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Abstract	
Liquid	biopsy	assays	have	shown	great	promise	as	a	precision	medicine	approach	to	therapy	selec1on	and	pa1ent	monitoring,	but	
significant	 sensi1vity	 and	 specificity	 improvements	 are	 s1ll	 needed.	 	 To	 address	 this	 we	 introduce	 ERASE-Seq	 (Elimina1on	 of	
Recurrent	 Ar1facts	 and	 Stochas1c	 Errors),	 a	method	 for	 accurate	 and	 sensi1ve	 detec1on	of	 ultra-low	 frequency	DNA	 variants.		
ERASE-Seq	differs	from	previous	methods	by	crea1ng	a	variant	event	matrix	(Fig	1)	that	includes	mul1ple	sample	runs	and	control	
data.	 	A	 robust	 sta1s1cal	 framework	 is	 applied	 at	 each	posi1on	 in	 the	 sequence,	 providing	 a	 10	 to	100-fold	 reduc1on	 in	 false	
posi1ve	rates	compared	to	published	molecular	barcoding	methods.			

		
ERASE-Seq	was	tested	using	spiked	human	DNA	mixtures	with	clinically	realis1c	DNA	input	amounts	to	detect	altera1ons	between	
0.05%	and	1%,	the	range	commonly	found	in	liquid	biopsy	samples.		Altera1ons	were	detected	with	greater	than	90%	sensi1vity	
and	a	false	posi1ve	rate	below	0.3	calls	per	10,000	possible	altera1ons.		The	approach	represents	a	significant	performance	
improvement	with	respect	to	molecular	barcoding	methods	and	does	not	require	changing	molecular	reagents.		Clinical	study	
results	using	the	Spotlight	59	oncology	panel	with	the	ERASE-Seq	approach	show	consistent	performance.	

Conclusions	
ERASE-Seq	 is	 a	 versa1le	plaaorm	 for	high-resolu1on	detec1on	of	 low-frequency	DNA	variants	 that	 is	 par1cularly	 suited	 to	 the	expected	
allele	 frequencies	 found	 in	 liquid	 biopsy	 samples.	 	 Furthermore,	 ERASE-Seq	 is	 the	 first	 ultra-low	 allele	 frequency	DNA	 variant	 detec1on	
method	 that	 does	 not	 require	 the	 adop1on	 of	 molecular	 barcode	 reagents,	 making	 it	 easily	 implementable	 for	 research	 and	 clinical	
laboratories	and	adaptable	to	any	panel.	
	

The	performance	gains	observed	are	consistent	across	the	Spotlight	59	panel,	showing	the	robustness	of	ERASE-Seq.	 	Over	90%	sensi1vity	
down	 to	 AFs	 below	 0.1%	 was	 obtained	 while	 maintaining	 extremely	 low	 false	 posi1ve	 rates.	 	 Perfect	 sensi1vity	 and	 specificity	 is	
demonstrated	down	to	0.3%	allele	frequency,	at	an	average	coverage	of	20,000X.	 	The	false	posi1ve	profiles	are	highly	consistent	as	is	the	
performance	of	single	replicates.	 	The	proof-of-concept	clinical	data	demonstrates	detec1on	of	common	altera1ons	to	below	0.1%,	while	
searching	 a	 large	muta1on	 space.	 ERASE-Seq	 is	 broadly	 applicable	 and	 has	 been	 validated	 with	 three	 commercially	 available	 amplicon	
panels	to	date:	Spotlight	59	(Fluxion),	TruSight	Tumor	15	(Illumina),	and	Accel-Amplicon	56G	(Swid).		

