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Resolve biological complexities with single cell solutions
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Instruments Microfluidic Partitioning & Barcoding Spatial Barcoding

Analysis Software Visualization SoftwareNovel Assays & Biochemistry

10x develops tools to resolve complexity
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10x Innovation Engine

2015 2016 2017 2018 2019 2020 ...
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Chromium Single Cell Gene Expression workflow 

Chromium Controller
and consumables

Analysis and 
visualization software

Less than 25% of customers 
own a DNA sequencer

Next generation 
sequencer

Sample

Cell Ranger and Loupe Browser 
• Generate gene-cell matrix
• Evaluate actionable QC metrics
• Explore, annotate cell clusters
• Compare multiple samples

Chromium Controller and 
Single Cell Gene Expression Reagents
• Gel Bead and Library Reagents
• Feature Barcoding Library Kit
• Chip and Sample Indexes
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The 10x technology 
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Single Cell Gene Expression with Feature Barcode 
technology
Feature Barcode technology Enabled via Single Cell 3′ Gel Beads

i. TruSeq Read 1
22 nt Partial Illumina TruSeq Read 1 

sequence 

ii. 10x Barcode
16 nt 10x Barcode
~3.6 M defined barcode sequences

iii. UMI
12 nt Unique Molecular Identifier

iv. Poly(dT)VN
30 nt Poly(dT) sequence
Enables capture of poly-adenylated mRNA 
molecules
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Cell Type Congruency in Organoids and Fetal Kidney Affirms 
the Fidelity of Human Kidney Organoids as Models

• Two scRNA-seq organoid datasets were integrated 
and compared to the publicly available human fetal 
kidney dataset (Lindstrom et al., 2018)

• Differential gene expression analysis of clustered 
cells reveals conservation for key stromal, 
endothelial, and nephron cell-type specific markers

Stroma (C0, C1, C2, C3, C9)

Endothelium (C4)

Cell cycle (C5, C8)

Committing nephron progenitor (C6)

Podocyte (C7, C15)

Nephron (C10)

Glial (C11)

Immune (C12)

Blood (C13)

Neural progenitor (C14)

11,115 cells Fetal kidney
(3,178 cells)

Organoids 
(7,937 cells)

t_SNE1

t_
SN

E2

Stroma

Nephron

Endothelial

Cell cycle

Other

DOI: https://doi.org/10.1186/s13073-019-0615-0
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Single-cell transcriptomic analysis of Alzheimer’s 
Disease 

• Authors used the Chromium Single Cell 3’ 
Gene Expression System to profile 
transcriptional signatures of ~80k nuclei 
across 6 major cell types.

• Differential gene expression disease-
associated perturbations were largely cell-type 
specific, specifically at early stages.

• Single cell transcriptomic profiling resolution 
unmasked differential expression profiles with 
opposite directionality in different cell types.

https://doi.org/10.1038/s41586-019-1195-2
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Introduction to Feature Barcode technology
Simultaneously measure mRNA-based gene expression and CRISPR screening

+ Cell Surface Protein + CRISPR Screening
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I

Detect multiple analytes with Feature Barcode 
technology
Direct capture of gene expression and barcoded CRISPR / Cas9 sgRNAs using a 
single Gel Bead

gRNA
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How CRISPR is being leveraged in cancer 
immunotherapy

• A method for genome-wide CRISPR screens in 
primary human T cells

• Screens identify regulators of T cell stimulation 
and immunosuppression

• Candidate hits can boost T cell activation 
and in vitro cancer cell killing

• Pooled perturbations with Single Cell RNA-seq 
validated affected gene programs

DOI: https://doi.org/10.1016/j.cell.2018.10.024
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Introducing Single Cell Immune Profiling v2

Gene Expression
Up to 60% Higher sensitivity

Targeted Gene Expression
Higher on-target reads

Library preparation 
Dual Indexed library

V(D)J
Up to 30% Higher detection rate
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Cell Ranger 4.0
Faster turnaround time

Up to
4X

faster
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NATURE REVIEWS | CANCER VOLUME 4 | JANUARY 2004 | 1 3

