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High-dimensional biology for single-cell studies
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• Introduction

• BD Rhapsody technology & multi-omics workflow

• Performance & reproducibility

• Applications

• Use case: 

– Resolving the elusive and controversial identity of innate 

lymphoid cells

Outline
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Antibody sequencing readout using conjugated 
oligonucleotide barcodes

4

Fluorophore-
conjugated Ab

AbseqTM Oligo
conjugated

Antibody 

Dye 1

D
y
e
 2DNA Barcode

DNA Barcode

DNA Barcode

DNA Barcode
DNA Barcode

DNA Barcode

DNA Barcode

DNA Barcode
DNA Barcode

DNA Barcode

DNA Barcode

DNA Barcode

DNA Barcode

DNA Barcode

DNA Barcode

DNA Barcode

DNA Barcode
DNA Barcode

DNA Barcode

DNA Barcode

DNA Barcode

DNA Barcode

BD Rhapsody™
Single Cell Analysis System
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Expression analysis of 
• 100s AbSeq Cell surface 

markers 

• Upto 20 000+ genes

SeqGeq™
Software

High parameter 
multi-dimensional 

data
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Bulk RNA 
input

Single cell input

Averaged profiles
→ Heterogeneity is masked

Single cell expression
profiles

Averaged expression levels

Resolve cellular heterogeneity

Why Single Cell analysis – Reveals differential expression 

Identify subpopulations
Reveals cell heterogeneity

Unique expression profile
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mRNA/protein expression 
not always correlated

Vogel and Marcotte, Nat Genet 2013

Resolve cellular heterogeneity: See the full picture

RNA & Protein (multi-omics) – Why both
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The combination of AbSeq with gene expression 

analysis improves cell clustering 

30 AbSeq Cell Surface markers and 399 Genes

AAAA
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• Uncover novel cell populations

• Identify biomarkers

• Discover biological insights

Why high parameter multidimensional single 
cell analysis
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BD Rhapsody Multiomics : The workflow components

BD RhapsodyTM Single-
Cell Multi-Omics

BD Rhapsody Scanner 

→Workflow QC

Electronic pipets (Gilson) 

→ Standardization

BD Rhapsody Express

→ Cartridge station
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A complete single-cell multiomics offering 

Cells & Nuclei

AbSeq

Targeted

VDJ
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Whole Transcriptome Amplification

Targeted RNA-Seq

Protein Expression Analysis

SMK Sample multiplexing
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SSeqGeq™

Software

BD RhapsodyTM

WTA and 
Targeted 
Analysis 
Pipelines

SevenBridges

BD RhapsodyTM

Single-Cell Analysis System
BD RhapsodyTM

Assays & Reagents
BD RhapsodyTM Analysis Pipelines 

& SeqGeqTM Software
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CRISPR

Immune repertoire

Immudex dCODE Dextramer®
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BD Rhapsody Workflow
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Incubate each sample
&

SMK Antibody
(1 vial per reaction)

Optionally stain with FL sorting 
antibodies

Sample Tag labelled
cells 

Optionally stain with 
Pre-titrated AbSeq antibodies

and/or 
AbSeq Immune Discovery Panel

Sort samples  
(optional)

Pool

• Capture 100-40 000 
cells/cartridge

• Gentle cell capture
• Low multiplate rate, ~10% 

at 40 000 cell load
• Large cell suspension 

volume ~600ul

BD™ Rhapsody
Workflow

Sample Preparation Illumina
Libraries

BD Supported 
Bioinformatics

BD™ FACSMelody
Sorter

AbSeq Immune Discovery Panel

BD Rhapsody workflow - overview
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BD’s oligo-conjugated antibody technologies

PROTEIN Profiling BD™ AbSeq

✓ Unique barcode conjugated to a variety of 
antibodies from BD’s portfolio

✓ Pre-titrated (25 tests/vial)-no optimization

✓ Pharmingen Flow Cytometry portfolio

BD™ Single-Cell Multiplexing Kits
Hu/Mm

12 sample-specific tags
Process  multiple samples in a cartridge

• Human: universal antibody 
• Mouse CD45
• Mouse MHC-I

Sample tag barcode
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BD® AbSeq Immune Discovery Panel, Human
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• 30 BD® AbSeq Antibodies against major 
immune markers

• Lyophilized into a single tube (5 tests/vial)
• Validated against flow and individual AbSeq

of the same clone
• Tested to work on the BD Rhapsody™

System
• Add drop-ins

Achieve high parameter profiling
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BD Rhapsody Cartridge workflow-

For Research use only.

