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Supplementary	Figure	1.	Comparisons	of	exact	and	estimated	log-rank	
distribution	for	varied	simulations.	The	black	line	represents	the	exact	
distribution	whereas	the	colored	lines	show	the	distributions	estimated	by	
VALORATE.	The	values	of	n,	d	(ev),	n1,	and	a	total	number	of	combinations	(comb)	is	
included	in	the	top	of	each	panel.	The	top	8	panels	correspond	to	the	distribution	of	
8	simulated	scenarios	shown	in	nominal	units.	The	bottom	8	panels	display	
corresponding	distributions	in	logarithm	base	10	scale	to	highlight	local	modes	of	
low	density.	 	
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Supplementary	Figure	2.	QQ	plot	comparison	of	distributions.	The	distributions	
correspond	to	the	simulation	shown	in	Figure	2	of	the	main	paper.	The	exhaustive	
distribution	is	shown	in	horizontal	axis	while	the	VALORATE	distribution	is	shown	
in	the	vertical	axis.	Each	dot	corresponds	to	the	value	of	the	distribution	from	0%	to	
100%	in	increments	of	1%.	The	extreme	dots	around	+/-	6	marked	with	arrows	
were	seen	in	the	exhaustive	calculation	but	not	observed	in	the	random	sampling	of	
VALORATE,	which	is	expected	due	to	random	nature	of	the	sub-sampling	process.	
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Supplementary	Figure	3.	Comparisons	of	p-value	estimations.	Each	row	of	
panels	shows	a	specific	simulation	varying	n1={	50,	30,	14,	7	}	respectively	
randomizing	the	mutational	group	(x	vector)	50,000	times	and	using	n=100	subjects	
and	d=10	events.	The	left	column	shows	the	observed	distribution	of	k	co-
occurrences	(death	and	mutations),	followed	by	the	p-value	estimations	in	linear	
and	logarithmic	scales,	and	the	overall	L	distribution	estimated	by	VALORATE.	The	
ALRT	p-values	are	shown	in	the	horizontal	axis	whereas	the	VALORATE	p-values	
are	shown	in	the	vertical	axis.	Note	that	p-value	differences	are	dependent	on	n1	and	
k.	Some	co-occurrences	were	missing	within	the	50,000	random	vectors	in	n1=14	
and	n1=7.	
	 	



	

	Supplementary	Figure	4.	Examples	of	differences	in	the	p-value	estimation.	
(A)	Shows	the	estimated	p-values	from	the	ALRT	(horizontal	axis)	and	VALORATE	
(vertical	axis)	for	a	simulation	having	n=100,	d=10,	and	n1=7	(as	in	Supplementary	
Figure	3).	Colors	correspond	to	the	number	of	co-occurrences	(black=0,	red=1,	
green=2,	blue=3,	cyan=4,	magenta=5,	and	6	and	7	were	not	observed	in	this	
sampling).	“*”	at	the	bottom	right	(black)	and	top	left	(red)	marks	two	extreme	cases	
shown	in	(B)	and	(C)	respectively.	(B)	The	estimated	p-value	using	VALORATE	of	
1.8x10-4	which	was	estimated	by	the	ALRT	as	p=0.15.	(C)	The	estimated	p-value	
using	VALORATE	of	0.27	which	was	estimated	by	the	ALRT	as	p=3.5x10-6.	
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Supplementary	Figure	5.	Precision	of	VALORATE	at	different	values	of	
sampling	size.	Two	parameters	sets	(scenarios)	were	used.	The	top	2	rows	show	
simulations	at	n=100,	d=10	(ev),	n1=7	and	the	2	bottom	rows	at	n=300,	d=30	(ev),	
n1=4.	Columns	show	different	values	of	the	sampling	size	parameter	(ss)	
corresponding	to	103,	104,	105,	and	106.	Each	panel	shows	two	runs	in	different	
colors.	Row	1	and	3	correspond	to	raw	scale	whereas	rows	2	and	4	correspond	to	
logarithm	base	10	scale	to	highlight	low-density	regions.	
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Supplementary	Figure	6.	Differences	of	p-value	estimations	across	cancer	
types.	Each	panel	shows	a	cancer	type,	the	samples	used,	the	number	of	censored	
samples,	the	average	number	of	mutations	per	sample,	and	the	p-value	estimations	
for	VALORATE	(horizontal	axis)	and	the	ALRT	(vertical	axis).	Each	dot	corresponds	
to	a	gene	in	the	dataset.	Only	genes	whose	p-value	<	0.01	in	any	test	and	having	4	or	
more	mutations	are	colored.		
	 	



	
Supplementary	Figure	7.	Differences	of	p-value	estimations	along	a	number	of	
mutations.	Each	panel	shows	the	p-value	estimated	in	VALORATE	(horizontal	axis)	
and	the	ALRT	(vertical	axis)	for	the	specified	number	of	samples	mutated	(from	3	to	
more	than	25).	Colors	correspond	to	cancer	types.		
	 	



										

	
Supplementary	Figure	8.	Number	of	significant	genes	at	FDR=0.333	across	
cancer	types.	(A)	Significant	genes	using	all	samples	in	VALORATE	and	the	ALRT.	
(B)	Significant	genes	after	removal	of	top	5%	most	mutated	samples.	 	
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Supplementary	Figure	9.	Comparison	of	significant	and	top	genes.	(A)	q-value	
of	genes	significant	at	q-FDR	<	0.333	and	p	<	0.05	in	VALORATE	(horizontal	axis)	or	
in	the	ALRT	(vertical	axis).	(B)	Ranks	of	genes	in	(A).	
	 	

