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PART 1 (lecture) 
 
1.1 What is Pathway and Network analysis ? 
1.2 Brief description of a few databases  
1.3 How to manipulate gene identifiers 
1.4 Presentation of two enrichment analysis techniques: GSEA and 
DAVID 
 

COURSE OUTLINE 



PART 2 (hands-on training) 
 
2.1 use The Synergizer tool to convert gene-lists 
2.2 DAVID 
2.3 GSEA 
2.4 create Enrichment Maps 
2.5 open cytoscape and navigate through one map 

COURSE OUTLINE 



1.1	
  PATHWAY	
  ANALYSIS	
  

a cell 
hFp://eusebeia.dyndns.org/4d/rect120cell	
  

hFp://outreach.mcb.harvard.edu/anima2ons/biochem.swf	
  

signaling pathway 

?
  

?
  

metabolic pathway 

active  
or 
inactive 
? 

active  
or 
inactive
? 

hFp://proven2gen.com/bvitamins	
  



Pathway analysis is an alternative to 
traditional analysis 

•  gene by gene basis 

•  requires literature searching 

•  time-consuming 



To perform pathway and network 
analysis, you first need a gene list. 
 
	
  
 



Wild-­‐type	
  

mutant	
  

List	
  of	
  genes	
  that	
  are	
  
differen;ally	
  
expressed	
  between	
  
the	
  2	
  condi;ons	
  

RNA	
  

RNA	
  

How	
  many	
  
pathways	
  are	
  
dysregulated	
  
between	
  the	
  2	
  
condi;ons?	
  

Gene expression data (arrays, RNA seq) 

hFp://www.neuroscience.cam.ac.uk/directory/profile.php?
thomasvjohnson	
  



Enrichment analysis works with any gene lists. 



CHIP chip  + gene expression 
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gene 1 

gene 2 
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  1	
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  3	
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  which	
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  transcrip;on	
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ac;va;on)	
  



CNA CNV SNPs 

Pa2ent	
  
(au2sm)	
  

reference	
  

Do	
  these	
  genes	
  
belong	
  to	
  same	
  

func;onal	
  
pathways?	
  

SNPs	
  arrays,	
  
Deep	
  sequencing,	
  
arrayCGH,…	
  

Regions	
  of	
  the	
  genome	
  are	
  altered	
  when	
  comparing	
  the	
  pa2ent	
  with	
  the	
  
reference	
  

list	
  of	
  genes	
  that	
  
are	
  within	
  the	
  
altered	
  	
  regions	
  

Pathway	
  and	
  network	
  analysis	
  

DNA	
  obtained	
  
from	
  blood	
  or	
  
buccal	
  swabs	
  



CNA CNV SNPs 

pa2ent	
  (brain	
  cancer)	
   pa2ent	
  (normal	
  2ssue)	
  

Can	
  we	
  correlate	
  at	
  
the	
  pathway	
  level	
  	
  

the	
  ini;a;on	
  
events	
  (soma;c	
  

non	
  silent	
  
muta;ons)	
  and	
  the	
  

resul;ng	
  
phenotype	
  (gene	
  

expression)	
  

SNPs	
  arrays,	
  

List1:	
  Non	
  silent	
  soma2c	
  muta2ons	
  within	
  genes	
  

pa2ent	
  (brain	
  cancer)	
   pa2ent	
  (normal	
  2ssue)	
  

gene	
  expression	
  

List	
  2:	
  Genes	
  differen2ally	
  expressed	
  	
  
in	
  cancer	
  versus	
  normal	
  

Pathway	
  and	
  network	
  analysis	
  



etc…. 



Some examples 



interferon 
signaling 

aurora B 
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deaminase 
activity 
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migration 
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platelet 
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proteolysis 
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Merico	
  et	
  al.	
  PLoS	
  One,	
  2010	
  



Microtubule

Cytoskeleton

Cell Projection 

& Cell Motility

Cell Proliferation

Glycosylation
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Regulation of GTPase

Kinase Activity/Regulation

CNS Development

Intellectual

Disability
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regulation 
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MHC-I

Zoom of CNS-Development

ID ID

ASDASD

Both

0%
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FDR

Known 
disease genes

Enriched only
in disease genes
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Edge type (gene-set overlap)

From disease genes
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enriched in deletions
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genes or between disease
sets only

Pinto	
  et	
  al.	
  Func2onal	
  impact	
  of	
  global	
  rare	
  copy	
  number	
  varia2on	
  in	
  au2sm	
  
spectrum	
  disorders.	
  Nature.	
  2010	
  Jun	
  9.	
  



proteomics	
  

Isserlin	
  et	
  al.	
  ,	
  Proteomics	
  2010	
  

understanding	
  of	
  the	
  
progressive	
  altera2ons	
  
associated	
  with	
  func2onal	
  
decline	
  in	
  dilated	
  
cardiomyopathy	
  (in	
  mice)	
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Comparison of the gene list with 
databases containing annotated 

pathways 



Gene	
  Ontology	
  

KEGG	
  

MSigDB-­‐c2	
  

NCI	
  

BIOCARTA	
  

REACTOME	
  

HumanCyc	
  

Netpath	
  

DATABASES	
  containing	
  annotated	
  pathways	
  



Gene	
  Ontology	
  (GO)	
  	
  

•  hFp://www.geneontology.org	
  
•  Largest	
  database	
  	
  
•  41.007	
  gene	
  products	
  (proteins)	
  annotated	
  for	
  
human	
  

•  Updated	
  every	
  3	
  months	
  
•  Organism	
  independent	
  ?	
  
•  Covers	
  many	
  model	
  organisms	
  (Homo	
  Sapiens,	
  
Mus	
  musculus,	
  Danio	
  Rerio…)	
  

	
  



•  	
  Genes	
  are	
  linked,	
  or	
  associated,	
  with	
  GO	
  terms	
  by	
  trained	
  
curators	
  

In	
   this	
  study,	
  we	
  report	
   the	
   isola2on	
  and	
  molecular	
  characteriza2on	
  of	
  
the	
  B.	
  napus	
  PERK1	
  cDNA,	
  that	
  is	
  predicted	
  to	
  encode	
  a	
  novel	
  receptor-­‐
like	
   kinase.	
   	
