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BACKGROUND	
Variant	calling	and	Within	individual	contaminaLon	
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finding	somaLc	mutaLons	
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sample	from	
non-disease	site	

sample	from	
disease	site	

reference	sequence	(e.g.	hg19)	

•  UnifiedGenotyper 
•  VarScan 
•  SomaticSniper 
•  … 
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Using	a	mixed	model	
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𝑝(𝐴𝐴), 𝑝(𝐴𝐵), 𝑝(𝐵𝐵)	
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normal:	
disease:	
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█𝐴𝐴@
𝐴𝐵@𝐵
𝐵 	

normal	

disease	

G:	joint	genotype	probability	matrix		
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Focal	corGcal	dysplasia	

Cell	free	DNA	in	
recipients’	blood	

Fetus	genome	in	
maternal	blood	Dept.	of	Computer	Science	and	Engineering	 6	



Dept.	of	Computer	Science	and	Engineering	

Sample	heterogeneity		
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Loss	of	somaLc	mutaLon	calling	
α 

proportion of control sample 
in the mixed disease sample 

𝛼=0.5	
𝑔(𝐴𝐴,𝐴𝐵)→…𝐴𝐵𝐵𝐵𝐴𝐵𝐵𝐴𝐴𝐴𝐵…→~50% 𝐵𝐴𝐹	
𝑔(𝐴𝐴,𝐴𝐵)→…𝐴𝐴𝐴𝐴𝐴𝐵𝐵𝐴𝐴𝐴𝐵…→~25% 𝐵𝐴𝐹	

𝛼=0	
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VIRMID	
Virtual	MicrodissecLon	for	mixed	disease	sample	
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Normal	&	
Tumor	reads	

(N.	T)	
N,	T	s.t.	
gN=AA	

Genotype	
prob	(G)	
es9ma9on	

α	
es9ma9on	

Caller	

Final		
variant	
call	

Virmid 

1.  read alignment of 
disease & normal 

2.  reference sequence 

1.  estimated α 
2.  a list of somatic (germline) mutations 

α 
proportion of control sample 
in the mixed disease sample 

post-alignment	process	(GATK):	
IndelRealigner,	QualityRecalibraLon	
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Virmid	Model	

Normal	&	
Tumor	reads	

(N,	T)	
N,	T	s.t.	
gN=AA	

Genotype	prob	
(G)	es9ma9on	 α	es9ma9on	

Caller	

Final		
variant	call	
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Likelihood	funcLon	
•  Likelihood	funcLon	

	

•  AssumpLons		
–  Reads	at	different	posiLons	are	independent	
–  If	genotypes	are	given,	reads	in	a	posiLons	are	independent	

•  Considers	
–  Read	error	rate	
–  Mapping	error	rate	
–  Other	biases	
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Joint	genotype	probability	Probability	that	we	observe	the	normal	
reads	given	the	genotype	of	normal	sample	

Probability	that	we	observe	the	tumor	reads	
given	the	genotypes	of	normal/tumor	sample	
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EsLmaLon	of	genotype	probabiliLes	

α	es9ma9on	

Normal	&	
Tumor	reads	

(N.	T)	
N,	T	s.t.	
gN=AA	

Caller	

Final		
variant	call	

Genotype	prob	
(G)	es9ma9on	

),|,ˆ(maxargˆ TNGLG
G

α=
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EsLmaLon	of	α	
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where	

α	es9ma9on	

Normal	&	
Tumor	reads	

(N.	T)	
N,	T	s.t.	
gN=aa	

Genotype	prob	
(G)	es9ma9on	

Caller	

Final		
variant	call	
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Variant	Caller	

α	es9ma9on	

Normal	&	
Tumor	reads	

(N.	T)	
N,	T	s.t.	
gN=AA	

Genotype	prob	
(G)	es9ma9on	

Final		
variant	call	

Caller	

•  Use	of	MAP	(Maximum	a	posteriori	probability	esLmate)	
•  Use	esLmated	G		as	a	priori	distribuLon	
•  EsLmate	allele	frequencies	
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Final	Variant	Call	