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●●● ● ●● ●● ●

●

●●● ● ●●●

●

●● ● ● ●●●●
●● ●●

●

● ●● ●● ●●●● ● ●

●

●● ●●

●

● ●

●

●● ●● ●●● ●●● ●●●● ●●● ●

●

●

●

● ●● ●● ●● ●● ●●● ●● ●● ● ● ●●●
●
●● ●● ●●

●

●●● ● ●●● ●● ●● ●
● ● ●● ●●

●

● ●●● ●● ●● ● ●●● ● ●
●

● ●●

●

●● ●● ●● ●●● ●● ●●●●
●

● ●● ●●●

●
● ●● ●

●

●●● ●

●

●●

●

● ●● ● ●●●
●

● ●
● ●● ●●●● ●● ●● ●● ●●● ●●● ●●

●●●● ●●●●●
● ●

●

●● ● ● ●●●
● ●
● ●●●●●

●

● ● ● ●●● ●● ●●

●

●

● ●●● ●● ●● ●●
● ●● ●●● ●● ●●●● ●● ●

●

●● ● ●● ●●●●● ●

●

● ●● ●● ●● ● ● ● ●●●● ●

●

●● ● ●●● ●● ●

●

●●●

●

● ●● ●

●

● ● ● ●● ●● ●● ● ● ●

●

●● ● ● ●● ●● ●● ●● ●● ●
● ●● ●●

●

●

●

●●
●●

●

●●●
● ●●● ● ●● ● ● ●● ● ●●●●●● ●●● ● ●●

●

●●● ●● ●●● ● ●●● ●●
● ● ● ●

●

●● ●● ● ●●● ●●
● ●●● ●● ●●

●●● ●

●

●● ● ●●

●

●●● ●●● ●● ●● ● ●

●● ●

●

●●

●

●

●

●●● ●●● ●●

●

●

●

●●

●

●

●

● ●●●

●

●●

●

●●●

●

● ●● ●● ●●

●

●

●

●

●

●

●

●

●

●● ●

●

●●●●

●

●

●

●

●

●

●

●●●●● ●●● ●●●

●

●●

●

● ●

●

●

●

●●

● ●

●

●

●●

●

●

●

●

●

●

●
● ●

●

●

●●

●

●

●

●

●

●

●

●

●

●
●

● ●

●

●

●

●

●

●●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●● ●

●

●

●

●

●

●

●

●

●

●●● ●●●

●

● ●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●

●

●

●●●● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●● ●

●

●● ●

●

●

●

●

●

●

●

●

●

●●●

●

●

●

●

●●

●

● ●

●

● ●● ●

●

●

●

●

●

●

●

●

●

●

●●

●

●●

●

●●

●

●

●

●● ●

●

●

●

●

●

●

●● ●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●●●

●

●

●

●

●

●

●

●

● ●●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●● ●●

●

●●●●

●

●

● ●

●

●

●

●

●●

●

●● ●●

●

●

●

●

●

●

●●

●

●

●● ●

●

●● ●

●

●

●

●

●

●● ●●●

●

●●● ●●● ●

●

●

●

●

●●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●●●

●

●

●● ●●

●

●

●

●

●●● ● ●●

●

●●

●

●

●

●●

●

●

●

● ●● ●● ●●

●

●

●

● ●

●

●

●

●

●●●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●● ●●●●

●

●

●

●

● ● ●●●

●

●● ●●

●
●

●● ●

●

●

●

●

●

●● ●

●

●

●

●
●

●

● ●●●

●

●

●

●

●

●●●

●

●

●●

●

● ●● ●●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●●●

●

●

●

●● ●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●●
●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●● ● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●● ●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

● ●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●● ●

●

●

●

●

●

●●●

●

●●

●●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●●●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

● ●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●
●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

● ● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●
●

●

●

●

●

● ●

●

●

● ● ●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
● ●

●

●

●

●

● ●

●

●● ●

●

● ●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ● ●● ●

●

● ●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●●●

●

●

●

●

● ●●

●

●

●

●

●●

●

●●

●

●●●●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●
●

●

●

●

●

●

●

●

●

●●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

● ●●●●● ●

●

● ● ●

●

●●● ●● ●● ●●● ●● ●●● ●●● ●

●

●

●

● ●●●

●

● ●●

●

●● ● ●●●

●

●●● ●● ●● ●

●

●●

●

●●●

●

●● ●●●● ●● ●●

●

●●● ●●●●

●

● ●●●● ●● ●●● ●● ●● ● ●●●●

●

●

●

●

●●● ●

●

● ●●●●

●

● ●●●● ●● ●●●

●

●● ●●

●

●● ● ●● ●● ●●● ●● ●

●

●●

●

● ●●● ●●●

●

●

●

●●● ●●● ● ●
●●● ●●● ●● ● ●● ● ●●●● ●●●● ●●● ●

●

●●● ●

●

●● ●● ● ●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●● ●

●

●

●

● ●●

●

●

●

●

●

●

●

●

●

●

●

●

●● ●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

● ●

●

● ●
●

●

●●

●

●

●

●

● ●

●

●

● ●● ● ●●

●

●

●

●

●

●

●

●

●

●

●●

●

● ●●

●

● ●

●

●●

●

● ●

●

●

●●

●

●

●

●

●

●
●

●

●

●

●

●

●●●

●

●

●

●

●

●

● ●●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●●●

●

●

●

●

●

●

●

●●●

●

●

●

●

●

●

●

●● ●● ●●● ● ●●●
●● ● ●● ●● ●

●● ●● ●●●●●●●●
● ●●●●
● ●●
●

●●●●● ●● ● ●●● ●●●
●●●● ●●● ●● ●●● ● ●●● ●
● ●●●● ●●●● ●● ●●● ●● ●●●

●● ●●●● ●●●● ●
●●●●
●
●●●●●● ●●

●● ●●● ●
● ●●●●● ●●●●● ●●● ●●●

●● ●●●● ●● ●●● ● ●●● ●●●● ●● ● ●●●● ●● ●●●●
●

● ●● ●
● ●●●● ●● ●●

● ●●● ●● ●●●●●●●●● ●●●●● ●●● ●●●●●● ● ●●● ●
●●● ●●

●●● ● ●● ●●●●
● ●●● ● ●●●

● ●● ● ● ● ●● ●●●●● ●●●●●● ●●● ● ●●● ●● ●

●

●●● ●
● ●● ●●●● ●● ●● ●●

●
●●

●●●● ●● ●
● ●●

●
●●●● ●● ●●● ●● ●●●● ●●● ● ●●●

●●● ● ●●● ●●●● ● ●●●●●● ●●● ● ●●● ●●●●● ●● ●● ●●●●
●●

●●●●● ●●● ●●
● ●●● ●● ●● ● ●●● ●●●● ●● ●● ●
●● ● ●●

●● ●● ●●● ● ●●●● ● ●● ●
●●● ●●● ●● ●● ●● ●●●●●

●
●●●●●●●●●● ●●●

●
●● ● ● ●●● ●
●●● ●● ● ●●●●●● ●●● ●

●
●● ● ●
●● ● ●●
●● ●●●●● ●● ● ●● ●● ●● ● ●●●

●
● ●●●●

●
●● ●●●●● ●● ●● ● ●●●● ●● ●● ● ●●● ●●● ● ●●●

●● ●●● ●● ●● ●●● ●● ● ●●●● ● ●●● ●● ●●● ●● ●●●● ● ●● ●●● ●● ●●● ●
●●● ● ●●
●●

● ●●
●●
●● ●●●

● ●●
●●●●●
●● ●●●●● ●●●● ●●●●● ●● ●●●●●

● ●●
●●
●●● ●● ●● ●● ● ●●● ●●●● ●

●
● ●

●●
● ●●● ●●●●

●● ●●
● ●● ●●●● ●● ●●● ●● ●●●●● ●●●● ●● ●●● ●
●

● ●●● ●●●● ●●●● ●●● ●
●● ● ●● ●● ●●●●● ●●● ●●

●
●● ● ●● ●●●● ●●●●● ● ●●
●● ●● ●●

●
●● ●● ●●● ● ●● ●● ●● ● ●●● ●●●

●
● ●●● ●●

●
●● ● ●

● ●●●● ●● ●●●●● ●
●●●● ●● ●● ●●●● ● ●●●● ●● ●●●
●● ● ●●

●
●●●● ●●●● ● ●●● ● ●● ●

●●● ● ●● ● ●● ● ● ●● ● ●
● ● ●●●●● ●●●●● ●●

●
● ● ●●
●● ●●●● ●●● ●● ●● ● ●●●● ●● ● ●●
●●●●

●●● ●●●●●● ●●●●●●● ● ● ●●
●●● ●● ●●● ●●●● ● ●●●●●● ●● ●●● ●●● ● ●● ●● ●●● ●

●●
● ●

●●●●● ●● ●●●●● ●●●
●

● ●●● ●● ●●
●

●● ●● ●● ●● ●
● ●●●●● ●●●● ● ●● ●●

●● ●● ●● ●● ●●● ●●●●●●● ●●●● ● ●● ●●
● ●●● ●● ● ●●●●● ●● ●

● ●●●●● ●● ●●●●●
●● ●●●●●● ●●● ●●● ●●●

● ●
●● ●●

●●● ● ●
●●● ●●

●
●● ●● ● ●● ●●● ● ●●●●● ●●● ●● ●●

● ●●●● ● ● ● ●●● ●●●
●● ●● ●●●●● ●● ●●●●●● ●● ●●●●●● ●●

●
● ●●● ● ●●●● ●● ●● ● ●●● ●

● ●● ●●●● ● ●
●● ●●● ● ●●●●● ●●●●

●● ● ●●● ●
●

●● ●●●● ●●●● ●● ●● ●
●●●●● ●●● ●●● ●●● ●●

●
●● ● ●●
●● ●●●

● ● ●● ●● ●● ●●
●
●

●
●●●● ● ●

●
●●
● ●●● ●●

● ● ●●●● ●●●● ●●●
●● ●●
●●● ●● ●●●● ●
●● ● ●●
●
●●
●●●

●● ●● ● ●●● ●●●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●
●●●●●● ● ●●●● ●
●●●●●●●●● ●●●●● ●●●● ●● ●

●●
●●●●●●

●
● ●●●●●●●
● ●●

●

●
●●● ●● ●●

●

●● ●●●●●●●● ●
●●

●● ●●

●

●●●●
●●●●●

●

●●●
●● ● ●● ●●●●● ●●●

●●
●●

●

●

●●●●●●●●●●●●●● ●●●●●●
●●

●

●● ●
●●●●

●

●
●● ●●●●● ●●

●●● ●●●
●●

●●
●● ●●

●

●●●●●●●
●●●●
●

● ●● ●● ●● ●●

●

●
●●● ●

●

●● ●●● ●●
●●●●●

●●
● ●

●
●●●● ●●

●●●
●●● ●●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

● ●

●

●

●●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●●●● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●●●●●

●

●● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

0.01 0.02 0.05 0.10 0.20 0.50 1.00

0.
01

0.
02

0.
05

0.
10

0.
20

0.
50

1.
00

q−Value of Significant Genes

VALORATE

Su
rv
Di
ff

355

2403

2285

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

● ●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●
●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●●

●
●

●

●

●●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●
●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●
● ●

●

●

●

●

●

●

●
●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●
●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●
●

●

●●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●

●

● ●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●
●

●

●

●
●

●

●

●

●
●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●
●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●●

●●●

●

●●

●

●●

●

●●

●●

●●

●

●

●

●

●

●

●

●

●

●

●●

●

●●●●●●

●

●

●

●

●

●●●

●

●●●●●

●

●●

●

●

●●

●

●

●

●

●

●●●

●

●

●

●

●

●

●

●●

●

●

●

●●

●●

●

●

●●●

●

●

●

●

●

●

●

●

●●●●

●

●●

●

●

●

●

●●●

●

●

●

●●

●●

●

●

●

●

●●●

●

●

●

●

●

●

●

●●●●

●

●

●●●●●●

●

●

●

●

●

●

●

●

●

●

●●

●

●●●

●

●

●

●

●

●

●●

●

●

●

●●●●●

●

●

●

●

●●●●

●

●

●

●

●

●

●

●

●●●

●●●

●

●●●

●

●

●

●

●

●●

●

●●●

●

●

●●●●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●
●

●

●●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ● ●

●

● ●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●
●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

1 5 10 50 100 500 1000 5000

1
5

10
50

10
0

50
0

10
00

50
00

Ranks of Significant Genes

VALORATE

Su
rv
Di
ff

194

141

232

4476

AL
RT

AL
RT

VALORATE

VALORATE

(A)

(B)

q	(FDR)	

