
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	

Introduc)on	to	barcode-based	single-cell		
targeted	genome	sequencing	
	
A	 promising	 new	 approach	 for	 high-throughput	 single-cell	
sequencing	 uses	 molecular	 barcodes	 to	 tag	 the	 nucleic	 acids	 of	
individual	 cells	 confined	 to	 emulsion	 droplets.	 	 Although,	 it	 is	 now	
feasible	 to	 perform	 single-cell	 RNA-Seq	on	 thousands	 of	 cells	 using	
this	 type	 of	 approach,	 high-throughput	 single-cell	 DNA	 sequencing	
using	droplet	microfluidics	has	not	been	demonstrated	on	eukaryoCc	
cells.	 This	 is	 primarily	 due	 to	 the	 challenges	 associated	 with	
efficiently	 lysing	 cells,	 freeing	 genomic	 DNA	 from	 chromaCn	 and	
enabling	 efficient	 PCR	 amplificaCon	 in	 the	 presence	 of	 high	
concentraCons	 of	 crude	 lysate.	 To	 overcome	 these	 obstacles	 and	
enable	 the	 characterizaCon	 of	 geneCc	 diversity	 within	 cancer	 cell	
populaCons,	 we	 developed	 a	 novel	 mulC-step	 microfluidic	 droplet	
workflow	 that	 enables	 efficient	 and	 massively-parallel	 single-cell	
PCR-based	 genomic	 barcoding.	 	 The	 microfluidic	 workflow	 first	
encapsulates	individual	cells	in	droplets,	lyses	the	cells	and	prepares	
the	lysate	for	genomic	DNA	amplificaCon	using	proteases.		Following	
this	lysate	preparaCon	step,	the	proteases	are	inacCvated	with	heat	
and	 droplets	 containing	 the	 genomes	 of	 individual	 cells	 are	 then	
paired	with	molecular	barcodes	and/or	PCR	amplificaCon	reagents.		

Pla6orm	for	high	sensi)vity	genome	analysis	with	droplet	microfluidics	
Dennis	Eastburn,	Mission	Bio,	South	San	Francisco,	CA	94080,	USA	
415	513-7728,	eastburn@missionbio.com	

Single-cell	sequencing	with	molecular	barcodes	
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Single-cell	sequencing	workflow	 Targeted	single-cell	sequencing	of	62	genomic	loci	

Representa6ve	 PACS	 cancer	 cell	
spike	 in	 data.	 50	 PC3	 cells	 were	
spiked	 into	~10,000	Raji	cells	and	
sorted	 with	 the	 PACS	 single-cell	
RT-PCR	workflow.		84%	of	the	PC3	
cells	 that	 were	 spiked	 in	 were	
detected	 based	 on	 the	 presence	
of	 vimenCn	 expression	 and	 the	
exclusion	of	CD45	expression.	

Sensi)ve	detec)on	of	cells	with	PACS	

Combined	 cancer	 cell	 spike	 in	
data	demonstrates	 the	potenCal	
of	 PACS	 for	 the	 idenCficaCon	
and	analysis	of	rare	cells	

Transcriptome	 analysis	 of	 PACS-sorted	 cells.	 (a)	 Hierarchical	 clustering	 of	 the	 4461	
genes	 differenCally	 expressed	 (DE)	 between	 VIM+-sorted	 droplets	 and	 the	 Raji:PC3	
(10:1)	 starCng	 heterogeneous	 populaCon.	 The	 expression	 of	 the	 same	 4461	 genes	 in	
the	 pure	 lymphocyte	 (Raji)	 and	 prostate	 cancer	 cell	 (PC3)	 populaCons	 are	 shown	 for	
comparison.	 The	 genes	 in	 red	 were	 independently	 verified	 as	 being	 differenCally	
expressed	in	PC3	cells.	(b)	Venn	diagram	showing	the	number	of	DE	genes	in	common	
between	 prostate	 cancer	 PC3	 cells	 and	 VIM+-sorted	 material	 when	 each	 is	
independently	compared	to	the	lymphocyte	Raji	cell	line.		

