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10xGenomics 
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Fluidigm C1

DEPArray BD Genomics 
Rhapsody

Other new 
platforms

Low throughput
Tens to hundreds cells

High throughput
Thousands to millions of cells



Chip (Microfluidics) Based Single Cell Technologies

Fluidigm C1 DEPArray



Fluidigm	C₁	Single-Cell	Auto	Prep	System

Enrich
Load 

& 
Capture

Wash,
Stain & 
Image

Lyse, RT 
& 

Amplify

Fluidigm C1 Single-Cell Auto 
Prep System

Prepare 
Library Sequence Analyze

RNA-Seq on any 
Illumina System

Transfer Load Amplify 
& Detect

Gene Expression Profiling: 
BioMark System

Chips	optimized	to	isolate	cells	by	cell	size:
5-10	micron:			stem	cells	and	WBC
10-17	micron:			iPS,	progenitor	cells,	and	others
17-25	micron:			fibroblasts,	keratinocytes,	and	others

• Self-service	following	training
• OSTR	Subsidy	available	(50%)



ØImaged-based	Cell	Selection

ØUp	to	5	fluorophores			

DEPArray Technology for Rare Cell Isolation

Enrichment	

FFPE

Blood	

FNA

Bone	
marrow	
Fresh	
Frozen

Live	
cells	
Fixed	
cells	

Stained	
single	cell	
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• Culturing cells
• Whole genome amplification
• Whole genome sequencing
• Expression analysis
• Mutation and CNV analysis

NCI00079L-P39W01R0209-20170616-1
CTC recovered

cell_id = 19143
row_num = 33 ctc recovered

cell_id = 19030
row_num = 34 ctc recovered

cell_id = 18697
row_num = 35 ctc recovered

cell_id = 18619
row_num = 36 ctc recovered

cell_id = 18578
row_num = 37 ctc recovered

cell_id = 18543
row_num = 38 ctc recovered

cell_id = 18500
row_num = 39 ctc recovered

cell_id = 17626
row_num = 40 ctc recovered

cell_id = 17548
row_num = 41 ctc recovered

cell_id = 17540
row_num = 42 ctc recovered

cell_id = 17535
row_num = 43 ctc recovered
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NCI00079N-P55W08R0209-20170620-1
CTC Recovered

Group dapi_0 brightfield_1 pe_2 apc_3 dapi_pe_4 dapi_apc_5

cell_id = 32205
row_num = 1 CTC Recovered

cell_id = 32184
row_num = 2 CTC Recovered

cell_id = 32183
row_num = 3 CTC Recovered

cell_id = 31289
row_num = 4 CTC Recovered

cell_id = 31122
row_num = 5 CTC Recovered

cell_id = 30861
row_num = 6 CTC Recovered

cell_id = 30221
row_num = 7 CTC Recovered

cell_id = 30164
row_num = 8 CTC Recovered

cell_id = 30100
row_num = 9 CTC Recovered

cell_id = 29992
row_num = 10 CTC Recovered
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DEPArray™ v2 optical set-up 
The DEPArray™ v2 system allows the acquisition of images 

by using BRIGHTFIELD and up to 7 different fluorescent 

channels, 5 of which are spectrally separated. The 

standard configuration of the DEPArray™ system includes 

2 filter cubes with double emission and 1 filter cube with 

single emission (Table 1). 

Table 1: Standard configuration of DEPArray™ filter set up. 

Cube Filter Emission [nm] 

1 
DAPI 417 - 477 

PE 568.5 - 591.5 

BRIGHTFIELD - 

2 
FITC 500 - 520 

APC 661.5 - 690.5 

3 FITCsb 500 - 520 
4 Optional - 
5 Optional - 
6 Optional - 

 

The combination of double emission filter cubes is the 

following:  

        Cube 1 : DAPI, PE, BRIGHTFIELD  

        Cube 2 : FITC, APC  

In addition, the FITC filter is also provided as single 

emission to reduce spillover from PE when FITC channel is 

used in combination with PE-conjugated antibodies. The 

filter cube is the following:  

Cube 3 : FITCsb 

Three additional slots are available for customizations. 