   We	
   have	
   shown	
   that	
   like	
   other	
   plant	
   RLKs,	
   the	
   kinase	
  
domain	
   of	
   PERK1	
   has	
   serine/threonine	
   kinase	
   ac2vity,	
   In	
   addi2on,	
   the	
  
loca2on	
   of	
   a	
   PERK1-­‐GTP	
   fusion	
   protein	
   to	
   the	
   plasma	
   membrane	
  
supports	
   the	
   predic2on	
   that	
   PERK1	
   is	
   an	
   integral	
  membrane	
   protein…
these	
  kinases	
  have	
  been	
  implicated	
  in	
  early	
  stages	
  of	
  wound	
  response…	
  

•  Some	
  GO	
  annota2ons	
  created	
  automa2cally	
  
	
  



•  	
  Genes	
  are	
  linked,	
  or	
  associated,	
  with	
  GO	
  terms	
  by	
  trained	
  
curators	
  

In	
   this	
  study,	
  we	
  report	
   the	
   isola2on	
  and	
  molecular	
  characteriza2on	
  of	
  
the	
  B.	
  napus	
  PERK1	
  cDNA,	
  that	
  is	
  predicted	
  to	
  encode	
  a	
  novel	
  receptor-­‐
like	
   kinase.	
   	
   We	
   have	
   shown	
   that	
   like	
   other	
   plant	
   RLKs,	
   the	
   kinase	
  
domain	
   of	
   PERK1	
   has	
   serine/threonine	
   kinase	
   ac2vity,	
   In	
   addi2on,	
   the	
  
loca2on	
   of	
   a	
   PERK1-­‐GTP	
   fusion	
   protein	
   to	
   the	
   plasma	
   membrane	
  
supports	
   the	
   predic2on	
   that	
   PERK1	
   is	
   an	
   integral	
  membrane	
   protein…
these	
  kinases	
  have	
  been	
  implicated	
  in	
  early	
  stages	
  of	
  wound	
  response…	
  

•  Some	
  GO	
  annota2ons	
  created	
  automa2cally	
  
	
   Molecular	
  func2on	
  

Molecular	
  component	
  

Biological	
  process	
  



IC:	
  inferred	
  by	
  curator	
  
IDA:	
  Inferred	
  from	
  direct	
  assay	
  
TAS:	
  	
  Traceable	
  Author	
  Statement	
  
IEA:	
  Inferred	
  by	
  electronic	
  annota2ons	
  

GO	
  Evidence	
  Codes:	
  	
  informa2on	
  about	
  how	
  the	
  annota2on	
  was	
  created	
  

Note:	
  Evidence	
  codes	
  cannot	
  be	
  used	
  as	
  a	
  measure	
  of	
  the	
  quality	
  
of	
  the	
  annota2on.	
  

alpha-­‐1,6-­‐mannosyltransferase	
  ac;vity	
  



	
  
GO	
  covers	
  3	
  domains:	
  
•  cellular	
  component:	
  the	
  parts	
  of	
  a	
  cell	
  or	
  its	
  
extracellular	
  environment;	
  

•  molecular	
  func;on:	
  the	
  elemental	
  ac2vi2es	
  of	
  a	
  
gene	
  product	
  at	
  the	
  molecular	
  level,	
  such	
  as	
  
binding	
  or	
  catalysis;	
  

•  biological	
  process:	
  opera2ons	
  or	
  sets	
  of	
  
molecular	
  events	
  with	
  a	
  defined	
  beginning	
  and	
  
end,	
  per2nent	
  to	
  the	
  func2oning	
  of	
  integrated	
  
living	
  units:	
  cells,	
  2ssues,	
  organs,	
  and	
  
organisms.	
  

	
  



Clark et al., 2005	



part_of 

is_a 

hFp://www.ncbi.nlm.nih.gov/pubmed/16010001	
  



Hu et al. Nature Reviews Cancer 7, 23–34 (January 2007) | doi:10.1038 / nrc2036 

BiNGO	
  



KEGG:	
  Kyoto	
  Encyclopedia	
  of	
  Genes	
  and	
  Genomes	
  

•  Pathway	
  maps	
  for	
  metabolism	
  and	
  other	
  cellular	
  processes,	
  as	
  well	
  as	
  human	
  diseases;	
  
manually	
  created	
  from	
  published	
  materials	
  

•  413	
  pathways	
  
•  Homo	
  sapiens	
  and	
  Mus	
  musculus	
  model	
  organism	
  (Mus	
  musculus	
  inferred	
  from	
  Homo	
  

sapiens).	
  
	
  	
  

Cellular	
  Process	
  

Cell	
  Growth	
  and	
  Death	
  

P53	
  signaling	
  pathway	
  

Metabolism	
  

Metabolism	
  of	
  cofactors	
  and	
  vitamins	
  

Re2nol	
  metabolism	
  

Example	
  of	
  2	
  categories	
  of	
  pathway:	
  



KEGG prostate cancer pathway (42 genes) 



!!""# $%&'()*++,-./01%.&0*2,-.%.&03*&14-.,1567*)!8*%9:965/3*6.6;<=$1%03*() >?@# ;>?>@ ;>?>( >?A#")BC!CB >?"!@(#@CC >?""C((@BBX	
  

X	
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PINK:	
  disease	
  
BLUE:	
  drug	
  target	
  



	
  
	
  
•  open-­‐source	
  	
  
•  curated	
  pathway	
  database	
  
•  encompassing	
  many	
  areas	
  of	
  human	
  

biology.	
  	
  
•  Informa2on	
  is	
  authored	
  by	
  expert	
  biological	
  

researcher	
  
	
  
•  5.000	
  dis2nct	
  human	
  proteins	
  
•  model	
  organism:	
  human,	
  other	
  species	
  

inferred	
  from	
  human	
  data	
  

•  Cytoscape	
  plugin	
  available	
  

Reactome	
  



•  curated	
  resource	
  of	
  signal	
  transduc2on	
  pathways	
  in	
  humans.	
  
•  	
  At	
  this	
  2me,	
  10	
  immune	
  and	
  10	
  cancer	
  signaling	
  pathways	
  are	
  

available.	
  	
