
MODULE	8	-	PART	2:	PATHWAY	ANALYSIS	LAB	
	
Lab	Part	1:	Enrichment	Test	
	
1.1.	Let’s	get	a	gene	list	for	analysis	

	
Highlights:	

• Using	the	integrated	data	sets,	we	identified	127	significantly	mutated	genes	
• Genes	under	positive	selection,	either	in	individual	or	multiple	tumour	types,	
• tend	to	display	higher	mutation	frequencies	above	background.	
• Our	statistical	analysis	identified	127	such	genes	
• The	mutational	significance	in	cancer	(MuSiC)	package	was	used	to	identify	
• significant	genes	for	both	individual	tumour	types	and	the	Pan-Cancer	

collective.	[Dees	et	al.	MuSiC:	Identifying	mutational	significance	in	cancer	
genomes.	Genome	Res.	2012]	

• These	significantly	mutated	genes	are	involved	in	a	wide	range	of	cellular	
processes,	including	transcription	factors/regulators,	histone	modifiers,	
genome	integrity,	receptor	tyrosine	kinase	signalling,	cell	cycle,	mitogen-	
activated	protein	kinases	(MAPK)	signalling,	phosphatidylinositol-3-OH	
kinase	(PI(3)K)	signalling,	Wnt/b-catenin	signalling,	histones,	ubiquitin-	
mediated	proteolysis,	and	splicing	(Fig.	2).	
	

Supplementary	Data,	Table	4	
• globally	significant,	frequency	>=	1%	for	glioblastoma	multiforme	(GBM):	46	



• globally	significant,	frequency	>=	1%	for	kidney	renal	clear	cell	carcinoma	
(KIRC):	53	

	
1.2.	Let’s	use	g:Profiler	to	obtain	enrichment	results	
	
http://biit.cs.ut.ee/gprofiler/	
	
First	set	the	parameters	and	filter	gene	sets	to	be	analysed	
	

	
	
Then	paste	in	the	gene	list	and	press	g:Profile	to	perform	the	analysis;	also	
download	the	GMT	file	with	gene	symbols,	which	will	be	necessary	to	use	
Enrichment	Map	for	visualization	
	

	
	
	 	



Change	Output	Type	back	to	Graphical	(PNG)	and	study	visualised	pathway	
enrichments.	Scroll	right	and	down	to	see	processes	and	annotated	genes.	
	

													
	
	
Lab	Part	2:	Visualization	in	Enrichment	Map	
	
Enrichment	Map	2.0.1	needs	to	be	installed	prior	to	analysis	(the	most	recent	
version	2.1.0	creates	flawed	maps	for	datasets	generated	with	g:Profiler).	File	
enrichmentmap-2.0.1.jar	is	available	in	the	wiki.	See	Apps	>	App	Manager	in	menu.	
	

	



	
	
	
	
Open	Cytoscape	3.2.1,	Apps	>	Enrichment	Map	>	Create	enrichment	map	
	
First	load	all	the	files:	

•	GMT	file:	has	gene-set	definitions	
•	Enrichment	of	data-set	1:	has	enrichment	statistics	for	GBM	
•	Enrichment	of	data-set	2:	has	enrichment	statistics	for	KIRC	

	

	
	
	



Then	set	the	analysis	parameters	
	

	
From	the	Cytoscape	control	panel,	select	the	style	tab,	and	map	the	EM1_GS_DESCR	
to	graphic	attribute	Label	
	

	
	
Then,	for	both	data-sets,	reset	the	color	based	on	FDR.		
	
First,	change	the	attribute	mapped	to	the	graphical	attribute:	

• fill	color:	EM1_fdr_qvalue_dataset1	
• border	paint:	EM1_fdr_qvalue_dataset2	

Second,	set	the	color	notches	to	these	values:	
• 0.0001:	dark	red	
• 0.001:	red	



• 0.005:	lighter	red	
• 0.01:	lightest	red	
• 0.05:	white	

Third,	set	the	default	colors	of	nodes	and	borders	to	white.		
	

	
	

		
	Finally,	we	are	going	to	improve	the	layout.	

1. From:	Layout	>	Settings	
2. Select:	Prefuse	Force	Directed	Layout	
3. And	reset	default	spring	coefficient	to:	1E-6	

	
Tips	for	interpreting	results	for	these	data-sets:	

• Entirely	red	circles	represent	pathways	enriched	both	in	GBM	and	KIRC	
• Red	cores	with	white	borders	represent	pathways	only	seen	in	GBM	
• White	cores	with	red	borders	represent	pathways	only	seen	in	KIRC	
• Intensity	of	red	maps	to	strength	of	pathway	enrichment	p-value	
• Singletons	at	the	bottom	are	often	redundant	with	larger	clusters;	however	

they	sometimes	include	additional,	unique	pathways.	
• Browse	groups	of	pathways	and	identify	major	functional	themes	

characteristic	of	these	groups.		