α	es9ma9on	

Normal	&	
Tumor	reads	

(N.	T)	
N,	T	s.t.	
gN=AA	

Genotype	prob	
(G)	es9ma9on	

Caller	

Final		
variant	call	

•  Output	final	variants	ajer	α	converged	
•  Call	if	the	probability	of	being	somaLc	mutaLon	is	higher	than	

not		
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ValidaLon	
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simulated	mutaGon	&	mixture	in	hg19	Chr	1	

tested	α	values:	
1%,	5%,	10%,	20%,	30%,	40%,	
50%,	60%,	70%,	80%,	90%	

#	true	somaGc	(germline)	mutaGons:	
2226		(228,018)	
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EsLmaLon	of	α	
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Reducing	biases	
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α	ajer	iteraLon	
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α=0.1%	 α=60%	

α=70%	 α=80%	 α=90%	

α=50%	
PR	(Precision-Recall)	Curves	

𝒑𝒓𝒆𝒄𝒊𝒔𝒊𝒐𝒏= ​#𝑟𝑖𝑔ℎ𝑡/#𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 = ​#𝑇𝑃/
#𝑇𝑃+#𝐹𝑃 	

𝒓𝒆𝒄𝒂𝒍𝒍= ​#𝑟𝑖𝑔ℎ𝑡/#𝑡𝑟𝑢𝑒 = ​#𝑇𝑃/#𝑇𝑃
+#𝐹𝑁 	
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Strelka	(All)	

Virmid	(Init)	
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∗𝑓=2×​precision×recall/
precision+recall 	

0.347	

0.245	

for	each	α,	precision,	recall,	f-score*	are		
calculated	only	from	“final”	outputs	
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0.688	

0.781	
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APPLICATION	
HME	data	
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HME-data	

Sample	 Previous	Mut.	 Mut.	site	

HME-1563	 mTOR	 Cys1483Tyr	

HME-1565	 AKT3	 Glu17Lys	

HME-1573	 PIK3CA	 Glu545Lys	

HME-1574	 -	 -	

HME-1620	 -	 -	

SNPs	called	by	JointSNVMix2	
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Variant	calling	with	Virmid	

Sample	 Est.	Alpha	 Previous	Calls	 Virmid	Calls	 Misc.	

HME-1563	 67.1%	 1547	 1431	 mTOR	in	overlap	

HME-1565	 66.6%	 1328	 1761	 AKT3	in	overlap	

HME-1573	 62.8%	 1386	 940	 PIK3CA	in	overlap	

HME-1574	 66.4%	 1440	 3285	

HME-1620	 65.8%	 1335	 4165	
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More	variants	in	a	pathway	
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Chr	 Pos	 ref	 sample	 Func	 AA	Change	 Gene	
9	 33796766	 C	 T	 stop	 GLN,stop	 PRSS3	
7	 1.02E+08	 G	 A	 missense	 ARG,CYS	 SPDYE6	
3	 25777564	 G	 T	 missense	 ASP,GLU	 NGLY1	
3	 25777564	 G	 T	 missense	 ASP,GLU	 NGLY1	
3	 25777564	 G	 T	 missense	 ASP,GLU	 NGLY1	
6	 33410683	 G	 C	 missense	 ARG,PRO	 SYNGAP1	
6	 30522401	 A	 C	 missense	 VAL,GLY	 GNL1	
18	 29488748	 A	 G	 missense	 ILE,THR	 TRAPPC8	
10	 1.14E+08	 C	 A	 missense	 CYS,PHE	 GPAM	
19	 42795178	 T	 G	 missense	 VAL,GLY	 CIC	
1	 16916476	 G	 C	 missense	 LEU,VAL	 NBPF1	
6	 1.09E+08	 C	 G	 missense	 LEU,VAL	 ARMC2	
16	 54967289	 C	 A	 stop	 SER,stop	 IRX5	
10	 1.21E+08	 T	 C	 splice-5	 none	 GRK5	
5	 71490955	 C	 A	 missense	 ASP,GLU	 MAP1B	
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CONCLUSIONS	
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Conclusions	
•  Within	individual	contaminaLon	seriously	affects	somaLc	

variant	calling	
•  Virmid	accurately	infers	the	proporLon	of	non-disease	sample	

in	a	potenLally	mixed	disease	sample	
•  Virmid	increases	accuracy	(precision	and	recall)	by	

considering	the	within	individual	contaminaLon	
•  By	applying	Virmid	on	disease	samples	with	heterogeneity	

issues,	we	can	idenLfy	more	somaLc	variants	to	correlate	
with	phenotypes	
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SUPPLEMENTARY	SLIDES	
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EsLmaLng	calls	