  
•  diagram	
  available	
  

Netpath	
  



Biocarta	
  pathways	
  

Descrip;on:	
  BRCA1	
  is	
  a	
  breast	
  and	
  ovarian	
  cancer	
  tumor	
  suppressor	
  protein	
  
that	
  associates	
  with	
  BARD1	
  to	
  form	
  a	
  RING/RING	
  heterodimer.	
  The	
  BRCA1/
BARD1	
  RING	
  complex	
  func2ons	
  as	
  an	
  ubiqui2n	
  (Ub)	
  ligase	
  with	
  ac2vity	
  
substan2ally	
  greater	
  than	
  individual	
  BRCA1	
  or	
  BARD1	
  subunits.	
  The	
  BRCA1	
  
tumor	
  suppressor	
  forms	
  a	
  heterodimer	
  with	
  the	
  BARD1	
  protein,	
  and	
  the	
  
resul2ng	
  complex	
  func2ons	
  as	
  an	
  E3	
  ubiqui2n	
  ligase	
  that	
  catalyzes	
  the	
  
synthesis	
  of	
  polyubiqui2n	
  chains.	
  UbcH5c	
  and	
  UbcH7	
  also	
  interact	
  with	
  the	
  
BRCA1/BARD1	
  complex	
  with	
  similar	
  affinity	
  (not	
  shown	
  on	
  this	
  figure).	
  
Although	
  the	
  in	
  vivo	
  substrate(s)	
  is	
  not	
  yet	
  known,	
  BRCA1	
  has	
  been	
  observed	
  
to	
  undergo	
  autoubiqui2na2on	
  and	
  is	
  capable	
  of	
  monoubiqui2na2ng	
  histones	
  
2A	
  and	
  2AX	
  in	
  vitro	
  

•  company	
  which	
  develops	
  
reagents	
  and	
  assays	
  for	
  
biopharmaceu2cal	
  research	
  

	
  
•  expert-­‐curated	
  interac2ve	
  

graphic	
  models	
  of	
  many	
  	
  
pathways	
  from	
  diverse	
  fields	
  
like	
  apoptosis,	
  cell	
  cycle,	
  cell	
  
signalling,	
  development,	
  
immunology,	
  neuroscience,	
  
adhesion,	
  and	
  metabolism.	
  

•  organisms:	
  	
  Homo	
  sapiens	
  and	
  
Mus	
  musculus	
  



Gene-sets 



DATABASES	
  containing	
  annotated	
  pathways	
  

11-­‐12-­‐09	
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Gene	
  Ontology	
  

KEGG	
  

MSigDB-­‐c2	
  

NCI	
   BIOCARTA	
  

REACTOME	
  

a	
  gene-­‐set	
  :	
  group	
  of	
  genes	
  with	
  “similar	
  func2on	
  or	
  
annota2on”	
  

Response	
  to	
  wounding	
  (400	
  genes)	
  

Interferon	
  gamma	
  signaling	
  (50	
  
genes)	
  

HumanCyc	
  

Netpath	
  



GF 

GFR 
SRDSA2 

PI3K 

KEGG prostate cancer pathway (42 genes) 

KEGG prostate cancer gene-set  
(42 genes) 