Ranks



	
Supplementary	Figure	10.	Association	of	the	number	of	significant	genes	with	
the	numbers	of	samples.	Association	to	(A)	the	number	of	samples	used,	(B)	
deaths,	(C)	censored,	and	(D)	percentage	of	censoring.	
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Supplementary	Figure	11.	Association	of	the	number	of	significant	genes	with	
hypermutated	of	samples.	The	panels	show	the	top	30	most	significant	genes	
(having	lowest	p-values)	in	the	vertical	axis	and	samples	in	the	horizontal	axis.	The	
number	of	mutations	per	subject	and	the	survival	days	is	also	shown	on	top	of	each	
panel.	The	ordering	of	columns	corresponds	to	the	significance	and	whether	the	
gene	was	associated	with	low	risk	(green)	or	high	risk	(red).	The	columns	were	
ordered	by	the	number	of	mutations	in	low	and	high	risk	within	the	genes	shown.	
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Survival (days)
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Supplementary	Figure	12.	Number	of	hypermutated	samples	removed	along	
with	mutated	genes	per	sample	and	cancer	type.	Each	dot	corresponds	to	a	
sample	within	a	cancer	type	(horizontal	axis).	Cancer	types	ordered	by	the	median	
of	the	number	of	mutated	genes.	The	number	of	samples	of	each	cancer	type	is	
shown	in	parenthesis.	The	number	of	‘hypermutated’	samples	removed	are	shown	
above	the	line	marking	the	cut-off	used.	For	most	cancer	types,	a	500	cut-off	value	
was	used.	
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Supplementary	Figure	13.	Number	of	significant	genes	per	cancer	type	after	
removal	of	hypermutated	samples.	
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Supplementary	Figure	14.	Significant	genes	using	VALORATE	in	gliomas	are	
not	related	to	most	mutated	samples.	
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Supplementary	Figure	15.	Risk	group	associated	with	significant	genes	using	
VALORATE.	
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Supplementary	Figure	16.	Top	genes	seem	cancer-type	specific.	(A)	Significant	
genes	relaxing	the	FDR	cut-off	to	FDR	<	0.999,	p	<	0.05,	and	maximum	10	genes	per	
cancer	type.	(B)	The	p-value	of	the	top	5	genes	per	cancer	type.	
	 	