Load up to 
40,000 

Cells/cartridge

Monitor and QC

✓ ✓ ✓



BD, the BD Logo, FACSMelody, FACSymphony, FACSAria and Rhapsody are trademarks of Becton, Dickinson and Company or its affiliates. All other trademarks are 
the property of their respective owners. © 2019 BD. All rights reserved.

16

cDNA Synthesis on bead
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Superior capture rate for various cell types
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Cell type Tissue Sample prep 

Live cells
loaded to 
cartridge*

Cartridge Capture 
rate**

CAR-T cells Blood Cell in-house manufacturing 25,000 72%

Mesenchymal stem cells (MSC) Fatty tissue
Frozen, ON grown and trypsinised 

cells 25,000 73%

Tumor xenograft Head and neck cancer
Dissociated tumor on Mice (PDX -

paw) 25,000 67%

Total CD4+ T cells Blood
Magnetic isolation (negative 
selection of total CD4 T cells) 25,000 74%

CD45+ immune cells Duodenal biopsies FACS sorted 25,000 68%

FACS sorted NK and T cell subsets Blood FACS sorted 15,000 66%

MSC (cyropreserved) Cell lines Cryopreserved 11,443 80%

iPSC, Adipocyte (primary fresh), GABA 
Neurons (cell line), Hepatocytes (primary) Primary cells/Cell lines Live/Cryopreserved 22,885 60%

Myeloma cell lines Cell lines Flask grown 11,000 73%

*Based on hemocytometer cell counts
**Capture rate = # of wells with viable cells and a bead/live cells loaded to cartridge

# of wells with viable cells and a bead is good estimation of the number of cells that could be
recovered in sequencing
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High correlation between cell types seen with the BD 
Rhapsody™ System and those seen using flow cytometry
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extracted
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Consistent performance with pre-formed microwell 

partitions
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Scanner for workflow QC
No need to fly blind, confidence with every experiment

Metrics before loading cell
in cartridge
- Cell concentration of

sample 
- % Viable cells

Metrics during the cartridge 
workflow
- # of captured single cells 

with bead
- # of multiplets
- Bead loading
- Bead retrival

Visual Workflow QC with 
Every Step

Estimate Cells Expected 
from Sequencing 

See Before You Commit 
to Sequencing budget

Troubleshooting and 
Optimization
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BD Rhapsody Bioinformatics

FastQ

.csv File
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Secondary analysis

1
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BD Rhapsody workflow summary
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Expanded Applications
Gene expression:

1) Whole Transcriptome
2) Targeted (Panels)

Protein profiling:
Quantifiy up to 100 cell

surface proteins with AbSeq

VDJ: 
TCR & BCR profiling, covering

all receptor chains (CDR3)

IMMUDEX®  dCODETM

Antigen specificity (CD4 T cells, 
CD8 T cells)

DC CD8+
T cell

Modified from: CD4+ T cell help in cancer immunology and immunotherapy; Borst et al. 2018
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Gene expression profiling - Rhapsody Strategy

WTA
Increased sensitivity

Improved Resolution

Economy of Sequencing Budget

Simplified Analysis

Benefit

Exploratory:
WTA

WTA

Focussed:
Targeted
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Targeted RNAseq on the BD Rhapsody

Targeted @ 10,000 reads/cellWTA @ 50,000 reads/cell

From Mair et al., Cell Reports 31; 2020

Targeted @ 2,000 reads/cell
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Targeted sequencing strategy

Discovery
• Small sample numbers
• High cost per experiment

Fixed panel, 
(per 4 cartridges)

Fixed panel

OPTION 1

OPTION 2

Supplemental
(up to 100 targets)

+

OPTION 3

Full Custom Panel, 
(up to 500 targets)

For Research use only.