Grb2 

SOS 

Ras 

Raf 

MEK 
ERK 

HSP 

Casp9 
BAD 

FKHR 

p21 
p27 

MDM2 

GSK3 

IKK 

mTOR 

p27 CDk2 

CyclinE 

Rb 

E2F 

Bcl2 

CBP 

CREB 



KEGG|hsa05215 	
  Prostate	
  cancer	
  
	
  AKT1 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  AKT2 	
   	
  AKT3 	
   	
  AR 	
   	
  ARAF 	
   	
  ATF4 	
   	
  BAD 	
   	
  BCL2 	
  BRAF
	
  CASP9 	
  CCND1 	
  CCNE1 	
  CCNE2 	
  CDK2 	
   	
  CDKN1A 	
  CDKN1B 	
  CHUK	
  CREB1
	
  CREB3 	
  CREB3L1 	
  CREB3L2 	
  CREB3L3 	
  CREB3L4 	
  CREB5 	
  CREBBP 	
  CTNNB1 	
  E2F1 	
  
	
  E2F2 	
   	
  E2F3 	
   	
  EGF 	
   	
  EGFR 	
   	
  EP300	
  ERBB2 	
   	
  FGFR1 	
  FGFR2 	
  FOXO1
	
  GRB2 	
   	
  GSK3B 	
  GSTP1 	
  HRAS 	
   	
  HSP90AA1 	
   	
   	
  HSP90AB1 	
  HSP90B1 	
  IGF1 	
  
	
  IGF1R	
   	
  IKBKB	
   	
  IKBKG	
  INS 	
  INSRR	
   	
  KLK3 	
   	
  KRAS 	
   	
  LEF1 	
   	
  MAP2K1
	
  MAP2K2 	
  MAPK1 	
  MAPK3 	
  MDM2 	
  MTOR	
   	
  NFKB1 	
  NFKBIA 	
  NKX3-­‐1 	
  NRAS 	
  
	
  PDGFA 	
  PDGFB 	
  PDGFC 	
  PDGFD 	
  PDGFRA 	
  PDGFRB 	
  PDPK1 	
  PIK3CA 	
  PIK3CB
	
  PIK3CD 	
  PIK3CG 	
  PIK3R1 	
  PIK3R2 	
  PIK3R3 	
  PIK3R5 	
  PTEN 	
   	
  RAF1 	
   	
  RB1 	
  
	
  RELA 	
   	
  SOS1 	
   	
  SOS2 	
   	
  SRD5A2 	
  TCF7 	
   	
  TCF7L1 	
  TCF7L2 	
  TGFA 	
   	
  TP53 	
  
	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  	
  

gene-­‐set	
  iden2fier	
   gene-­‐set	
  name	
  



GO|GO:0001972 	
  re;noic	
  acid	
  binding 	
  UGT1A7
	
  UGT1A1 	
  UGT1A4 	
  CYP26B1 	
  CYP26A1
	
  UGT1A6 	
  CYP26C1 	
  UGT2B4 	
  UGT1A3
	
  UGT1A8 	
  UGT1A9 	
  UGT1A10 	
  NR2F2
	
  UGT2B17 	
  UGT2B7 	
  UGT2B15 	
  RARA	
  

REACTOME|REACT_13552.1 	
  Integrin	
  cell	
  surface	
  interac;ons 	
  ITGA1	
   	
  ITGB5	
   	
  BCAR1
	
  LAMA5 	
  ITGA8	
   	
  LAMA2 	
  ITGA6	
   	
  ITGA5	
   	
  ITGA7	
   	
  PTPN1 	
  COL1A2
	
  ITGA2	
   	
  RAP1B 	
  RAP1A 	
  ITGA9	
   	
  BSG 	
   	
  ITGB1	
   	
  SYK 	
  ITGAV	
  
	
  COL4A4 	
  ITGA2B 	
  SPP1 	
  FGB 	
  FN1 	
   	
  COL4A1 	
  COL4A2 	
  COL4A3 	
  CDH1	
  
	
  COL4A5 	
  PDPK1 	
  COL2A1 	
  COL1A1 	
  SHC1 	
   	
  THBS1 	
  CSK 	
  PTK2 	
  VWF 	
  FGA
	
  FGG 	
   	
  ITGB3	
   	
  TLN1 	
   	
  APBB1IP 	
  JAM3	
   	
  AKT1 	
   	
  IBSP 	
  ITGAL	
   	
  TNC
	
  ICAM2 	
  ICAM3 	
  LAMC3 	
  JAM2	
   	
  LAMC1 	
  C17ORF72 	
  LAMB1 	
  ICAM1
	
  F11R 	
   	
  ITGA3	
   	
  FBN1 	
   	
  RASGRP1 	
  C17ORF57 	
  ITGA4	
   	
  ITGB8	
   	
  LAMA1
	
  ITGAX	
   	
  AMICA1 	
  ITGB6	
   	
  ITGAM 	
  ITGB2	
   	
  LAMB2 	
  VCAM1 	
  ITGA11
	
  SOS1 	
   	
  ITGAE	
   	
  ITGA10 	
  ITGB4	
  	
  



How do enrichment analysis work? 
 (general concept) 



KEGG|hsa05215 	
  Prostate	
  cancer	
  
	
  AKT1 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  AKT2 	
   	
  AKT3 	
   	
  AR 	
   	
  ARAF 	
   	
  ATF4 	
   	
  BAD 	
   	
  BCL2 	
  BRAF
	
  CASP9 	
  CCND1 	
  CCNE1 	
  CCNE2 	
  CDK2 	
   	
  CDKN1A 	
  CDKN1B 	
  CHUK	
  CREB1
	
  CREB3 	
  CREB3L1 	
  CREB3L2 	
  CREB3L3 	
  CREB3L4 	
  CREB5 	
  CREBBP 	
  CTNNB1 	
  E2F1 	
  
	
  E2F2 	
   	
  E2F3 	
   	
  EGF 	
   	
  EGFR 	
   	
  EP300	
  ERBB2 	
   	
  FGFR1 	
  FGFR2 	
  FOXO1
	
  GRB2 	
   	
  GSK3B 	
  GSTP1 	
  HRAS 	
   	
  HSP90AA1 	
   	
   	
  HSP90AB1 	
  HSP90B1 	
  IGF1 	
  
	
  IGF1R	
   	
  IKBKB	
   	
  IKBKG	
  INS 	
  INSRR	
   	
  KLK3 	
   	
  KRAS 	
   	
  LEF1 	
   	
  MAP2K1
	
  MAP2K2 	
  MAPK1 	
  MAPK3 	
  MDM2 	
  MTOR	
   	
  NFKB1 	
  NFKBIA 	
  NKX3-­‐1 	
  NRAS 	
  
	
  PDGFA 	
  PDGFB 	
  PDGFC 	
  PDGFD 	
  PDGFRA 	
  PDGFRB 	
  PDPK1 	
  PIK3CA 	
  PIK3CB
	
  PIK3CD 	
  PIK3CG 	
  PIK3R1 	
  PIK3R2 	
  PIK3R3 	
  PIK3R5 	
  PTEN 	
   	
  RAF1 	
   	
  RB1 	
  
	
  RELA 	
   	
  SOS1 	
   	
  SOS2 	
   	
  SRD5A2 	
  TCF7 	
   	
  TCF7L1 	
  TCF7L2 	
  TGFA 	
   	
  TP53 	
  
	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  	
  

	
  gene	
  list	
  
	
  AKT2	
   	
  AR 	
   	
  CASP9 	
  CCND1 	
  CDK2 	
   	
  CREB3L4 	
  CTNNB1 	
  E2F3 	
   	
  EGFR 	
   	
  IGF1	
  
IKBKB	
   	
  KLK3 	
   	
  MAPK1 	
  PIK3CD 	
  PIK3CG 	
  PIK3R2 	
  PIK3R5 	
  TP53 	
   	
   	
   	
  

	
   	
   	
   	
   	
   	
   	
  	
  

Enriched	
  in	
  the	
  Kegg	
  
prostate	
  cancer	
  gene-­‐
set?	
  

Enrichment	
  tests	
  analyze	
  the	
  overlaps	
  between	
  our	
  gene	
  list	
  and	
  the	
  genes	
  in	
  
each	
  gene-­‐set	
  that	
  are	
  contained	
  in	
  our	
  pathway	
  database.	
  

enriched	
  more	
  by	
  chance?	
  



The output of an enrichment test 
is a p-value that estimates if the 
association between a gene-set 
and our gene list is random or not 
= 
 whether it exists a larger number 
of overlapping genes between our 
gene list and a gene-set than 
expected by chance. 



Slide:	
  modified	
  from	
  Quaid	
  Morris,	
  CBW	
  bioinforma2cs	
  workshop,	
  Pathway	
  and	
  
Network	
  analysis,	
  Toronto,	
  July	
  2011	
  ,	
  hFp://bioinforma2cs.ca/workshops/2011/
course-­‐content	
  

Genes	
  from	
  all	
  gene-­‐sets	
  

(or	
  modified	
  
Fisher’s	
  exact	
  
test)	
  



Fisher’s	
  exact	
  test	
  	
  

The	
  null	
  distribu;on	
  (hypergeometric	
  
distribu;on)	
  

5	
  balls	
  are	
  selected	
  randomly	
  1000	
  2mes	
  	
  

1	
   2	
   3	
   4	
   5	
   6	
   7	
   8	
   … 1000	
  

45	
  red	
  balls	
  	
  
5	
  black	
  balls	
  	
  

What	
  is	
  the	
  probability	
  to	
  select	
  4	
  
black	
  balls	
  and	
  one	
  red?	
  



Fisher’s	
  exact	
  test	
  	
  

1	
  gene-­‐set	
  (prostate	
  cancer)	
  

k=	
  #	
  of	
  black	
  balls	
  selected	
  (4)	
  

q=	
  total	
  #	
  of	
  balls	
  selected	
  (5)	
  

m=	
  total	
  	
  #	
  of	
  black	
  ball	
  (5)	
  

t=	
  total	
  #	
  of	
  balls	
  (50)	
  

50	
  balls	
  

0.0001066662	
  

Cut-­‐off:	
  my	
  case	
  	
  =	
  
0.000106	
  
	
  
P-­‐value:	
  is	
  the	
  sum	
  of	
  
p-­‐value	
  less	
  than	
  or	
  
equal	
  to	
  cut-­‐off	
  

	
  Ho:	
  the	
  selec2on	
  
of	
  4	
  black	
  balls	
  
and	
  1	
  red	
  ball	
  is	
  
random	
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00
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4.
7.
	