A
1C

F 
 B

C
L9

  C
M

TR
2 

 E
S

R
1 

 
IG

FN
1 

 M
LL

2 
 N

T5
C

2 
 R

A
B

L6
  

TB
X

5 
 Z

N
R

F3

SNAPC4
ZNRF3

GOLGA4
C4orf32
WEE1

ZNF699
MSI2

CTNND1
FAM120B
RUNX1
HFM1
TCP11

ADRBK1
NOP2
ITPR2

GOLGA6L2
OBSCN
PRG4
SMG1
CUBN

C14orf39
KMT2C

LTK
TUBB1

DOCK11
CROCC
DMTF1
MSH6
FGFR1

DCLRE1C
EIF2B2
FAT3

MMP15
TAS2R30
MAGEC2
SMC1A
NOX4
KLF2

CXCR4
OSBPL10
TUBA3C
CTNNA3
KRT12
ZIC1

LRRC55
PCDH15
SLC9A4

NIN
ATRX
CIC

EGFR
IDH1
PTEN
TP53
NF1

SPTA1
TTN

ARID1A
STAG2

NOTCH1
FOXK1

FLG
PCLO

DNAH2
MLL3
EZH2

EIF1AX
KLHL34

DNAJB11
CMTR2
NLRP6
PSIP1

ADAM21
PCDHB10

MUC4
MICAL1

KIAA1704
CDCA2
RELN

ADAMTS7
ZNF831
ANPEP
PER3

FAM178A
PROX1
CHD7

HLA−DRB1
IGFN1
MUC17
MYH10
RYR1

KIF13B
PHF20L1
PBRM1

DNMT3A
SI

PTPN11
DNAH9
DNAH8

TNKS1BP1
KIF20B
ZNF835
IL6ST

DNAH5
SETD2
ACTC1
CCBE1

C11orf40
S1PR1
ACPT

NOTCH2
SMC3

DUSP27
CNGA4

CCDC85A
ZNF527
PLCE1
MTMR8

DYNC1I1
SIGLEC1
BRCA2
NEK1

CAMK4
DFNB31

FRY
RYR2
ALK

AFF4
BLM

FRMD7
CDCA8
CARD9

ADAMTS16
POLE
NT5C2
MUC16

SPHKAP
MAML3
CHEK2
L1CAM

AHNAK2
UNC13D

A1CF
DCC

FAM135B
ANO4
MLL2

PRDM9
CAC1B
PHRF1

TMEM132C
CAC1F
OR6T1
ABCC5
PPP6C

ATP6V0A4
WHSC1

XDH
FAT1

ASXL1
MUC3A
GNAQ
KLHL4
KCNK5
SEC31B

ANK1
OR14I1
TMPO
ATM
TCF7

PRDM5
NDN

ZC3H12C
ZNF569
ADAM15

AQP7
BAHCC1
LMTK2
BCL9
FLG2

GPR98
MT−ND5
MT−CO2
TOP2A
CNTN5
RTTN

MACF1
SESTD1
ANKS1B
FRAS1
LAMA3
NRAS

CCDC88B
USP10
ZFAT

SF3B1
BAP1
KRAS
LTBP2
ESR1
RABL6
HECW1
EGR2

KCNH5
MUC6

FAM104B
RIMBP2
HLA−A

TG
ZNF112

CATSPERG
CADPS
FREM2

PKHD1L1
KNDC1
RYR3

SLITRK5
COL2A1

CACNA2D3
PCDHA5

NEUROD6
VPS13B
BCLAF1
OTOP1

SLC35G5
PRKG2
CHFR

INPPL1
OR2B3
AMN1

SFMBT2
PMFBP1

KIF1A
KMT2D
CLCN7

DYNC1H1
CFAP65
EXD3
TBX5

GUCY2F
FBF1
NAV1
CES1

PAPPA2
RP1

MUC19
ADAMTS20

DAXX
KDM6A

AR
USP42
ABI3BP
CYP2F1
MUC12
CDX4

CDH20
VPS13C

G
en

e

ACC BTCA−JP DBLC 
KICH LICA−FR 
MELA−AU PACA−CA 
PRAD−UK STES UVM

AC
C

B
LC

A
B

R
C

A
C

E
S

C
C

H
O

L
C

O
A

D
C

O
A

D
R

E
A

D
D

B
LC

E
S

C
A

G
B

M
G

B
M

LG
G

H
N

S
C

K
IC

H
K

IP
A

N
K

IR
C

K
IR

P
LA

M
L

LG
G

LI
H

C
LU

A
D

LU
S

C
O

V
PA

A
D

P
C

P
G

P
R

A
D

R
E

A
D

S
A

R
C

S
K

C
M

S
TA

D
S

TE
S

TG
C

T
TH

C
A

TH
Y

M
U

C
E

C
U

C
S

U
V

M
A

LL
−U

S
B

O
C

A
−F

R
B

O
C

A
−U

K
B

TC
A
−J

P
C

LL
E
−E

S
C

O
C

A
−C

N
E

S
A

D
−U

K
E

S
C

A
−C

N
LI

C
A
−F

R
LI

N
C
−J

P
LU

S
C
−K

R
M

A
LY
−D

E
M

E
LA
−A

U
N

B
L−

U
S

O
R

C
A
−I

N
O

V
−A

U
PA

C
A
−A

U
PA

C
A
−C

A
PA

C
A
−I

T
PA

E
N
−A

U
P

B
C

A
−D

E
P

R
A

D
−U

K
R

E
C

A
−E

U
S

K
C

A
−B

R
TH

C
A
−S

A

Type

AC
C

B
LC

A
B

R
C

A
C

E
S

C
C

H
O

L
