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Overview	of	soma%c	variants	analysis	
•  Func%onal	annota%on	&	priori%za%on	

–  coding	vs.	non-coding	
Ø  coding:	synonymous;	non-synonymous;	LoF	
Ø  noncoding:	promoter;	enhancer;	TF	binding	site;	ncRNA;	etc.	

-  target	gene	(“hub”);	mo%f	change;	nega%ve	selec%on;	recurrence	
-  iden%fica%on	of	candidate	drivers	

•  Deciphering	soma%c	muta%on	profiles	
–  base	subs%tu%on	muta%on	spectra	
–  tri-nucleo%de	context	muta%on	spectra	
–  muta%onal	signatures	

•  Frequency	of	mutated	genes	
–  most	frequently	mutated	genes	
–  frequency	of	known	cancer	genes	

•  Biological	pathway	&	network	analysis	
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Overview	
•  Soma%c	variants	calling	pipeline	
•  Func%onal	annota%on	&	priori%za%on	

–  coding	vs.	non-coding	
Ø  coding:	synonymous;	non-synonymous;	LoF	
Ø  noncoding:	promoter;	enhancer;	TF	binding	site;	ncRNA;	etc.	

-  target	gene	(“hub”);	mo%f	change;	nega%ve	selec%on;	recurrence	
-  iden%fica%on	of	candidate	drivers	

•  Deciphering	soma%c	muta%on	profiles	
–  base	subs%tu%on	muta%on	spectra	
–  tri-nucleo%de	context	muta%on	spectra	
–  muta%onal	signatures	

•  Frequency	of	mutated	genes	
–  most	frequently	mutated	genes	
–  frequency	of	known	cancer	genes	

•  Biological	pathway	&	network	analysis	
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Base	subs%tu%on	muta%on	spectra	
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Muta%onal	Spectrum	of	20	IBC	samples	
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Inferring	muta%onal	signature	

•  M:	muta%onal	spectrum	of	all	samples	
–  96	tri-nucleo%de	muta%on	contexts	

•  S:	muta%onal	signatures	
–  96	tri-nucleo%de	muta%on	contexts	

•  E:	number	of	muta%ons	contributed	by	each	signature	

•  Goal:	Finding	S	and	E	while	only	M	is	known	
•  Method:		

–  Non-nega%ve	matrix	factoriza%on	(NMF)	
–  Principal	component	analysis	(PCA)	
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Decomposi%on:	Inferring	soma%c	signatures	



Clustering:	by	the	contribu%ons	of	signatures	in	each	sample	
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Signatures	of	muta%onal	processes	in		
human	cancer	

•  COSMIC	(Catalogue	of	soma%c	muta%ons	in	cancer)	delivered	30	validated	signatures	
–  based	on	an	analysis	of	10,952	exomes	and	1,048	whole-genomes	across	40	

dis%nct	types	of	human	cancer	
–  profile	&	addi%onal	informa%on	(cancer	type,	proposed	ae%ology,	etc.	)	
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•  Cancer	types:	found	in	breast,	ovarian,	and	pancrea%c	cancers.	
•  Proposed	ae%ology:	associated	with	failure	of	DNA	double-strand	break-repair	by	

homologous	recombina%on.	
•  Comments:	strongly	associated	with	germline	and	soma%c	BRCA1	and	BRCA2	muta%ons	in	

breast,	pancrea%c,	and	ovarian	cancers.	In	pancrea%c	cancer,	responders	to	pla%num	therapy	
usually	exhibit	Signature	3	muta%ons.	



LB Alexandrov et al. Nature 000, 1-7 (2013) doi:10.1038/nature12477 

The	presence	of	muta%onal	signatures	across		
human	cancer	types.	



•  M:	muta%onal	spectrum	of	all	samples	
–  96	tri-nucleo%de	muta%on	contexts	

•  S:	30	validated	muta%onal	signatures	
–  96	tri-nucleo%de	muta%on	contexts	

•  E:	number	of	muta%ons	contributed	by	each	signature	

•  Goal:	Finding	op%mal	E	while	M	and	S	are	known	
•  Method:		

–  Generalized	linear	model	(GLM)	
–  Linear	programming/op%miza%on	
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Decomposi%on	of	muta%onal	spectrum	by	
validated	muta%onal	signatures	

or	



Generalized	Linear	Model	

•  Fit	a	generalized	linear	model	via	penalized	maximum	likelihood.		
–  E	should	be	non-nega%ve	
–  no	intercept	for	this	linear	model	
–  promote	sparsity	in		E	

•  The	regulariza%on	path	is	computed	for	lasso	penalty	at	a	grid	of	values	
for	the	regulariza%on	parameter	lambda.	
–  Cross	valida%on	(CV)	for	finding	op%mal	lambda	value	
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Contribu%ons	of	muta%onal	signatures	to	
individual	samples	
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Dominant	muta%onal	signatures	
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•  Signature	5	is	observed	in	14.4%	cancer	samples:	
•  bladder	cancer,	glioma,	kidney,	lung	lymphoma	B	cell,	medulloblastoma,	myeloma,	thyroid	

Not	prevalent	in	breast	cancer	samples!		