  1
0-­‐
7	
  



Fisher’s	
  exact	
  test	
  	
  

The	
  null	
  distribu;on	
  

1	
  gene-­‐set	
  (apoptosis)	
  

all	
  genes	
  in	
  the	
  
gene-­‐set	
  and	
  in	
  
our	
  microarray	
  

=	
  gene	
  list	
  enriched	
  in	
  the	
  apoptosis	
  
gene-­‐set)	
  



1.  The overlap of our gene list is going to be tested with each 
gene-set present in the pathway database (>3.000 gene-
sets) 

2.  The gene-sets are going to be ranked by the enrichment p-
value to find out the most significant gene-sets 

3.  The enrichment p-values need to be corrected for multiple 
hypothesis testing (FDR, Benjamini-Hochberg for example) 

Different	
  steps	
  of	
  the	
  enrichment	
  analysis:	
  



DAVID 
 

(the database for annotation, visualization and integrated discovery)  

http://david.abcc.ncifcrf.gov/ 



DAVID 

•  Free,	
  On-­‐line	
  
•  Gene-­‐sets	
  from	
  diverse	
  databases	
  
•  Use	
  a	
  modified	
  Fisher’s	
  exact	
  test	
  to	
  compute	
  the	
  enrichment	
  p-­‐

values	
  (called	
  the	
  Ease	
  score)	
  
•  The	
  user	
  needs	
  to	
  enter	
  a	
  list	
  of	
  selected	
  genes:	
  
Typically	
  100	
  –	
  2.000	
  genes	
  
The	
  list	
  should	
  ideally	
  contain	
  the	
  major	
  important	
  genes	
  (=the	
  most	
  
differen2ally	
  expressed	
  and	
  the	
  most	
  reliable)	
  
A	
  larger	
  gene	
  list	
  can	
  have	
  higher	
  sta2s2cal	
  power	
  than	
  a	
  smaller	
  one	
  
and	
  the	
  sensi2ty	
  is	
  increased	
  toward	
  more	
  specific	
  terms.	
  
•  Different	
  gene	
  iden2fiers	
  can	
  be	
  used	
  as	
  DAVID	
  input	
  (Entrez	
  Gene	
  

iD,	
  official	
  gene	
  names,	
  	
  Affy	
  or	
  Illumina	
  probe	
  IDs,…)	
  
	
  	
  



DAVID 

Modified	
  Fisher’s	
  exact	
  test	
  

hFp://david.abcc.ncifcrf.gov/content.jsp?file=func2onal_annota2on.html#fisher	
  

k=	
  #	
  of	
  black	
  balls	
  selected	
  (4)	
  

q=	
  total	
  #	
  of	
  balls	
  selected	
  (5)	
  

m=	
  total	
  	
  #	
  of	
  black	
  ball	
  (5)	
  

t=	
  total	
  #	
  of	
  balls	
  (50)	
  

k-­‐1:	
  modified	
  test	
  (	
  to	
  be	
  more	
  conserva2ve)	
  



1.	
  Start	
  the	
  analysis	
  







DAVID	
  

Need	
  to	
  add	
  a	
  background	
  correc;on	
  to	
  
calculate	
  the	
  enrichment	
  scores	
  

=	
  background	
  (all	
  genes	
  in	
  
the	
  pathway	
  database	
  and	
  
on	
  your	
  array)	
  

•  DAVID	
  has	
  an	
  automa2c	
  procedure	
  to	
  ‘guess’	
  the	
  background.	
  	
  
	
  
•  Most	
  of	
  the	
  studies	
  are	
  genome-­‐wide	
  or	
  close	
  to	
  genome-­‐wide	
  

studies.	
  	
  	
  

Whole	
  genome	
   Your	
  custom	
  chip	
  

Gene-­‐set	
  size	
   200	
   20	
  

Total	
  number	
  of	
  genes	
  
in	
  your	
  database	
  

23.000	
   10.000	
  



5	
  .Select	
  the	
  databases	
  



Pathway	
  database	
  

in	
  red:	
  default	
  	
  



6.Enrichment	
  analysis	
  



DAVID  output (enrichment analysis) 



DAVID  output (fuzzy clustering) 



GSEA 
(Gene Set Enrichment Analysis) 



•  No	
  cut-­‐off	
  (all	
  gene	
  list)	
  
•  Possible	
  to	
  detect	
  situa2ons	
  where	
  all	
  genes	
  in	
  a	
  predefined	
  set	
  change	
  in	
  a	
  small	
  

but	
  coordinated	
  way	
  
•  Also	
  possible	
  to	
  detect	
  cases	
  where	
  the	
  effect	
  is	
  due	
  to	
  large	
  changes	
  in	
  a	
  rela2vely	
  

few	
  genes	
  
•  In	
  microarray	
  experiments	
  where	
  no	
  single	
  gene	
  shows	
  sta2s2cally	
  significant	
  

differen2ally	
  expressed	
  genes,	
  GSEA	
  has	
  iden2fied	
  significantly	
  expressed	
  set	
  of	
  
genes	
  

•  Predic2ons	
  of	
  the	
  method	
  have	
  been	
  validated	
  in	
  independent	
  laboratory	
  
experiments	
  

•  Easy-­‐to-­‐use	
  sovware	
  package,	
  open-­‐source	
  	
  	
  

•  Need	
  a	
  ranked	
  list	
  

GSEA 



The	
  GSEA	
  Algorithm	
  

1.  generate	
  ranked	
  gene	
  list	
  (Fold	
  Change,	
  t-­‐Test,	
  log-­‐ra2o)	
  
2.  for	
  each	
  Gene	
  Set:	
  

•  calculate	
  running	
  sum:	
  
o  walk	
  down	
  ranked	
  gene	
  list	
  
o  increase	
  sum	
  if	
  the	
  gene	
  is	
  in	
  the	
  current	
  gene	
  set	
  
o  decrease	
  sum	
  if	
  not	
  

•  Enrichment	
  Score	
  (ES)	
  is	
  the	
  max.	
  devia2on	
  from	
  zero	
  
•  score	
  is	
  normalized	
  for	
  Gene	
  Set	
  size	
  (NES)	
  