C

O
A

D
C

O
A

D
R

E
A

D
D

B
LC

E
S

C
A

G
B

M
G

B
M

LG
G

H
N

S
C

K
IC

H
K

IP
A

N
K

IR
C

K
IR

P
LA

M
L

LG
G

LI
H

C
LU

A
D

LU
S

C
O

V
PA

A
D

P
C

P
G

P
R

A
D

R
E

A
D

S
A

R
C

S
K

C
M

S
TA

D
S

TE
S

TG
C

T
TH

C
A

TH
Y

M
U

C
E

C
U

C
S

U
V

M
A

LL
−U

S
B

O
C

A
−F

R
B

O
C

A
−U

K
B

TC
A
−J

P
C

LL
E
−E

S
C

O
C

A
−C

N
E

S
A

D
−U

K
E

S
C

A
−C

N
LI

C
A
−F

R
LI

N
C
−J

P
LU

S
C
−K

R
M

A
LY
−D

E
M

E
LA
−A

U
N

B
L−

U
S

O
R

C
A
−I

N
O

V
−A

U
PA

C
A
−A

U
PA

C
A
−C

A
PA

C
A
−I

T
PA

E
N
−A

U
P

B
C

A
−D

E
P

R
A

D
−U

K
R

E
C

A
−E

U
S

K
C

A
−B

R
TH

C
A
−S

A

SNAPC4

EIF2B2

FOXK1

RYR1

BRCA2

TMEM132C

GPR98

CATSPERG

FBF1

ZNRF3

FAT3

FLG

KIF13B

NEK1

CAC1F

MT−ND5

CADPS

NAV1

GOLGA4

MMP15

PCLO

PHF20L1

CAMK4

OR6T1

MT−CO2

FREM2

CES1

C4orf32

TAS2R30

DNAH2

PBRM1

DFNB31

ABCC5

TOP2A

PKHD1L1

PAPPA2

WEE1

MAGEC2

MLL3

DNMT3A

FRY

PPP6C

CNTN5

KNDC1

RP1

ZNF699

SMC1A

EZH2

SI

RYR2

ATP6V0A4

RTTN

RYR3

MUC19

MSI2

NOX4

EIF1AX

PTPN11

ALK

WHSC1

MACF1

SLITRK5

ADAMTS20

CTNND1

KLF2

KLHL34

DNAH9

AFF4

XDH

SESTD1

COL2A1

DAXX

FAM120B

CXCR4

DNAJB11

DNAH8

BLM

FAT1

ANKS1B

CACNA2D3

KDM6A

RUNX1

OSBPL10

CMTR2

TNKS1BP1

FRMD7

ASXL1

FRAS1

PCDHA5

AR

HFM1

TUBA3C

NLRP6

KIF20B

CDCA8

MUC3A

LAMA3

NEUROD6

USP42

TCP11

CTNNA3

PSIP1

ZNF835

CARD9

GNAQ

NRAS

VPS13B

ABI3BP

ADRBK1

KRT12

ADAM21

IL6ST

ADAMTS16

KLHL4

CCDC88B

BCLAF1

CYP2F1

NOP2

ZIC1

PCDHB10

DNAH5

POLE

KCNK5

USP10

OTOP1

MUC12

ITPR2

LRRC55

MUC4

SETD2

NT5C2

SEC31B

ZFAT

SLC35G5

CDX4

GOLGA6L2

PCDH15

MICAL1

ACTC1

MUC16

ANK1

SF3B1

PRKG2

CDH20

OBSCN

SLC9A4

KIAA1704

CCBE1

SPHKAP

OR14I1

BAP1

CHFR

VPS13C

PRG4

NIN

CDCA2

C11orf40

MAML3

TMPO

KRAS

INPPL1

SMG1

ATRX

RELN

S1PR1

CHEK2

ATM

LTBP2

OR2B3

CUBN

CIC

ADAMTS7

ACPT

L1CAM

TCF7

ESR1

AMN1

C14orf39

EGFR

ZNF831

NOTCH2

AHNAK2

PRDM5

RABL6

SFMBT2

KMT2C

IDH1

ANPEP

SMC3

UNC13D

NDN

HECW1

PMFBP1

LTK

PTEN

PER3

DUSP27

A1CF

ZC3H12C

EGR2

KIF1A

TUBB1

TP53

FAM178A

CNGA4

DCC

ZNF569

KCNH5

KMT2D

DOCK11

NF1

PROX1

CCDC85A

FAM135B

ADAM15

MUC6

CLCN7

CROCC

SPTA1

CHD7

ZNF527

ANO4

AQP7

FAM104B

DYNC1H1

DMTF1

TTN

HLA−DRB1

PLCE1

MLL2

BAHCC1

RIMBP2

CFAP65

MSH6

ARID1A

IGFN1

MTMR8

PRDM9

LMTK2

HLA−A

EXD3

FGFR1

STAG2

MUC17

DYNC1I1

CAC1B

BCL9

TG

TBX5

DCLRE1C

NOTCH1

MYH10

SIGLEC1

PHRF1

FLG2

ZNF112

GUCY2F

−10 −8 −6 −4 −2 0
Value

0
15

00
0 Color Key & Histogram

C
ou

nt

p
0 1.333

FDR
10-5 1

p
10-10 1(A) (B)