Figure	1.	ERASE-Seq	concept	and	method.	 	 (A)	ERASE-Seq	
dis1nguishes	 true	 DNA	 variants	 from	 false	 posi1ves	 by	
sta1s1cally	 comparing	 presence	 across	 a	 series	 of	 sample	
and	 control	 technical	 replicates.	 	 False	 posi1ves	 arising	
from	 recurrent	 ar1facts	 at	 error-prone	 loci	 (blue	 squares)	
are	 eliminated	 based	 on	 their	 presence	 in	 control	
replicates.	 	 False	 posi1ves	 arising	 from	 stochas1c	 errors	
(lined	blue	squares)	are	eliminated	by	inconsistent	signal	in	
sample	 replicates.	 	 This	 allows	 highly	 precise	 detec1on	of	
true	posi1ves	(dark	blue	squares)	 in	final	variant	calls.	 	 (B)	
The	 ERASE-Seq	 molecular	 workflow	 is	 easily	 applied	 to	
amplicon	 panels	 by	 simply	 preparing	 and	 sequencing	
technical	replicates	of	sample	and	control	DNA	in	the	same	
fashion	 they	 are	 already	 being	 used.	 	 Control	 DNA	
replicates	only	need	 to	be	generated	and	sequenced	once	
and	 can	 be	 reused	 with	 subsequent	 samples.	 (C)	 The	
ERASE-Seq	 bioinforma1cs	 workflow	 begins	 with	 BAM	 file	
genera1on	 and	 processing	 of	 each	 library	 replicate.	 	 All	
base	calls	above	a	base	quality	threshold	are	used	to	create	
a	 pileup	 for	 each	 replicate.	 	 ERASE-Seq	 sodware	 converts	
the	 replicate	 pileups	 to	 a	 data	 matrix	 represen1ng	
quan1zed	 allele	 frequencies	 for	 each	 variant	 in	 each	
replicate.	 	 The	 variant	 data	 matrix	 is	 analyzed	 using	 R	 in	
order	 to	 iden1fy	 variants	 that	 are	 significantly	 enriched	 in	
sample	versus	control	sequencing	runs.	 	These	variants	are	
then	filtered	by	strand	bias	and	allele	frequency	to	produce	
a	 final	 set	 of	 low	 frequency	 soma1c	 variant	 calls	 in	 VCF	
format.		

Figure	2.	A	typical	set	of	calls	made	with	a	
tradi1onal	 low-frequency	 variant	 caller	
using	the	59-gene	Spotlight	59	NGS	panel	is	
ploged	as	a	 func1on	of	panel	posi1on	 (A).		
By	 allele	 frequency	 (AF),	 a	 significant	
number	of	variant	calls	are	made	between	
0.1	 and	 1%;	 a	 subset	 of	 these	 are	 true	
posi1ve	 calls	 that	 are	 present	 in	 this	
ana l y1ca l	 s amp l e ,	 bu t	 t hey	 a r e	
indis1nguishable	 from	 the	 noise	 present.		
(B)	ERASE-Seq	builds	a	variant	event	matrix	
and	 calculates	 a	 sta1s1cal	 significance	
score	 based	 on	 a	 fit	 to	 a	 standard	
distribu1on.		This	iden1fies	high	confidence	
calls,	despite	their	presence	at	similar	AF	to	
false	 posi1ves;	 they	 would	 not	 be	
segregated	 by	 simple	 AF	 thresholding.	 (C)	
The	 high	 confidence	 variants	 (in	 this	 case	
100%	true	posi1ves)	are	reploged	as	allele	
frequency	 vs.	 panel	 posi1on	 with	 the	 rest	
of	 the	 calls	 that	 are	 in	 fact	 background	
noise.	 (D)	 Error	 composi1on,	 showing	 the	
distribu1on	 of	 stochas1c	 errors	 and	
recurrent	 ar1facts	 in	 a	 typical	 single	
replicate	 experiment.	 (E)	 False	 posi1ve	
content	as	a	func1on	of	replicate	numbers,	
demonstra1ng	 the	 need	 for	 an	 inter-
sample	 approach	 to	 eliminate	 stochas1c	
errors.	

Figure	3.	 	Example	clinical	data	obtained	from	the	cfDNA	frac1on	of	head	and	
neck	cancer	pa1ents	show	that	 the	highly	accurate	ERASE-Seq	soma1c	variant	
calls	 correspond	 to	 muta1ons	 of	 great	 clinical	 significance.	 	 Samples	 were	
analyzed	 using	 the	 purpose-built	 Spotlight	 59	 panel	 and	 ERASE-Seq	
bioinforma1c	 pipeline.	 1-2	 variants	 were	 called	 in	 each	 sample	 and	 these	
variants	 coincide	with	 clinical	 hotspots.	 	 Below	 the	 variant	 list	we	 show	 their	
clinical	 frequency	 as	 reported	 by	 the	 The	 Cancer	 Genome	 Atlas	 and	 describe	
their	clinical	relevance.	