3.  Es2ma2on	
  of	
  Significance	
  
a)  either	
  Phenotype	
  permuta2on	
  
b)  or	
  Geneset	
  permuta2on	
  
•  correc2on	
  for	
  mul2ple	
  tes2ng	
  (FDR)	
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Ranked	
  
list	
  

Rank	
  the	
  genes	
  using	
  a	
  differen;al	
  expression	
  value	
  

UP	
  

DOWN	
  

Up-­‐regulated	
  
in	
  treated	
  

Down-­‐
regulated	
  in	
  
treated	
  

>	
  40	
  000	
  
probes	
  

The	
  GSEA	
  algorithm	
  



	
  Enrichment	
  score	
  

Ranked	
  
	
  gene	
  list	
  

UP	
  in	
  
treated	
  

Enrichment	
  
Score	
  

Enrichment	
  
Score	
  

Enrichment	
  
Score	
  

+

-­‐	
  

DOWN	
  in	
  
treated	
  

Enriched	
  
in	
  
“treated”	
  

Enriched	
  in	
  
“non	
  
treated”	
  

“not	
  
enriched”	
  

+
+
+
+
+

+

+

+

Gene-­‐set	
  1	
  (17	
  genes)	
  
	
  

Gene-­‐set	
  3	
  (22	
  genes)	
  
	
  

Gene-­‐set	
  2	
  

Xi	
  =	
  √	
  ((N-­‐G)	
  	
  ⁄	
  G)	
  
Xi	
  =	
  √	
  ((20000-­‐50)	
  	
  ⁄	
  50)	
  
Xi	
  =	
  20	
  	
  	
  
	
  	
  	
  
	
  

Enrichment	
  score	
  from	
  Mootha	
  et	
  al.	
  
2003:	
  

if	
  the	
  gene	
  i	
  is	
  in	
  the	
  gene-­‐set:	
  	
  

N:	
  gene	
  list	
  length	
  (20000)	
  
G:	
  #	
  of	
  genes	
  in	
  the	
  gene-­‐set	
  (50)	
  

if	
  the	
  gene	
  i	
  is	
  in	
  not	
  in	
  the	
  gene-­‐set:	
  	
  

Xi	
  =	
  -­‐	
  √	
  (G	
  ⁄	
  N-­‐G)	
  
Xi	
  =	
  -­‐√	
  (	
  50	
  /	
  (20000-­‐50))	
  
Xi	
  =	
  -­‐0.05	
  	
  	
  
	
  	
  	
  
	
  The	
  running	
  sum	
  of	
  X	
  is	
  calculated	
  

un2l	
  we	
  reach	
  the	
  last	
  gene	
  in	
  the	
  
ranked	
  list.	
  



Ranked	
  
list	
  

UP	
  

DOWN	
  

>	
  40	
  000	
  
probes	
  

Gene	
  Ontology	
  

KEGG	
  

PFAM	
  

NCI	
   BIOCARTA	
  

HOMOLOGY	
  
DATA	
  

•  in	
  each	
  database,	
  the	
  genes	
  are	
  grouped	
  in	
  coherent	
  
gene-­‐sets	
  (grey	
  circles)	
  

•  	
  a	
  gene-­‐set	
  :	
  group	
  of	
  genes	
  with	
  “similar	
  func2on	
  or	
  
annota2on”	
  

•  >	
  3	
  000	
  gene-­‐sets	
  are	
  included	
  in	
  a	
  typical	
  analysis	
  

Calculate	
  the	
  enrichment	
  score	
  for	
  each	
  gene-­‐set	
  

Pathway	
  informa2on	
  from	
  mul2ple	
  source	
  



posi;ve	
  enriched	
  geneset	
   nega;ve	
  enriched	
  geneset	
  

68 

E
S	
  

E
S	
  



1.	
  Null	
  distribu2on	
  

ES	
  

Significant	
  
enrichment	
  
p-­‐value	
  

P	
  
-­‐v
al
ue

	
  

Significant	
  
enrichment	
  
p-­‐value	
  

2.	
  Correct	
  p-­‐value	
  for	
  mul2ple	
  hypothesis	
  
tes2ng	
  (FDR)	
  



Phenotype Permutation 
shuffling phenotype labels (1000-2000 times) 

Ph
en

o	
  
A	
  

Ph
en

o	
  
A	
  

	
   Ph
en

o	
  
A	
  

	
   Ph
en

o	
  
A	
  

	
   Ph
en

o	
  
A	
  

	
   Ph
en

o	
  
B	
  

	
   Ph
en

o	
  
B	
  

	
   Ph
en

o	
  
B	
  

	
   Ph
en

o	
  
B	
  

	
   Ph
en

o	
  
B	
  

	
  

Gene	
  1	
  

Gene	
  2	
  

Gene	
  3	
  

Gene	
  4	
  

Gene	
  5	
  

Gene	
  6	
  

Gene	
  7	
  

Gene	
  8	
  

Gene	
  9	
  

Gene	
  10	
  

Gene	
  11	
  

Gene	
  12	
  

Gene	
  13	
  

Gene	
  14	
  

Gene	
  15	
  

Gene	
  16	
  

Gene	
  17	
  

Gene	
  18	
  

...	
  

Ph
en

o	
  
A	
  

Ph
en

o	
  
B	
  

	
   Ph
en

o	
  
A	
  

	
   Ph
en

o	
  
B	
  

	
   Ph
en

o	
  
B	
  

	
   Ph
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o	
  
B	
  

	
   Ph
en

o	
  
A	
  

	
   Ph
en

o	
  
A	
  

	
   Ph
en

o	
  
A	
  

	
   Ph
en

o	
  
B	
  

	
  

Gene	
  1	
  

Gene	
  2	
  

Gene	
  3	
  

Gene	
  4	
  

Gene	
  5	
  

Gene	
  6	
  

Gene	
  7	
  

Gene	
  8	
  

Gene	
  9	
  

Gene	
  10	
  

Gene	
  11	
  

Gene	
  12	
  

Gene	
  13	
  

Gene	
  14	
  

Gene	
  15	
  

Gene	
  16	
  

Gene	
  17	
  

Gene	
  18	
  

...	
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Class1	
  (treated)	
   Class	
  2(contro)l	
   class1	
   class2	
  