A
C
C

B
LC
A

B
R
C
A

C
E
S
C

C
H
O
L

C
O
A
D

C
O
A
D
R
E
A
D

D
B
LC

E
S
C
A

G
B
M

G
B
M
LG
G

H
N
S
C

K
IC
H

K
IP
A
N

K
IR
C

K
IR
P

LA
M
L

LG
G

LI
H
C

LU
A
D

LU
S
C
O
V

P
A
A
D

P
C
P
G

P
R
A
D

R
E
A
D

S
A
R
C

S
K
C
M

S
TA
D

S
TE
S

TG
C
T

TH
C
A

TH
Y
M

U
C
E
C

U
C
S

U
V
M

A
LL
-U
S

B
O
C
A
-F
R

B
O
C
A
-U
K

B
TC
A
-J
P

C
LL
E
-E
S

C
O
C
A
-C
N

E
S
A
D
-U
K

E
S
C
A
-C
N

LI
C
A
-F
R

LI
N
C
-J
P

LU
S
C
-K
R

M
A
LY
-D
E

M
E
LA
-A
U

N
B
L-
U
S

O
R
C
A
-IN

O
V
-A
U

P
A
C
A
-A
U

P
A
C
A
-C
A

P
A
C
A
-IT

P
A
E
N
-A
U

P
B
C
A
-D
E

P
R
A
D
-U
K

R
E
C
A
-E
U

S
K
C
A
-B
R

TH
C
A
-S
A

KLHL34

CCDC85A

GABBR2

HECW1

WBSCR17

CUX1

ZFYVE9

A1CF

EDNRA

MYOC

FLG2

RABL6

FREM2

LOXHD1

TPRX1

CHFR

PLCE1

FGFR1

SPTA1

C20orf26

SERPINB7

ZNF527

UNC13D

NIN

SMARCA1

MT-ND5

POT1

PTPRD

CFAP65

CYP2F1

INPPL1

HLA-DRA

DCLRE1C

FBN2

MLL2

IGSF1

DLGAP1

PKD1L1

SLC39A12

AMIGO3

MT-CO2

NXF1

EPHA7

EP300

PLCB2

DNAJB11

ZNF699

TAS2R30

RYR3

ZAN

EDAR

NEK1

ABCA13

ZBTB7B

TCF7

SESTD1

ASXL1

PKHD1L1

KMT2D

CNNM3

IL17RD

CTNND1

KLF2

UBE3C

MLL3

SI

HMCN1

TCERG1

CST1

SORL1

AHCTF1

SPEN

KNDC1

EXD3

MUC12

CMTR2

MSI2

IRF4

ZNF318

RBMXL1

CACNA1E

CAMK4

L1CAM

MDH1B

OR10X1

RTTN

FAT1

BCAT1

GRIN2B

CDX4

PSIP1

ADRBK1

FLNA

PKHD1

ADAM21

MYOCD

GTF3C1

F8

ITPRIP

PCDHB10

LAMA3

EGR2

NEUROD6

XDH

TJP3

TYK2

CXCR4

MCOLN3

PABPC1

TNKS1BP1

ERN2

FAT3

KIF13B

ADAM15

DUSP27

IGHV4-34

SLITRK5

GUCY2F

MAOB

PAX2

TUBA3C

COL6A5

NKTR

HFM1

BRCA2

BAZ1B

NOTCH4

PTPRJ

DNAH3

IGLV3-1

CDH7

ADGRV1

ARHGEF28

NOP2

MYO1F

TTN

PHF20L1

ITPR2

PCDH15

FAM135B

CPED1

ZC3H12C

CNTN5

FRG1

SLC4A10

TBX5

DNHD1

TCP11

MGAT4C

SLC9A4

IL16

KIF20B

ERBB3

PRDM9

ATM

DROSHA

SHROOM3

RIMBP2

VPS13B

FBF1

GDF1

C14orf39

CTNNA3

RP1L1

MICAL1

DNAH8

FRY

NLRP1

DAZAP1

NAV1

TOP2A

MUC6

PCDHA5

MYH1

TNIP2

FHDC1

ZIC1

CABIN1

KIAA1704

WDR87

DFNB31

ANO4

OR14I1

ZNF569

ZNF292

PRIM2

CHTF18

NRXN2

ZNF112

TENM4

GOLGB1

AHNAK2

ZNF831

RACGAP1

C11orf30

CRIPAK

TMC8

KRT12

ADRA2A

KCNH5

CACNA2D3

CES1

CCDC132

SMG1

LRRC55

MED13

CDCA2

KAT6B

CCDC43

COL4A6

APBA1

PER3

MACF1

CDRT1

BCLAF1

ROBO2

NLRP8

CUBN

DNAH5

EGFR

COL2A1

ZNF835

BLM

TMEM132C

ATG4C

NDN

USP10

IGHV4OR15-8

MST1

EDC4

GOLGA4

KMT2C

PRKG2

PCDHGC5

SPTBN1

IL6ST

FKBP7

RYR1

SEC31B

FAM186A

MAGEC2

NALCN

SLC35E2

ADAMTS20

SORBS1

AMD1

IDH1

SEMA3C

OGT

ZNF226

CDCA8

NLRP9

KCNK5

BAHCC1

ZFAT

FAM104B

NOTCH2

PHF8

C4orf32

PRG4

RELN

ARID1A

FAM178A

PCDHA8

AFF4

PHRF1

RP1

PRSS3

CASZ1

PLCG2

OTOP1

DAXX

SNAPC4

MXRA5

CUL9

RYR2

PROX1

OR51F1

KCNQ3

ARHGAP27

CARD9

SIGLEC1

CCDC88B

MUC4

ADAMTS7

KDM6A

ZNRF3

USP1

CIC

OSBPL10

FCRL4

MMRN2

SPHKAP

GPRIN3

TMPO

FANK1

KLHL4

MUC2

PSPC1

ABI3BP

AMN1

POLE

MYH10

FRMD7

SYNE1

ACPT

NBPF10

STARD9

NOX4

AQP7

LRP1B

MUC19

SLC35G5

USP42

ITGA4

KIAA1109

PABPC3

NF1

CHD7

C11orf40

MAML3

NLRP6

KCNN2

COL5A1

SF3B1

MTMR8

MUC17

TG

BIRC6

MMP15

FOXK1

NOX3

JMJD1C

ADAMTS5

MUC16

PPP6C

ANKS1B

GPR98

GNAQ

LRP2

PMFBP1

AR

CCR5

DOCK11

ADAMTS16

ATRX

CRB1

GARNL3

KRTAP4-11

ABCC5

ANK1

CCDC155

BAP1

HUWE1

ALK

KIAA1614

WEE1

DMTF1

TP53

PTEN

IGSF3

CLSTN3

CHEK2

CAC1B

ZNF174

LMTK2

KRAS

CATSPERG

DYNC1H1

PCLO

FAM120B

MSH6

PCDHAC2

ATP6V0A4

RUNX1

CCBE1

CDHR1

CAC1F

CNBD1

MAGEC1

FBN1

CADPS

CLCN7

CSMD3

NRXN3

MBTD1

TCHH

MYO9B

DNMT3A

ACTC1

HTR1E

OR6T1

CYP26A1

BCL9

LTBP2

ADCY2

KIF1A

OBSCN

MAP4K4

EIF2B2

NOTCH1

PAPPA2

DYNC2H1

OR2B3

DCC

CLSTN1

OR4N4

NBPF9

CMYA5

ZFHX4

TIAM1

VPS13C

S1PR1

NEK8

NOS3

DNAH2

PBRM1

CNGA4

ZNF804B

WHSC1

PRDM5

ZFHX3

ESR1

NFE2L2

ARID2

CDH20

4
5 5

4
5

4
6
9
4

4
9

4 22 26 8 17
6
5 5

4 7
5

5 51 8
5 6 12

5 4
8
4 10
4 6

4 4
12 11
40 33 6 8
4
5
8
9
7
7 10
7 8
8 9 12
4
7
9 4
8

4
6
4
4 4
5

9 4
4
7 6 11

18 7 9 11 10
48 7 10 49 8 8 39 4 12

22 7
4
4 3 11 7
9 9 6
4
5 4 8
5 3

8 8
7 10 10
5 4

6 5 38 41 5 4 12 13
5 7

4
7 8 5
7 11 4
13 13 8

5
4 5 4

4
5
3 6
3

7 6 14 5
4
4 4
7 24 16
4 19
10 11

6
59 68 27 63 15 150 4

6 11 11
15 410 395

4 27 19 6 64 5 42 6
6 5 12

16 111 110
5 5 5 4

5 6 12 4 3
3 4 4

12 6 8 4 10
13 83 330 353 21 7 12 247 105 239 132 118 83 65 7 59 58 56 83 195 123 9 3