PerCP-Cy5.5 can be added as 5
th

 fluorescent channel to 

the standard optical set-up, leaving two slots available 

(Table 2). 

Table 2: Configuration of DEPArray™ filter set-up with 
PerCP-Cy5.5. 

Cube Filter Emission [nm] 

1 
DAPI 417 - 477 

PE 568.5 - 591.5 

BRIGHTFIELD - 

2 
FITC 500 - 520 

APC 661.5 - 690.5 

3 FITCsb 500 - 520 
4 PerCP-Cy5.5 690-730 

5 Optional - 
6 Optional - 

 

 

FITC single-band 

When to use FITC single-band 
Since the excitation of FITC will partially excite also the PE 

fluorophore, the emission of FITC must be collected in a 

spectral region (500-520nm) where there is no emission 

from PE. However, when using the double filter for FITC, a 

small amount of light from PE-emission tail leaks through 

the second emission band dedicated to APC (661.5-

690.5nm). Since PE fluorophore is very bright, spillover 

from PE in dual band FITC can then become significant, 

especially when the PE-conjugated antibody targets an 

abundant protein (e.g. Cytokeratin). The FITC signal, 

possibly from a less abundant target (e.g. a cell-surface 

protein), may be then affected by the PE spillover. In 

these cases, to avoid confusion in the analysis it is 

mandatory to acquire the FITC images using the single 

band emission filter FITCsb, which minimizes spillover 

reducing it to negligible levels (Figure 1). 

The use of the FITCsb is mandatory also when using 

PerCp-Cy5.5-conjugated antibodies (see below for PerCP-

Cy5.5 details). 

 

 

 

 

 

 

Advanced Multichannel Fluorescence: Hints for DEPArray™ v2 Users 



NCI00088A-P13W15R0210-20171005-1
Vim+

cell_id = 31824
row_num = 33 Vim+

cell_id = 31816
row_num = 34 Vim+

cell_id = 31481
row_num = 35 Vim+

cell_id = 31480
row_num = 36 Vim+

cell_id = 31457
row_num = 37 Vim+

cell_id = 31384
row_num = 38 Vim+

cell_id = 31190
row_num = 39 Vim+

cell_id = 31108
row_num = 40 Vim+

cell_id = 31058
row_num = 41 Vim+

cell_id = 31017
row_num = 42 Vim+

cell_id = 30927
row_num = 43 Vim+
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CK-FITCBright-Field Vim-APC DAPI/Vim DAPI/CKDAPI

NCI00089A-P57W08R0214-20171017-1
Ker+

cell_id = 8976
row_num = 143 Ker+

cell_id = 8958
row_num = 144 Ker+

cell_id = 8824
row_num = 145 Ker+

cell_id = 8668
row_num = 146 Ker+

cell_id = 8568
row_num = 147 Ker+

cell_id = 8508
row_num = 148 Ker+

cell_id = 8337
row_num = 149 Ker+

cell_id = 8326
row_num = 150 Ker+

cell_id = 8286
row_num = 151 Ker+

cell_id = 8239
row_num = 152 Ker+

cell_id = 8227
row_num = 153 Ker+
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CK-FITCBright-Field Vim-APC DAPI/Vim DAPI/CKDAPI

DEPArray Applications
Liquid biopsy: CTCs enumeration and isolation from human and mouse models blood sample
• Progression of  disease-efficacy of  therapy-predictive biomarker
Formalin-Fixed Paraffin Embedded FFPE samples: Isolation of  pure tumor and stromal cell populations for genomic analysis
• Analysis of  sample with low tumor cellularity and resolve tumor heterogeneity
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NCI00079N-P55W08R0209-20170620-1
CTC Recovered