Geneset Permutation 

original geneset random geneset 

A1	
   A2	
  
A3	
  

A5	
  A4	
  

B1	
   B2	
  
B3	
  

B5	
  B4	
  

D1	
   D2	
  
D3	
  

D5	
  D4	
  

C1	
   C2	
  
C3	
  

C5	
  
C4	
   C6	
  

C7	
   C8	
  

E1	
   E2	
  
E3	
  

F1	
   F2	
  
F3	
  

A1	
  

A2	
  

A3	
  
A5	
  

A4	
  

B1	
  

B2	
  

B3	
  

B5	
  

B4	
  

D1	
  

D2	
  

D3	
  

D5	
  

D4	
  

C1	
  

C2	
  

C3	
  

C5	
  

C4	
  

C6	
  

C7	
  

C8	
  

E1	
  

E2	
  

E3	
  

F1	
  

F2	
  

F3	
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GSEA Load Data dialog 
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Run GSEA dialog 
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Expression	
  dataset	
  (.txt)	
  

tab	
  delimited	
  file	
  (.txt)	
  
with	
  column	
  names	
  
First	
  column:	
  entrez	
  gene	
  ID	
  or	
  official	
  gene	
  symbol	
  
Second	
  column:	
  gene	
  name	
  /descrip2on	
  
Addi2onal	
  columns:	
  log2	
  normalized	
  data	
  of	
  each	
  replicate	
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8IKI= O+.,4;I?@@?N27%5#B"M$%72#%3?T$6#%B"?EO+.,4;IFG?A-1DH:H98K=K; <HI<I494 :H;9:<:J :H=KJ948 :H8=;IKJ :HKJ89;I

;;=:J .D->?@@?T$%C%"B7B"?2CC65B2#%3G?$P6AL6B3M7BV%?E.D->FG?"S57%2$?N%"%?%"563B"N?AB#65P6"3$B27?T$6#%B"G?#$2"C5$BT#?U2$B2"#?8G?A-1DHIH;<::4; IHJ;=4=8 IH:I::I4 4KH<;4=K9 IH<I=JI; IHJ:4;K4

<I;IK W-.>8=?@@?AB#65P6"3$B27?$BL6C6A27?T$6#%B"?>8=?EW-.>8=FG?"S57%2$?N%"%?%"563B"N?AB#65P6"3$B27?T$6#%B"G?#$2"C5$BT#?U2$B2"#?4G?A-1DH:H<J88<; IHKI=8<8 IH=KKK;I IH<:84JJ :HI:K<K: IHKI;;==

4KK49K;=4 >0,4KK49K;=4?@@.-!*),/!*@??CBAB72$?#6?P,(8K=;:J:?E>0,4KK49K;=4FG?A-1DH<HI<;<9=< <H;8K=4<< <H::9=;9 <H4K=99<< :H8KJ<II; :H49;J;:

;;:J4 *X1**8?@@?3QCLB"3B"?E3QC#$6L$%UB"?LB"3B"N?T$6#%B"?4F?36A2B"?56"#2B"B"N?8?E*X1**8FG?#$2"C5$BT#?U2$B2"#?9G?A-1DH<HJ:<9;<= <HI48J9; <HI<I<:= :H8;JKIJ :H8K8J8= :H=8=K;=

:=4 ,D+.:?@@?52CT2C%?:G?2T6T#6CBCM$%72#%3?5QC#%B"%?T%T#B32C%?E,D+.:FG?#$2"C5$BT#?U2$B2"#?XG?A-1DH<H84<;K8 <H8==488 <H9K:J<= <HK;9J9K= <H;=998I <H984449

I;I; .+,*X.?@@?T7%5VC#$B"?P6A676NQG?+%5<?2"3?56B7%3M56B7?36A2B"CG?LB"3B"N?T$6#%B"?E.+,*X.FG?A-1DH:HI8KJ=4 IH;;<KK9 IHK48K4 IH944:;; :HII:IK9 :H:94;44

498 D*Y?@@?23%"6CB"%?VB"2C%?ED*YFG?#$2"C5$BT#?U2$B2"#?D*YM76"NG?A-1DH<H9JJK;<= <HJKI4K= <HJ94<=<< <H49K4K4 <H=J:<<4 <H99;I8=J

J=4I<; >0,J=4I<;?@@.-!*),/!*@??PQT6#P%#B527?T$6#%B"?>0,J=4I<;?E>0,J=4I<;FG?A-1DH:H4;<;84 :HJ8=899 :HK:IIJ; :H:;J94 :HK;=49: :H9:84J=

J=<K:I >0,J=<K:I?@@.-!*),/!*@??PQT6#P%#B527?>0,J=<K:I?E>0,J=<K:IFG?A-1DH:H8:K:8J IH8=K:I8 :H4;9K4< IH8J;88: :H8;=4;= :H;I9444

99KJ O+.D8?@@?P%2#?CP65V?<KV*2?T$6#%B"?8?EO+.D8FG?A-1DHJHI;;=:: <H<<8;<: <H8:I;48 <H9IIK=8 <H=I8;;8 <H9<JK;J<

;<8;;: >0,;<8;;:?@@?PQT6#P%#B527?765SC?>0,;<8;;:?E>0,;<8;;:FG?"6"M563B"N?-1DHIH94J:I9 :H;I894: :H;=44II :H<:KII; :HJ:488= :H;K:<=;

<998 ZX!8>9?@@?SLB[SB#B"M56"\SN2#B"N?%"&QA%?!8>?9?EZX!8>9FG?#$2"C5$BT#?U2$B2"#?8G?A-1DH:HJI9=:K; :HJJIK88 :H48IJ=I IHK8=:K< :H4::<84 :HK:99K;



Gene Set Database (.GMT) 
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•  MSigDB	
  from	
  the	
  GSEA	
  website	
  
•  or	
  .GMT	
  file	
  available	
  for	
  the	
  Bader	
  lab	
  (hFp://baderlab.org/GeneSets)	
  
•  or	
  your	
  custom	
  .GMT	
  file	
  

Tab	
  delimitated	
  file	
  (.txt)	
  with	
  no	
  column	
  names	
  
First	
  columns:	
  gene-­‐set	
  name	
  
Second	
  columns:	
  gene-­‐set	
  descrip2on	
  
Addi2onal	
  columns:	
  Entrez	
  Gene	
  Id	
  or	
  Official	
  Gene	
  Symbol	
  



Phenotype label .cls 

Create	
  a	
  tab	
  delimited	
  file,	
  save	
  as	
  .txt	
  and	
  then	
  change	
  to	
  .cls	
  
6:	
  number	
  of	
  replicates	
  
2:	
  number	
  of	
  samples	
  
1:	
  always	
  1	
  ,	
  don’t	
  change	
  
#	
  names	
  of	
  the	
  2	
  classes	
  
Next	
  line:	
  corresponds	
  to	
  the	
  columns	
  in	
  the	
  expression	
  dataset	
  file:	
  treated	
  
control	
  treated	
  control….	
  