40 162 16
6 22 17 6 4

9 24 25 40 18 5 20
4 8 14

14 24 29 7 8 8 5
28 33 59

26 32 15 22 11 8 4 29 12
29 5 48 26 53 4 19 10

4 8 8 6
7 15

8 12 41 29 28 13 9
4 4 6 4 5 4

6 3 5 32
10 150 119 224 37 52

5 7 10 7 5 20 4
5 5 9

5 7
10 3 29 15 18 3

4 6 4
110 7 34 5
46 7 147

8 3 12
23 21 73 24 21
51 167 21 59 3

3 5 4
9 5
63 31 5

4 5 4
8 17 210 9 5 18 5

168 112 6 23 149
4 13

5 6 17
8 5 4

12 22 11 26 7 16 6 7
8 11 22 4

9 4
11 5
5 4 4

62 7 10
6

4 3 7
8 5

4 16 7
9 5 5
5 4
5 4
4 4
11 5 5 31 4
4 4
7 4 12 4 4

4 5
6 4 7
7 4
10 4 5
4 4 14

4 31 14 48 5 14
10 8 6 31 7

4 13 5 20 17 4
6 6 6 44 20

4 4 14
12 16 4
9 10 4 46 4 7 4 8 6 5
17 7 6 7

13 146 11 5 12
5 4 4 5 16

4
9 13 4 4 32

6 5
9 46 7 6

6 16 10
11 8

11 7 4
5 19 6 5
8 7 12 4

5
48 19 88 4 11

15 15 6 16 6 6
5 4 5 4

5 5
13 13 5 4

6 5 5 10
5

7 5 16
12 8
6 7
5
5 4

4 24
6
6
7
14
5 4 4

5
6 12
8
5

4
59 23 24 9

4
16 4
8 5

7 13 5 5
4 25 4 7

13 5
5
5
6

7
8 5

6
10

4 6 8
9 4

22 4 15 4 5
10 8

6
8 46 88 84 48 9 37 209 105 33

10 4
8 3

5 4
7 6

10 5 58 7 6
9 4

5
9 4 4 8

4
47 12 4 9 17 6

4
6

4 46
31 40 22 85 8 6

5 6
19 10 5 4 26 6

5 4
9 6

17 10 5 8 5
11 19 6

4 4
6 4 7 25

7 17 9
6 4

7 4
5
4
5

7 30 4
23

21 12 12 6
4
5

6 16
4

5 6 8
6 7 8

4 16 23
7 8 5

4 7 6 5
5 4

4 5 5 4
5 6

8 5 11
13 9 46 16 4 21

7 11
4 9 27 17 13

4 8
7 5

5 6
4 10

3 4
11

9 7 6
6 16 5 27 32 6 4

4 4
9

5 5 3 5
4 6 13 15 4

12 9 5 4
23 6 4 30 31 21

5 6
13 3
8 4

4 7
7 10

12 4 10
17 4 5 5 7 7

5 7
9 6

11 5 13 10 30
4 9 4

4 12 4
9 4 4

4 20 20
4 6 9

7 4 4
8 16 4

11 4 4 11 12
5 6

3 8 10
5 9 11

32 36 6
4
5

12 8 4 6
5
4

4 5
21 45 49 40 25 5

5
4 4

12 23 6
5 14 16 4

4
6 6 45 32 14 4

4 21 5
9 7

9 4
5

7 7
4 8

9 10 3
10 4 5

5 34 37 22 7 13 5 11
4
7

14 9 5
5 10 11

4
18 8 8 35 21 5 14

3
6 8 3 5

9 3
12 7 4

3
21 3

40 25 22 5
15 12 11 18

6 6 40
52 36 26

13 136 48 3 38 157
12 5 5

9 5
8 9

4
4

11 7
4

5 9 17 4
24 24 15 27 24 5 4

4 18 21 5
4 4

8
27

17 44 37 8
4 4 6 4 4

17 3 15 35 20 53 5
5 5 8

17 5 5
5 12 3

9 11
14 14 4 4

17
7 13 5 5 5

30 137 74 7 38 11 10 10
7 11 7 31

5 7
6 7 4
23 6 4

25 29 6 4 14 4 13
4

4 10 4
38 4

5 18 11 8 11 9 5
12 4

34 17 6
4 7 5 6

4
24 8

10 10 6 4
4 4

7 4
21 6 29 6

5 6 10 18 4
5 5 5

8 4
5 4

4 4
5

30 4
8 32 3

4
22 6 4 3

4
5 8 6 3

4 5 3
7 7 5 4

47 6 9 8 12 8 3
7 7 4

4 21
12 17 6 4

4
4 17 4 5

16 21 5 4 10 4
23 15 9

6 6 4
4

36 4 5
18 10 9 6 14 7

4
4

8 8 9 37 17 4
4

4 5
4 5 10 4

4
12 6

4
4

38 15 9 4
6 4

11 7 8 5
4

13 5
9 16 9 3

6 4 5
4

13 6 15 9 4 4
17 22 4

11 5 4
42 32 24 3 22 29 12 4

9 4
27 33 7 10 4

14 4 11 3
3

7 5
4

7 3
3
8
3

-1 0 1
Value

0

Color Key & Histogram

C
ou
nt



	
Supplementary	Figure	17.	Functional	impact	of	the	mutations	in	significant	
genes.	(A)	Functional	impact	of	the	mutations	in	significant	genes.	(B)	Functional	
impact	of	random	genes	having	a	similar	number	of	mutations	within	the	same	
cancer	types.	The	annotations	were	obtained	from	MutationAssessor.	(C)	Statistical	
analysis	of	the	differences	in	functional	impact.	
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(Supplementary	Figure	18)	
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Supplementary	Figure	18.	Comparisons	of	p-value	estimations	in	several	
settings.	To	clarify	the	tendencies	in	all	panels,	the	points	for	a	value	of	k	that	were	
placed	above	the	diagonal	were	joined	used	a	line,	which	was	then	smoothed.	A	
similar	line	was	used	for	the	points	below	the	diagonal.	(A)	For	5	mutations	in	
settings	of	25%,	50%,	and	75%	of	events	in	100,	500,	and	1000	samples.	(B)	For	10	
mutations	in	same	settings	than	(A).	Note	that	patterns	depend	on	%	of	events	and	
mutations	and	not	on	the	number	of	samples.	
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Supplementary	Figure	19.	Power	analysis	in	two	scenarios.	The	figure	shows	
the	results	of	the	simulations	for	data	similar	to	Glioblastoma	(GBM)	in	(A)	and	for	
Breast	cancer	(BRCA)	in	(B).	The	panels	at	left	show	the	simulated	populations	at	
different	hazard	ratios	while	the	panels	at	right	show	the	power	analyses.	100	
simulations	were	performed	for	each	hazard	ratio	tested.	Each	simulation	used	all	
subjects	from	the	original	fitting	(black	Kaplan-Meier	curve)	and	added	10	random	
subjects	from	the	tested	curve	that	were	used	as	the	‘mutated’	subjects.	For	
VALORATE,	we	used	100,000	for	sampling	size.	The	simulations	were	performed	
using	a	uniform	hazard	over	time	for	all	subjects.	Censoring	was	randomly	
determined	at	the	moment	of	simulated	death	multiplying	the	death	time	by	a	
random	uniform	factor	between	0.5	and	1	to	generate	the	censored	follow-up	time.	
The	parameters	of	our	simulations	were	adjusted	to	fit	the	observed	data	in	GBM	in	
(A)	and	BRCA	in	(B).	
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Supplementary	Figure	20.	Comparison	of	the	mutation	frequency	and	
significance	of	genes	between	Gliomas	and	Glioblastoma	and	Low-Grade	
Gliomas.	(A)	shows	the	proportion	of	samples	for	Glioblastoma	(GBM)	in	the	
vertical	axis	and	for	Low-Grade	Gliomas	(LGG)	in	the	horizontal	axis.	Colored	
ellipses	denotes	p-value	estimations	likely	affected	by	differences	in	mutation	
frequency	(red)	and	those	gaining	power	due	to	higher	number	of	samples	(blue).	
The	size	of	the	bubble	is	related	to	the	p-value	for	Gliomas	(GBMLGG).	Note	that	
smaller	bubbles	are	closer	to	the	diagonal.	Gray	denotes	non-significant	(at	FDR	<	
0.333).	Top	genes	in	gliomas	(GBMLGG)	are	labelled.	(B)	shows	a	comparison	of	the	
p-value	in	logarithm	base	10	scale	of	significant	genes	in	Gliomas.	

0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007

0.
00
0

0.
00
1

0.
00
2

0.
00
3

0.
00
4

0.
00
5

0.
00
6

0.
00
7

Proportion of Mutations in LGG

P
ro

po
rti

on
 o

f M
ut

at
io

ns
 in

 G
B

M

IDH1

PTEN
EGFR

ATRX

CIC

TP53

NF1
SPTA1

SCN9A
PCDH11X

by power

by bias
(>	frequency)

-5 -4 -3 -2 -1 0

-5
-4

-3
-2

-1
0

Genes Significant in Gliomas (GBMLGG)

LGG (p VALORATE)

G
B

M
 (p

 V
A

LO
R

A
TE

)

ATRX

CIC
EGFR

IDH1

NF1

PCDH11X

PDGFRAPTEN

SCN9A

SMARCA4 SPTA1

TP53

1e-6
1e-4

1e-3
1e-2

GBMLGG
p-Value

(A) (B)

1e-6
1e-4

1e-3
1e-2

GBMLGG
p-Value

<	1e-2