cell_id = 29638
row_num = 11 CTC Recovered

cell_id = 29627
row_num = 12 CTC Recovered

cell_id = 29474
row_num = 13 CTC Recovered

cell_id = 29357
row_num = 14 CTC Recovered

cell_id = 29007
row_num = 15 CTC Recovered

cell_id = 28944
row_num = 16 CTC Recovered

cell_id = 28667
row_num = 17 CTC Recovered

cell_id = 28330
row_num = 18 CTC Recovered

cell_id = 28321
row_num = 19 CTC Recovered

cell_id = 28077
row_num = 20 CTC Recovered

cell_id = 28073
row_num = 21 CTC Recovered
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NCI00089A-P57W08R0214-20171017-1
Ker+

cell_id = 17759
row_num = 22 Ker+

cell_id = 17670
row_num = 23 Ker+

cell_id = 17591
row_num = 24 Ker+

cell_id = 17468
row_num = 25 Ker+

cell_id = 17416
row_num = 26 Ker+

cell_id = 17415
row_num = 27 Ker+

cell_id = 17388
row_num = 28 Ker+

cell_id = 17354
row_num = 29 Ker+

cell_id = 17288
row_num = 30 Ker+

cell_id = 17081
row_num = 31 Ker+

cell_id = 16597
row_num = 32 Ker+
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Droplet Based Single Cell Systems

• 10xGenomics Chromium 
• Droplet based
• Process 500-10,000 cells per well
• 8 wells per cartridge
• Purchased, will be offered at the SCGF 

when open

• Illumina ddSEQ
• Droplet based
• Process 300-1,200 cells
• Tested, will wait for next 

update to see if it’s worth to 
offer as service

• Custom-Built DropSeq
• Droplet based
• Process 10,000 or more cells
• Not commercial system, 

needs lots of optimization
• Initially offered as core service
• No longer offered



MicroWell cartridge-Based, BD Rhapsody

• Single use
• Easy to load 
• 200k+ MicroWells for 
capture of cells and 
beads

9 © 2017 BD. BD and the BD Logo are trademarks of Becton, Dickinson and Company.
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BD Rhapsody workflow
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BD Rhapsody System

Pre-designed and custom base panels 
available
• Flexibility to customize panels

• New BD tools and workflows for 
RNA and protein analyses

• Simple workflow; no oils

• Re-amplification and archiving 

• Greater transcript detection 
sensitivity with targeted panels

Targeted gene 
expression assays

Sample multiplexing kit

AbSeq assays
(Digital protein quantification)

Data analysis suite
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The Benefits of a Targeted Approach

12

Higher	Sampling	Sensitivity	
Lower	detection	threshold	of	rare	transcripts	compared	to	WTA	or	3’	mRNA	Profiling	

Better	Resolution
With	higher	sensitivity,	resolve	more	rare	and	interesting	cell	populations	&	subpopulations

Economy	of	Sequencing	Budget
Save	on	experimental	cost	by	using	sequencing	reads	for	genes	that	matter
100,000	reads/cell	x	10,000	cells=1,000,000,000	reads,	a	few	HiSeq lanes

Simplify	Analysis
Smaller	datasets	mean	easier	alignment	and	fewer	issues	with	rRNA and	highly	expressed	species
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Custom & Supplemental Panels

13

Routine analysis
• Low cost per sample
• High sample numbers
• Improved sensitivity

Fixed panel

Fixed panel

OPTION 1

OPTION 2

Supplemental
(up to 100 targets)

+

OPTION 3
Full Custom Panel
(up to 500 targets)

Discovery
• Small sample numbers
• High cost per experiment

BD Rhapsody

Whole transcriptome data
• Bulk RNA-seq

• Gene expression microarray
• Low-throughput single-cell 3’ 

RNA-seq

• High-throughput single-cell 3’ 
RNA-seq



Complete panel flexibility

~400 targets selected and wet lab validated

• Breast cancer – Oncology

• T-cell Expression

• Immune response panels

14

Pre-designed panels

In Development
Immune-Oncology and Oncology
Developmental Biology/IPS, Neurobiology
Panels of thousands of targets
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Power of single cell analysis