•  True	genotype	=	“AA”	and	no	sequencing	error	

– 𝑃​1−𝑒 ⁠𝑔=𝐴𝐴 𝑃(𝑔=𝐴𝐴)	
•  True	genotype	=	“AT”	

–  Read	was	generated	from	‘A’	allele	and	no	sequencing	error	

–  ​1/2 ∗𝑃​1−𝑒 ⁠𝑔=𝐴𝑇 𝑃(𝑔=𝐴𝑇)	
–  Read	was	generated	from	‘T’	allele	and	sequencing	error	and		‘A’	was	

generated	by	chance	

–  ​1/2 ∗​1/4 ∗𝑃​𝑒 ⁠𝑔=𝐴𝑇 𝑃(𝑔=𝐴𝑇)	
•  True	genotype	=	“TT”	and	sequencing	error	

– 𝑃​𝑒 ⁠𝑔=𝑇𝑇 𝑃(𝑔=𝑇𝑇)	

A
	
A
	
A
	
A
	
A
	
T	
A

sequencing	error	=	e	
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EsLmaLng	calls	(cont’d)	

•  True	genotype	=	“AA”	and	sequencing	error	

– 𝑃​𝑒 ⁠𝑔=𝐴𝐴 𝑃(𝑔=𝐴𝐴)	
•  True	genotype	=	“AT”	

–  Read	was	generated	from	‘A’	allele	and	sequencing	error	and		‘T’	was	
generated	by	chance	

–  ​1/2 ∗​1/4 ∗𝑃​𝑒 ⁠𝑔=𝐴𝑇 𝑃(𝑔=𝐴𝑇)	
–  Read	was	generated	from	‘T’	allele	and	no	sequencing	error	

–  ​1/2 ∗𝑃​1−𝑒 ⁠𝑔=𝐴𝑇 𝑃(𝑔=𝐴𝑇)	
•  True	genotype	=	“TT”	and	no	sequencing	error	

– 𝑃​𝑒 ⁠𝑔=𝑇𝑇 𝑃(𝑔=𝑇𝑇)	

A
	
A
	
A
	
A
	
A
	
T	
A

sequencing	error	=	e	
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EsLmaLng	calls	(Cont’d)	

A
	
A
	
A
	
A
	
A
	
T	
A

𝑃(𝐴𝐴|𝐷)= ​𝑃​𝐷 ⁠𝐴𝐴 𝑃(𝐴𝐴)/𝑃​𝐷 ⁠𝐴𝐴 𝑃(𝐴𝐴)+𝑃​𝐷 ⁠𝐴𝐵 𝑃(𝐴𝐵)+𝑃​𝐷 ⁠𝐵𝐵 𝑃(𝐵𝐵) 	
	

= ​𝑃​𝐷 ⁠𝐴𝐴 𝑃(𝐴𝐴)/∑𝑔𝑖∈𝐺↑𝐺={𝐴𝐴,𝐴𝑇,𝑇𝑇}▒𝑃​𝐷 ⁠𝑔𝑖 𝑃(𝑔𝑖)  	

G=AA	 G=AB	 G=BB	

Probability	 56%	 40%	 4%	

𝑃(𝐴𝐵|𝐷)=…	

𝑃(𝐵𝐵|𝐷)=…	
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Calling	somaLc	mutaLons	
•  Call	variants	for	disease	sample	

–  And	filter	out	if	there’s	a	same	variant	in	normal	sample	(GATK-
UnifiedGenotyper)	

•  Calculate	a	joint	probability	for	totally	9	(3	x	3)	genotypes	
(jointSNVMix,	Strelka)	

GT=AA	 GT=AB	 GT=BB	

GN=AA	 10%	 80%	 2%	

GN=AB	 0.5%	 5%	 1%	

GN=BB	 0.1%	 0.4%	 1%	

A
	
A
	
A
	
A
	
A
	
A
	
A

A
	
A
	
A
	
T	
A
	
T	
A

normal	 disease	
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A	
A	
A	
A	
A	
A	
A	
B	
B	