PACS	capability	and	key	microfluidics	steps	

50	prostate	cancer	PC3	cells		
~10,000	B-lymphocytes	
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Overview	of	PACS	workflow	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	

Two-step	workflow	requirement	for	barcoding	

	Introduc)on	to	PCR-ac)vated	cell	sor)ng
		

PCR-acCvated	 cell	 sorCng	 (PACS)	 is	 a	 novel	 cytometry	method	 that	 uses	
single-cell	 TaqMan	 PCR	 reacCons	 performed	 in	 microfluidic	 droplets	 to	
idenCfy	and	isolate	cell	subtypes	with	high-throughput.	 	The	technology	is	
able	 to	 analyze	 more	 than	 100,000	 cells	 in	 parallel	 for	 the	 presence	 of	
specific	 combinaCons	 of	 transcripts,	 splice	 variants,	 non-coding	 RNAs	 or	
genomic	DNA	and	accurately	 sorts	 the	cell	material	 for	 further	molecular	
characterizaCon.		

Targeted	sequencing	of	bone	marrow	biopsies	

Next	genera)on	sequencing-based	detec)on	

TaqMan-based	detec)on	and	sor)ng	
RNA-Seq	on	PACS	sorted	lysate	

4-color	mul)plex	TaqMan	detec)on	and	sor)ng		

Current	capabili6es:	
•  >100,000	single-cell	reacCons	per	run	
•  4-color	TaqMan-based	sorCng	
•  Detect	transcripts,	mutaCons,	non-
coding	RNAs,	splice	variants	

•  MulCplex	anCbodies	and	PCR	targets	

Correlation of read counts (PACS sorted vs PC3) 

Cell	Sample	without	Barcodes	 Extracted	Sequences	 Sequencing	Data	

Cells	Paired	with	Barcodes	 Barcoded	Sequences	

BioinformaCcally	Grouped	
By	Barcode	

Sequencing	Data	
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Bioanalyzer	analysis	of	targeted	library	size	distribu)on	
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Gene	 Exon,	codon	or	muta)on	
ASXL1	 Exon	12	
CBL	 Exons	8-9	
DNMT3A	 R882	
EZH2	 Exons	8,	17,	18	
FLT3	 TKD,	ITD	(D835)	
GATA2	 Exons	2-6	
IDH1	 R132	
IDH2	 R140,	R172	
JAK2	 V617	
KIT	 Exon	8,	17	(D816)	
KRAS	 G12	

NPM1	 Exon	11-12	
NRAS	 Exons	2-3	(codons	12,	13,	61)	
PTPN11	 Exons	2,	3,	4,	7,	8,	12,	and	13	
RAD21	 I108,	A410,	R478,	I620	
RUNX1	 Exons	3,4,8	
SF3B1	 Exons	13-15,	17	
SRSF2	 Exon	1	
STAG2	 R1033,A733,C772,R1131,R617	
TET2	 Exons	3,9-11	
TP53	 Exons	6-8	
U2AF1	 Exons	2,	6	
WT1	 Exons	7-9	

Single-cell	sequencing	coverage	of	targeted	loci	

Ley, T. et al., NEJM (2013) 368(22)   

23	most	commonly	mutated		
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4,822	 4,795	 4,037	 Number	of	genotyped	cells	
63%	 85%	 76%	 Reads	mapping	to	cells	

21.7	x	106	 31.9	x	106	 24.5	x	106	 Avg.	number	reads	per	cell	
2.80%	 5.30%	 8.40%	 Average	allele	dropout	rate	

	
	
	
	
	
	
	
	
	
	

	
	

•  Pla6orm	can	be	configured	for	almost	any	cell	type	
•  Up	to	100	targets	(250	bp	amplicons)	
•  High	sensi)vity	detec)on		
•  5,000-10,000	cell	throughput	per	run	

Looking	for	targeted	assays	to	detect	gene)c	engineering!	
	