	
  



Chip Annotation file (chip) 
•  necessary if probeset-IDs (AffyID, Illumina, etc.) are used in 

the expression file (or ranked gene list) 
•  not necessary if identifiers in the expression dataset and in 

the .GMT file are Entrez Gene IDs or Official Gene Symbol.  

•  maps probeset-ID to HUGO gene symbols 
(MSigDB Genesets use HUGO gene symbols) 
e.g: 1418633_at  è  NOTCH1 
  1421205_at  è  ATM 
  1418102_at  è  HES1 

•  use parameter “collapse = true” to collapse expression 
values for multiple probesets that match to the same gene 
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Important GSEA Parameters 
•  permutation type: 

–  “phenotype” only if ≥ 7 samples per class are available 
–  “gene_set” works also with fewer samples 

•  collapse only if chip-annotation file is used 
•  collapsing mode 
•  scoring scheme: weighted 
•  metric 

–  Ratio_of_Classes    ç use with log2 expression data 
–  log2_Ratio_of_Classes   ç use with linear expression data 
–  t-Test 
–  Signal2Noise 

•  Min/Max size of Gene Sets 
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Metrics	
  for	
  ranking	
  genes	
  

hFp://www.broadins2tute.org/gsea/doc/GSEAUserGuideFrame.html	
  



GSEAPreranked 
Why? 
•  GSEA only has a limited number of ranking statistics: 

(Signal2Noise, Ratio_of_Classes, log2_Ratio_of_Classes, t-Test, ...) 
•  GSEAPreranked starts with a user-ranked gene list 

 
Examples: 
•  SAM 
•  ANOVA 
•  any other algorithm that can score and rank the genes 

according a 1- or 2-class model (e.g. TREAT) 
 
 
McCarthy DJ, Smyth GK (2009) Testing significance relative to a fold-change threshold is a TREAT. 

Bioinformatics (Oxford, England) 25: 765-71. Available: http://www.ncbi.nlm.nih.gov/pubmed/19176553. 
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1)	
  Load	
  Data	
  -­‐>	
  Browse	
  for	
  files	
  
2)	
  Tools	
  (menu	
  bar)	
  -­‐>	
  GSEAPreRanked	
  

Use	
  the	
  GSEA	
  pre-­‐ranked	
  op2on	
  to	
  use	
  GSEA	
  with	
  your	
  ranked	
  gene	
  list	
  (recommended)	
  



GSEA	
  pre-­‐ranked	
  

•  Gene	
  set	
  databse	
  (.GMT	
  file)	
  

•  Ranked	
  file	
  (.RNK):	
  
Tab	
  delimited	
  file,	
  
No	
  columns	
  names,	
  
The	
  first	
  column	
  corresponds	
  to	
  EntrezGeneIDs	
  
The	
  second	
  column	
  contains	
  ranking	
  values	
  
	
  
Op2onal	
  but	
  recommended:	
  no	
  duplicate	
  Entrez	
  
Gene	
  IDs	
  or	
  Official	
  Gene	
  Symbol	
  
	
  
Example	
  from	
  gene	
  expression	
  data:	
  
1)  Choose	
  Entrez	
  Gene	
  IDs	
  as	
  iden2fier	
  
2)	
  Calculate	
  the	
  t	
  sta2s2c	
  between	
  the	
  class1	
  
(treated	
  )	
  and	
  the	
  class	
  2	
  (control)	
  
3)	
  Rank	
  the	
  list	
  by	
  the	
  absolute	
  t	
  value	
  and	
  
remove	
  the	
  duplicates	
  
4)	
  Rank	
  the	
  unique	
  list	
  by	
  the	
  t	
  value	
  in	
  decreasing	
  
order	
  
5)	
  Save	
  the	
  tab	
  delimited	
  file	
  as	
  a	
  .RNK	
  file	
  
	
  
	
  
	
  
	
  

Ranked	
  file	
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GSEA	
  results	
  



GSEA	
  results	
  



Cytoscape 

is an  
•  open source bioinformatics software 

platform 
•  for molecular interaction networks 
•  visualization and analysis  
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5)	
  Enrichment	
  Map	
  (EM)	
  

treated	
  

non-­‐treated	
  

gene	
  overlap	
  

Enriched	
  in…	
  

gene	
  overlap	
  between	
  2	
  gene-­‐sets	
  

color	
  intensity	
  
depends	
  on	
  the	
  
nerichment	
  p-­‐value	
  

hFp://baderlab.org/Sovware/EnrichmentMap	
  



interferon 
signaling 

aurora B 

heme 

hydrolase/ 
deaminase 
activity 

peroxysome 

JUN kinase 

peptidase/ 
proteolysis 

leukocyte 
proliferation 

epithelial/
keratinocyte 
differentiation 

platelet 

angiogenesis/ 
blood vessel 

cell adhesion 

mitosis/ 
proteasome 

fatty acid/ 
oxydation 

signaling 

response to 
bacterium 

vitamin A / 
retinoid / 
terpenoid /
metabolism 

inflammatory 
response 

coagulation 

muscle 
proliferation 

migration 

chemotaxis 





Cytoscape	
  
	
  -­‐>	
  Plugins	
  (menu	
  bar)	
  
	
  -­‐>	
  Enrichment	
  Map	
  	
  
-­‐>	
  Control	
  Panel	
  
-­‐>	
  Load	
  Enrichment	
  Results	
  

To	
  run	
  enrichment	
  map	
  ,	
  you	
  need:	
  

1)  GMT	
  file	
  .GMT	
  	
  	
  :	
  provided	
  
2)  Expression	
  file	
  .TXT	
  
3)  GSEA	
  reports	
  (use	
  the	
  .rpt	
  file	
  in	
  the	
  

GSEA	
  folder	
  to	
  upload	
  the	
  rank	
  file	
  
and	
  the	
  enrichment	
  files)	
  



Save	
  your	
  map:	
  .cys	
  file	
  



WordCloud:	
  is	
  a	
  visual	
  representa2on	
  for	
  text	
  data	
  

hFp://baderlab.org/WordCloud	
  



How	
  to	
  convert	
  between	
  different	
  gene	
  iden2fiers	
  



BIOMART	
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