Within	individual	contaminaLon	

normal	 disease	 normal	 disease	

A	
A	
A	
A	
A	
A	
A	
A	
A	

A	
A	
A	
A	
A	
B	
B	
B	
B	

A	
A	
A	
A	
A	
A	
A	
A	
A	

read	from	
normal	

genotype	=	AA	 AA					AB					BB	 genotype	=	AA	 		AA				AB				BB	
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SomaLc	mutaLons	are	rare	and	difficult	to	find	

Signal	Processing	Magazine,	IEEE		Developing	Algorithms	
to	Discover	Novel	Cancer	Genes:	A	look	at	the	
challenges	and	approaches	
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CompeLtor	Tools	

•  Other	NextGen	Tools	
– VarScan	
– SomaLc	Sniper	

•  SNP-Array	Tools	
– Absolute	
– OncoSNP	
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Workflow	
•  GATK	Unified	Genotyper:	

•  JointSNVMix:	
– Default	Sewngs	with	the	
joint_snv_mix_two	opLon	

•  Strelka	
– Default	sewngs	with	the	bwa	
opLon	
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JointSNVMix1 

Roth A et al. Bioinformatics 2012;28:907-913 

© The Author(s) 2012. Published by Oxford University Press. 

JointSNVMix2 
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Strelka	
•  Developed	at	Illumina	
•  Maximizes	posterior	probability	of	the	joint	
tumor	and	normal	allele	frequencies		
– Other	tools	only	look	at	genotypes	in	terms	of	
matching	reference	or	not.	

•  Is	able	to	call	somaLc	variants	as	well	as	detect	
inserLons	and	deleLons	

•  Does	not	implicitly	calculate	contaminaLon	or	
tumor	impurity	

•  High	filtering:		less	false	posiLves	

Saunders C T et al. Bioinformatics 2012;28:1811-1817 
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Strelka 

Saunders C T et al. Bioinformatics 2012;28:1811-1817 

© The Author 2012. Published by Oxford University Press. All rights reserved. For Permissions, 
please email: journals.permissions@oup.com 
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GATK	Best	PracLces	

hyp://www.broadinsLtute.org/gsa/wiki/
index.php/Data_Processing_Pipeline	
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AUC	(Area	under	curve)	
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Alpha	(%)	 JointSNVMix	 Virmid(init)	 Virmid	 AUC	diff.	

1	 0.930	 0.935	 0.935	

<	10-3	

5	 0.932	 0.936	 0.935	
10	 0.929	 0.934	 0.935	
20	 0.930	 0.933	 0.933	
30	 0.926	 0.930	 0.931	
40	 0.926	 0.931	 0.930	
50	 0.918	 0.915	 0.927	 0.008	
60	 0.884	 0.870	 0.910	 0.026	
70	 0.756	 0.702	 0.854	 0.098	
80	 0.438	 0.356	 0.741	 0.304	
90	 N/A	 0.040	 0.302	 N/A	
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WIC	in	HME	data	
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Bias	1	-	Loss	of	Reads	
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A

B

A

A
B

​𝑥↓𝑎 =𝑝(a read that passes ​𝑔↓1  being unmapped)	

g1	
g2	

​𝑥↓𝑏 =𝑝(a read that passes ​𝑔↓2  being unmapped)	

=𝑝(​𝑟↓1  has 𝑑+1 or more variants in the remaining sites)	

=𝑝(​𝑟↓2  has 𝑑+1 or more variants in the remaining sites)	

r1	
r2	

ref	

​𝑥↓𝑎 =1−∑𝑖=0↑𝑑▒(█𝑙−1@𝑖 )​𝑝↑𝑖 ​
(1−𝑝)↑𝑙−1−𝑖  	

​𝑥↓𝑏 =1−∑𝑖=0↑𝑑−1▒(█𝑙−1@𝑖 )​𝑝↑𝑖 ​
(1−𝑝)↑𝑙−1−𝑖  	

,where	𝑑=maximum edit distance, 𝑙=read length, and 𝑝=frequency of variation	



Bias	2	-	Loss	of	variants	
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