Table	2.	An	example	of	 the	 variant	event	matrix.	 The	data	 is	 shown	 in	matrix	
format	 (Sam	 =	 sample;	 BG	 =	 background).	 The	 three	 types	 of	 variant	 events	
detected	 are	 real	 soma1c	 variants	 (green),	 stochas1c	 errors	 (yellow),	 and	
recurrent	ar1facts	(blue).	The	ERASE-Seq	p-value	is	the	probability	that	sample	
event	 percentages	 (allele	 frequencies)	 measured	 fit	 the	 same	 distribu1on	 as	
background	 events	 at	 the	 same	 posi1on	 and	 variant.	 	 Lower	 p-values	
correspond	to	higher	confidence	scores,	and	are	used	to	call	variants.		Note	how	
drama1cally	different	p-values	are	present	for	true	posi1ves.		

D	 E	

Approach Panel Allelic 
Frequency Sensitivity False Positives / 

10kB 
Traditional Caller5 Foundation Medicine 2-5% 98% 0.25 

Molecular Barcoding6 ArcherDx 0.1-1% 72% 80 
Molecular Barcoding4 Guardant Health 0.1-1% 66% Not Reported 
Molecular Barcoding 7 QIAseq Targeted Panel 1-2% 90% 0.15 
Molecular Barcoding8 HaloPlex HS <1% Not Reported Not Reported 

Traditional Caller (LoFreq) 56G Oncology Panel 0.2-0.5% 33% 3.37 
ERASE-Seq Spotlight 59 0.1-0.5% 94% 0.1 

 Table	1.	AnalyBcal	Data	for	SensiBvity	and	Specificity.	ERASE-Seq	performance	compared	to	published	data	from	leading	 low-AF	detec1on	
methods,	including	ones	that	are	currently	used	in	cfDNA	tes1ng.		Similar	mixed	gDNA	samples	were	used.		Average	sequencing	depth	for	the	
ERASE-Seq	 samples	 is	20,000X	 (5,000X	per	 technical	 replicate;	4	 replicates).	Note	 the	 significant	 improvement	of	ERASE-Seq	over	 reported	
molecular	barcode	results.	

Spotlight 59 

HRAS	Q61L.	Amino	acid	residue	61	is	the	most	commonly	mutated	residue	in	the	
HRAS	gene	across	cancer	types.	 	RAS	family	muta1ons	at	residues	12,	13,	and	61	
lead	 to	 cons1tu1ve	 protein	 ac1va1on	 and	 corresponding	 oncogenic	 ac1vity.			
HRAS	Q61	muta1ons	are	important	diagnos1c	markers	and	also	targets	for	MEK	
and	mTOR	inhibitors		

IDH1	R132H.			IDH1	ac1va1ng	muta1ons	lead	to	oncogenesis	through	a	gain-of-
func1on	 mechanism	 in	 which	 IDH1	 aberrantly	 produces	 2-hydroxyglutarate	
(D-2HG),	 a	 metabolite	 that	 disrupts	 DNA	 repair	 and	 histone	 demethyla1on	
pathways.	 	 Over	 95%	 of	 IDH1	 oncogenic	 muta1ons	 are	 seen	 at	 amino	 acid	
residue	 132,	 which	 serves	 as	 an	 important	 diagnos1c,	 prognos1c,	 and	
therapeu1c	response	marker.	

PIK3CA	E542K.		Oncogenic	PIK3CA	variants	are	seen	across	human	cancer	types	
and	 are	 primarily	 observed	 as	 gain	 of	 func1on	 muta1ons	 at	 three	 specific	
residues:	 E542,	 E545,	 and	 H1047.	 	 Muta1ons	 at	 these	 residues	 func1on	 as	
powerful	diagnos1c	and	prognos1c	markers	and	are	also	correlated	to	increased	
therapeu1c	response	to	PI3K	pathway	inhibitors	such	as	BEZ-235	

FBXW7	R425G.	 	This	muta1on,	also	known	as	R505G	(depending	on	transcript	
annota1on),	 is	 a	 commonly	 observed	 hotspot	 muta1on	 that	 has	 been	
associated	 with	 loss	 of	 func1on	 of	 the	 tumor	 suppressor	 gene	 FBXW7	 and	
consequent	 ac1va1on	of	 the	NOTCH1	oncogenic	pathway.	 	 This	muta1on	has	
been	 shown	 to	 serve	 as	 a	 posi1ve	 prognos1c	 indicator	 in	 cancer	 survival,	
making	it	an	important	biomarker.	