Fixed panels
- Immune Response, Hu
- Immune Response, Ms
- T-Cell Gene Expression
- BC-onco

https://eur04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fscomix.bd.com%2Fhc%2Farticle_attachments%2F360040502271%2F23-21093-00_BD_Immune_Response_Targeted_Panel_Human_Gene_List.pdf&data=02%7C01%7Cy.vegting%40amsterdamumc.nl%7C3b82f9a308014c08520408d833b48f26%7C68dfab1a11bb4cc6beb528d756984fb6%7C0%7C1%7C637316198431026126&sdata=VA2LWkRAmTRezppeg2dFEQHPT7F3F9oP%2FSjXcBXHlIQ%3D&reserved=0
https://eur04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fscomix.bd.com%2Fhc%2Farticle_attachments%2F360040502251%2F23-21094-00_BD_Immune_Response_Targeted_Panel_Mouse_Gene_List.pdf&data=02%7C01%7Cy.vegting%40amsterdamumc.nl%7C3b82f9a308014c08520408d833b48f26%7C68dfab1a11bb4cc6beb528d756984fb6%7C0%7C1%7C637316198431036081&sdata=lmwUQ6p%2FcPg6SDYlUlu0wRFLFsd8PXMXOgplkaGAs%2BY%3D&reserved=0
https://eur04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fscomix.bd.com%2Fhc%2Farticle_attachments%2F360040502291%2F23-21096-00_BD_T-Cell_Targeted_Panel_Human_Gene_Panel_List.pdf&data=02%7C01%7Cy.vegting%40amsterdamumc.nl%7C3b82f9a308014c08520408d833b48f26%7C68dfab1a11bb4cc6beb528d756984fb6%7C0%7C1%7C637316198431016171&sdata=%2FsfB7Q4keFVhwNZwKK3JKLnk6gtY%2F2lxnW7vAQYW8m0%3D&reserved=0
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abseqapp.shiny.embl.de

High expression
Medium expression
Low expression

The BD Rhapsody as a screening tool for Flow Cytometry
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- VDJ Clonatyping

29

Rhapsody Applications
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BD Rhapsody Cartridge workflow- VDJ CDR3 
Clonatyping

For Research use only.

Load up to 
20,000 cells

Monitor and QC

✓ ✓ ✓
Decision point
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VDJ CDR3 Workflow - Targeted

New synthetic poly-A tail is added on 
cDNA 3’ end via template switching 
with a poly-T TSO (template switching 
oligo)

Synthetic poly-A tail on cDNA 3’ end 
hybridizes to poly-T on its own bead.

Ability to amplify from the 5’ end of 
cDNA

Addition of DNA polymerase and reagents allows 
copying of new barcodes to cDNA 3’ end 
(equivalent to mRNA 5’ end)

TSO:
GGGTTTTTT
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TCR assay: Sensitivity

90

80

70

60

50

40

30

20

10

0

CD4+ T-Cells CD8+ T-Cells Gamma Delta T-Cells

Paired chains Alpha chains Beta chains Delta chains Gamma chains

90

80

70

60

50

40

30

20

10

0

90

80

70

60

50

40

30

20

10

0

%
 D

et
ec

ti
o

n

%
 D

et
ec

ti
o

n

%
 D

et
ec

ti
o

n



BD, the BD Logo, FACSMelody, FACSymphony, FACSAria and Rhapsody are trademarks of Becton, Dickinson and Company or its affiliates. All other trademarks are 
the property of their respective owners. © 2019 BD. All rights reserved.

TCR assay: Specificity (% non-T cells with TCR CDR3)

→Highly sensitive assay, high % paired chains

→Highly specific assay with very low false positive calls
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Blood and Tissue Heterogeneous 
cell population

Discovery
Using scRNA-seq and 
validation with FACS 

Computational 
analysis

Sorting
Cell enrichment using 

flow cytometry

Adapted from Systems immunology allows a new view on human dendritic cells; Schultze, Aschenbrenner; Semin Cell Dev Biol (2018)

Informatics
Systems level profiling

Single-cell Analysis and Discovery – Enabling Deeper Insights

Blood and 
Tissue

Collection & 
Dissociation

Cell Staining
Antibodies, BD® 

AbSeq, SMK Panels, 
Dyes, & Reagents

Informatics
Flow and RNAseq

Analysis

Single-Cell Multiomics
WTA, Targeted, VDJ, 
Sample Multiplexing

Flow Cytometry
Cell Sorters and Cell 

Analyzers
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Thank you!
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Confidential—For Internal Use Only
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Questions ?

Contact us:
jens.dyekaer@bd.com

hasumati.patel@bd.com


