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Do you remember?

Does one still mention NGS in the title or abstract?
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Historical overview about single cell applications

Svensson et al Nature Protocols volume 13, pages 599–604 (2018)

Raising the bar!
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Rapid Growth in Publications

Cumulative Publications by Quarter
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People hear 10x Genomics and may think…

DNA

mRNA
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10x Genomics Chromium Single Cell Applications - Overview
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The Chromium™ System:
One Instrument, Multiple Reagent Kits and Software Applications

Single Cell CNVSingle Cell CNV

Fully integrated turnkey solutions
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Working Principle of Gelbead Emulsions (GEM)

750k Gel Beads with bar-
coded oligonucleotides 

Cells/Nuclei + 
enzymes

Oil Water droplets

•750,000 beads with different 10x 
barcodes

•All molecules (e.g. cDNA) 
generated in a droplet carry an 
identical 10x barcode

•10x barcodes enable grouping of 
molecules as derivates from the 
same droplet/cell

GEM

Cell

Enzymes

Gel Bead
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I

New Single Cell 3’ Beads
Chromium Single Cell Feature Barcoding

Any Feature
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HiSeq 2500 HiSeq 3000/4000 NovaSeqNextSeqMiSeq

Supported Sequencers

3’ Gene Expression Library

sgRNA Library

Antibody Feature Barcode Library

P5 Read 1
10x

Barcode

UMI

Poly(dT)VN Read 2
Sample
Index P7

P5
Nextera 
Read 1

Capture 
Sequence Read 2 P7

UMI

Sample
IndexProtospacer TSO

P5
Nextera 
Read 1

10x
Barcode

Capture 
Sequence Read 2 P7

Antibody
Barcode

UMI

Sample
Index

Ready to Sequence Libraries Compatible with Illumina® Sequencers

28:98, 1-10k Read Pairs

28:98, ~20-50k Read Pairs

28:98, 1-10k Read Pairs

10x
Barcode
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3’ RNA Library

sgRNA Library

Antibody FB Library

P5 Read 1
10x

Barcode

UMI

Poly(dT)VN Read 2
Sample
Index P7

All Molecules Identifiable and Quantifiable

28:98, 1-10k Read Pairs

28:98, ~20-50k Read Pairs

28:98, 1-10k Read Pairs

10x
Barcode

V(D)J Library P5 Read 1
10x

Barcode Read 2

UMI

TSO P7
Sample
IndexV        D J  C

150:150, 5k Read Pairs

P5
Nextera 
Read 1

10x
Barcode

Capture 
Sequence Read 2 P7

Antibody
Barcode

UMI

Sample
Index

P5
Nextera 
Read 1

Capture 
Sequence Read 2 P7

UMI

Sample
IndexProtospacer TSO

5’ RNA Library P5 Read 1
10x

Barcode

UMI

TSO Read 2 P7
Sample
Index

26:98, ~20-50k Read Pairs
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New Single Cell 3’ Beads
Chromium Single Cell Feature Barcoding
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Merging Phenotyping and Gene expression analysis in single cells 

Cytometry
(Flow, Mass, FACS) scRNA transcriptomics

ADT

Single Cell Protein and Expression Analysis
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CyTOF 
(Distinct Mass Isotopes)

Feature Barcoding Technology
(Distinct 15nt Barcodes)

Flow 
(Distinct Emissions) 15-20 parameters

~70 parameters

> 1 billion parameters (415)

Scale

Potential to Tag Thousands of Proteins per Cell and Combine with 
Gene Expression

What would you do in cytometry with
1,073,741,824 dyes?
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Feature Barcode UMI Counts Confirmed By Flow Cytometry
CD4 / RPAT4 CD8a / RPAT8 CD45RA/ I100 CD45RO/UCHL1

Fl
ow
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yt
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et

ry

log10(UMI+1) log10(UMI+1) log10(UMI+1) log10(UMI+1)
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PTPRC/CD45 mRNA

CD45RA TotalSeq-B

CD45RO TotalSeq-B

Naïve

Memory

Detect protein isoforms that are indistinguishable at the transcript level
(CD45RA and CD45RO) 

Refine Resolution of Sub-Populations with Protein Information
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BioLegend: Compatible Partner & TotalSeq Co-Development

•Hundreds of tagged antibodies commercially available

•TotalSeq-B antibodies compatible with Chromium Feature Barcoding 
technology (3’ RNA Assay)

•TotalSeq-C antibodies compatible with Chromium Feature Barcoding 
technology (5’ RNA Assay)

•Initial antibody release will focus on immune profiling

https://www.biolegend.com/totalseq
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Reveal Heterogeneity at Scale
Simultaneously Assess Gene Expression Heterogeneity and the Immune Repertoire

5’ Gene Expression V(D)J clonotypes overlapped with GEX

B cells
Cd19T cells

Cd3e

Macrophages
Cd14+/Clec4d

Prf1
NK cells

Monocytes
Cd14

Public data sets 
coming soon! 

