF4A  LMNB1  MAD2L1 MELK
 NCAPG  RANBP1RRM2  SPAG5  STIL  TACC3  TPX2
 TRIP13  TTK  UBE2C  UBE2S 

Gene List2: ABCF1 ABHD16A AK2 AK3 BAG6 BAIAP2 C6orf136 C6orf15 
CCHCR1 DOM3Z DONSON EGLN3 EHMT2 ELOVL5 FBXO9 
FBXW11 GTF2H4 LOC154761 MDC1 MOCOS MRPS10 MRPS18B 
MRPS18C NFYA PPP1R11 RDBP RNF5 RPL7L1 RPS10-NUDT3///
NUDT3 SLC39A4///SLC39A7 SLC52A2 TOMM6///PRICKLE4 
TOMM70A TRIM27 UBR2 VARS ZNF239 ZNF451 ZNRD1 ZNRF1 

  



ID Mapping/Conversion 
•  Very challenging (and annoying) 
•  DAVID (http://david.abcc.ncifcrf.gov/) 



http://www.genome.jp/kegg/pathway.html 





Ingenuity Pathway Analysis (IPA) 

http://www.ingenuity.com/ 





Pathway – What’s out there? 
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