Coupled	muta%onal	signatures	

•  Signature	2	is	usually	found	in	the	same	samples	as	Signature	13.		
•  found	in	22	cancer	types	and	seems	to	be	commonest	in	cervical	and	bladder	cancers	
•  afributed	to	ac%vity	of	the	AID/APOBEC	family	of	cy%dine	deaminases		
•  It	has	been	proposed	that	ac%va%on	of	AID/APOBEC	cy%dine	deaminases	is	due	to		

–  viral	infec%on	
–  retrotransposon	jumping	
–  %ssue	inflamma%on	
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Overview	
•  Soma%c	variants	calling	pipeline	
•  Func%onal	annota%on	&	priori%za%on	

–  coding	vs.	non-coding	
Ø  coding:	synonymous;	non-synonymous;	LoF	
Ø  noncoding:	promoter;	enhancer;	TF	binding	site;	ncRNA;	etc.	

-  target	gene	(“hub”);	mo%f	change;	nega%ve	selec%on;	recurrence	
-  iden%fica%on	of	candidate	drivers	

•  Deciphering	soma%c	muta%on	profiles	
–  base	subs%tu%on	muta%on	spectra	
–  tri-nucleo%de	context	muta%on	spectra	
–  muta%onal	signatures	

•  Frequency	of	mutated	genes	
–  most	frequently	mutated	genes	
–  frequency	of	known	cancer	genes	

•  Biological	pathway	&	network	analysis	

16	



•  Coding	region	
•  Noncoding	region	

–  Intron	
–  Promoter	
–  UTR	
–  Transcrip%on	factor	binding	site	
–  DNase1	hypersensi%ve	sites	
–  ncRNA	
–  Pseudogene	
–  Enhancer	

•  Coding	&	Noncoding	region	
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Define:	mutated	genes	



Frequently	mutated	genes	
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•  Total	number	of	genes:	13,153	
•  Cutoff	for	#	Occurrence:	17	
•  #	Genes	selected:	72	

•  #	Occurrence	>	20	
•  Dis%nguish	CDS	&	non-CDS	
•  Muta%on	may	simultaneously	

happen	on	both	CDS	and	non-
CDS	regions	



Most	frequently	mutated	genes	
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High	confidence	pan-cancer	genes	
•  Pan-cancer	gene	list	

–  Cancer	Gene	Census	
–  MuSIC	
–  OncodriveFM	
–  OncodriveCLUST	
–  Ac%veDriver	
–  MutSig	
–  High	confidence	driver/candidate	driver	

•  High	confidence	driver	&	Selected	in	>=4	sources	above	
–  TP53:	high	confidence	driver	&	selected	in	all	6	sources	
–  ARID1A:	high	confidence	driver	&	selected	in	4	sources	

•  CGC,	MuSIC,	OncodriveFM,	MutSig	

•  64	pan-cancer	driver	genes	selected	
–  9	genes	do	NOT	have	any	muta%on	reported	in	all	20	samples	
–  AKT1,	ATRX,	BAP1,	BRAF,	CEBPA,	HRAS,	IDH2,	PPP2R1A,	VHL	
–  55	genes	eventually	selected	
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Muta%onal	frequency	of	pan-cancer	genes	
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NFE2L2	encodes	a	transcrip%on	factor	which	is	a	member	of	a	small	family	of	basic	leucine	zipper	
(bZIP)	proteins.	The	encoded	transcrip%on	factor	regulates	genes	which	contain	an%oxidant	response	
elements	(ARE)	in	their	promoters;	many	of	these	genes	encode	proteins	involved	in	response	to	
injury	and	inflamma%on	which	includes	the	produc%on	of	free	radicals.		



Overview	

•  Non-IBC	samples	selec%on	
–  ER,	PR,	HER2	status	
–  age	
–  race	

•  Soma%c	variants	calling	pipeline	
–  exactly	same	as	IBC	pipeline	

•  Func%onal	annota%on	&	priori%za%on	
•  Deciphering	soma%c	muta%on	profiles	
•  Frequency	of	mutated	genes	
•  Biological	pathway	&	network	analysis	

22	

IBC			vs.	Non-IBC		