Ig Clonotypes

TCR Clonotypes
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New Feature Barcode Application: Mapping TCRs to Antigens

T cellα
β

TCRMHC

Antigen-
presenting 

cell

Antigen
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T cellα
β

TCRMHC

Antigen

Feature 
Barcode

New Feature Barcode Application: Mapping TCRs to Antigens
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DeCODE™ Dextramer®

Compatible Product: Immudex’s DeCODE ™ Dextramers ®

•Combine 10x Genomics Immune Profiling 
Solution with Immudex Dextramer
Technology:
–Multiplex many MHC Dextramer 

complexes in one assay
–Scale peptide specificity 
–Study TCR-pMHC binding events at single 

cell resolution

Oligo Conjugated Dextramer 
compatible with the 5’ Assay 

Template Switch Oligo 
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DeCODE™ Dextramer®

Compatible Product: Immudex’s DeCODE ™ Dextramers ®

•Combine 10x Genomics Immune Profiling 
Solution with Immudex Dextramer
Technology:
–Multiplex many MHC Dextramer 

complexes in one assay
–Scale peptide specificity 
–Study TCR-pMHC binding events at single 

cell resolution

Oligo Conjugated Dextramer 
compatible with the 5’ Assay 

Template Switch Oligo 
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Antigen-Expanded Cells Are Detectable in a Lymphocyte 
Background

2% CMV-expanded

98% PBMC

Stain pooled cells with 
DeCODETM MHC Dextramer® 

and TotalseqTM-C ABs

Library Preparation
and Sequencing

Human PBMC
CMV seronegative

Antigen-expanded CD8+ T cells
HLA-A*0201 NLVPMVATV 
(CMV)
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Multi Feature Analysis – An Example
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Identification of T-cells with Specific Dextramer Binding Activity

Integration of orthogonal VDJ sequence data is vital for assessment & interpretation
Simple visual assessment of antigens immunogenicity
MHC multimers can be highly multiplexed (10 demonstrated here)
Allows high-throughput mapping of hundreds to thousands of peptide-MHC complexes, 
identification of rare clonotypes
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Analysis of Genome Editing Effects in Single Cells
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High-throughput Perturbation Studies Enabled via Feature Barcoding Technology
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Feature Barcoding Technology Enables Determination of Knockdown Efficiency

Fb gRNAs targeting gene 1

Fb gRNAs targeting gene 2

Fb gRNAs targeting gene 3

Fb gRNAs targeting gene 4

*

*
*

*
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Chromatin Packaging
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ATAC-seq – How it works

Abcam.com

Cell lysis

Transposase

PCR Amplification
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Chromatin Accessibility at Single Cell Resolution
Genomic Coverage Profile of GM12878 Cells

Bulk ATAC 
(50,000 cells)

Genes

Chr19 36,100,000 36,280,000

Single Cell 
ATAC        

(662 cells)

Cell1

Cell641
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Chromium Single Cell ATAC Solution Provides Complementary Data 
to Single Cell RNA-Seq 

Complementary Data

PBMCs

Single Cell ATAC
Single Cell 
RNA (5’)

Experimental Setup

PBMCs
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Analysis of Spatial Heterogeneity in Breast Cancer  

9 major clusters identified
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One more thing…
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Same Performance = Significantly Lower Sequencing Cost
Human PBMCs Mouse Embryonic Whole Heart

3’ RNA v3: Significant Improvements of Gene Sensitivity

~ 2-fold

~ 2-fold
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Same Performance = Significantly Lower Sequencing Cost
Human PBMCs Mouse Embryonic Whole Heart

-76%

-68%

Same Performance – Significantly Lower Sequencing Cost

~ 2-fold

~ 2-fold
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Next to come…
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An Analogy for Single Cell Analysis

Which colour?  
How many of each type?
But where?
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Spatial Transcriptomics – From What to Where…

Unbiased assay of poly-A positive mRNA species 
in a tissue.
Barcodes used for spatial location of in situ RNA 
expression analysis
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Library Preparation Slide
Introducing spatial barcodes to tissue derived transcripts 
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The ST Library Preparation Slide
Glass slide with array of capture probes

Capture ProbeSub-region with capture probes 

Cleavage site

Amplification + sequencing handle

Spatial barcode spot-specific ID

UMI

polyT region

5’

3’

• 1007 spots in total
• 100 µm diameter
• Millions of probes /spot
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Final Product

TruSeq Universal Adapter TruSeq Indexed Adapter

Sample Index

Spatial
barcode UMI

Read 1 Read 2
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Workflow

Histology The Array Tissue Fixation Permeabilisation

cDNA Synthesis Library Preparation NGS

https://spatialtranscriptomics.com/showcase/

Data Visualisation

https://spatialtranscriptomics.com/showcase/
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Spatial Transcriptomics

Mouse Brain Section

(H&E Stained)

Mouse Brain Section

(overlayed with ST Data)
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Inspired?
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Thank You!

Questions?

Hannes Arnold, PhD
Technical Sales Specialist, EMEA Central

hannes.arnold@10xgenomics.com

www.10xgenomics.com
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