15

Monocytes, 38%

T (CD4 naïve) 
20%

B (IGLC) 
5.8%

T (CD8 naïve)
4.2%

NK, 
8.5%

Mast 0.1%

T (CD8 eff)
5.8%

T (Gamma delta)
0.2%

T (CD8 mem)
1.4%

T-reg
0.4%

T-(CD4, mem)
0.4%

Monocytes
non-classical 5.7%

Monocytes, 38%

B (IGKC) 
6.5%

B (IGLC) 
5.8%

Mast 0.1%

NK, 
8.5%

T-Cells

10,000	PBMCs	–Healthy	Donor

Immune	Response	Panel	(399)
CD	marker	 52	
Cell	type-specific	marker	 44	
Immunoglobulin	 14	
Interleukin	 33	
Chemokine/chemokine	receptor	
cytokine/cytokine	receptor
Other*	 196

~10,000	reads	per	cell

60
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Power of single cell analysis
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Monocytes, 38%

T (CD4 naïve) 
20%

B (IGLC) 
5.8%

T (CD8 naïve)
4.2%

NK, 
8.5%

Mast 0.1%

T (CD8 eff)
5.8%

T (Gamma delta)
0.2%

T (CD8 mem)
1.4%

T-reg
0.4%

T-(CD4, mem)
0.4%

Monocytes
non-classical 5.7%

Monocytes, 38%

B (IGKC) 
6.5%

B (IGLC) 
5.8%

Mast 0.1%

NK, 
8.5%

T (CD8 mem)
1.4%

T-(CD4, mem)
0.4%

T (Gamma delta)
0.2% T (CD8 eff)

5.8%

T-reg,  0.4%

T-reg,  0.4%

T (CD4 naïve) 
20%

T (CD8 naïve)
4.2%

10,000	PBMCs	–Healthy	Donor

Immune	Response	Panel	(399)
CD	marker	 52	
Cell	type-specific	marker	 44	
Immunoglobulin	 14	
Interleukin	 33	
Chemokine/chemokine	receptor	
cytokine/cytokine	receptor
Other*	 196

~10,000	reads	per	cell
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AbSeq: Simultaneous RNA and Protein

17

Cell	capture
BD	Rhapsody

Illumina-compatible
sequencing	libraries

mRNA

Cells

Antibodies	+	oligos	(AbO)

Tag	Cells	with	AbO

Protein-specific	tags

cDNA	libraries



BD Developed Applications
• Sample Multiplexing

• Simultaneous RNA + Protein
• High parameter proteomics
• Combined with mRNA profiling
• Simple workflow

Antibody-Oligo Construct

AbO	Conjugate



Simple and Fast Workflow

Single Cell Sample Multiplexing

Spl 2 Spl 3

Sample	A Sample	B Sample	C

Tag	Cells	

Sample-specific	
barcode

Single	Cell	Capture
BD	Rhapsody

++ Or	other	
SC	Systems

• Sample Multiplexing
• Single Ab reagent
• 12 sample-specific oligos 
• Standardized results and supply

• Robust Doublet detection
• Informatics tool parse seq. data
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• BD’s validated antibody portfolio
– Broad range of specificities

– Currently validating larger panels

• High quality reagent supply
– Clean, efficient data

• Optimized library prep assay

• Standardized barcode design
– Simplified bioinformatics and analysis

Simultaneous RNA and Protein 
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AbSeq allows detection of genes 
difficult to detect by 3’RNA seq assays
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CD45RO (Memory T-cell marker) CD45RA (Naïve T-cell marker) CD19 (Pan B-cell marker)

BD AbSeq allows detection of targets that are not in Rhapsody panel due to:
1. Low mRNA expression
2. Splice variants with splice sites away from the 3’ end 

2121 For	Research	use	only.
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• Contact:

– OSTR:  Dr. David Goldstein, Dr. Mariam Malik

– GTL:  Dr. Xiaolin Wu

– SF: Dr. Monika Mehta, Bao Tran

– GC: Dr. Liz Conner

– Informatics: Vishal Korpade (CCBR), Dr. Maggie Cam (CCBR), Dr. Yongmei Zhao (SF), 

• In the near future, when the facility is up and running with additional staff, 
single contact (to be announced):

CCRSingleCell@mail.nih.gov

SCAF is here to help you with your 
single cell experiments!