R E V I EW S

healing.However,defective cell-mediated immunity also
has a crucial role, as IFN-γ can upregulate MHC class I
expression in the tumour and therefore enhance its
IMMUNOGENICITY32. Mice that lacked T and B cells —
because of a deletion in the Rag2 protein, which is
required for the rearrangement of T-cell and B-cell
receptors during lymphocyte development — or that
lacked important mediators of lymphocyte cytotoxicity
such as γδ T cells, perforin or TNF-related apoptosis-
inducing ligand (Trail) similarly manifested an increased
susceptibility to methycholanthrene treatment32–37.
Moreover, tumours from immunodeficient hosts, but
not immune competent hosts, were efficiently rejected
after transplantation into wild-type animals, revealing an
increased sensitivity of the tumours to cell-mediated
recognition and cytotoxicity by the immune system of
wild-type animals32.

Immunodeficiency and spontaneous tumours. To test
whether host immunity could also suppress spon-
taneous cancers, several investigators delineated 
the incidence of tumours in aged immunodeficient
mice (TABLE 1). Smyth and colleagues reported 
that perforin-knockout and, to a greater extent, per-
forin/Ifn-γ double-knockout mice succumbed to 
disseminated lymphomas38,39. Analogous to the
chemically induced tumours from immunodeficient
hosts, these neoplasms were readily eliminated fol-
lowing transplantation into wild-type mice through a
mechanism that involved CD8+ T cells. Similarly,

Chemical carcinogens. The characterization of cancer-
specific antigens together with the prognostic importance
of dense intratumoral lymphocyte infiltrates indicates
that some attempt is made by the immune system to
impede tumour growth. To delineate a potential role for
cytokines in inhibiting tumour formation, several
groups examined the susceptibility of immunodeficient
mice to chemical carcinogens (TABLE 1). Schreiber and
others demonstrated that, compared with wild-type
controls, mice with impaired interferon-γ (Ifn-γ) func-
tion had an increased susceptibility to the polycyclic
hydrocarbon methylcholanthrene, as measured by a
higher frequency of tumour formation and a shorter
period of tumour latency27–29. IFN-γ, a cytokine that is
produced by T cells, NK cells, NKT cells and, to a lesser
extent, DCs and macrophages, was previously shown to
mediate pleiotropic effects in the innate and adaptive
response to infection30.A comparable sensitivity to car-
cinogens was detected in mice that are deficient in Ifn-γ,
Ifn-γ receptor (Ifn-γr) or Stat1, a transcription factor
that is crucial for Ifn-γ signalling. Mice that lacked the
p40 subunit of interleukin (Il)-12 and Il-23, two
cytokines that stimulate Ifn-γ production, and mice that
lacked NKT cells, a key source of Ifn-γ, also developed
more tumours in response to chemical carcinogens than
normal mice31.

The mechanisms by which IFN-γdeficiency promotes
increased tumour formation are probably multifactorial
and include attenuated control of target-cell growth and
apoptosis, increased angiogenesis and impaired wound

IMMUNOGENICITY
The ability of an antigen or
vaccine to stimulate an immune
response.

B cell

T cell

Mast cell

Neutrophil

Eosinophil
Antibodies

Natural 
killer cell

Dendritic cell

Granulocytes

Complement
protein

γδ T cell

Natural
killer T cell

Macrophage

Basophil

Innate immunity
(rapid response)

Adaptive immunity
(slow response)

CD4+ 
T cell

CD8+ 
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Figure 1 | The innate and adaptive immune response. The innate immune response functions as the first line of defence against
infection. It consists of soluble factors, such as complement proteins, and diverse cellular components including granulocytes
(basophils, eosinophils and neutrophils), mast cells, macrophages, dendritic cells and natural killer cells. The adaptive immune
response is slower to develop, but manifests as increased antigenic specificity and memory. It consists of antibodies, B cells, and
CD4+ and CD8+ T lymphocytes. Natural killer T cells and γδ T cells are cytotoxic lymphocytes that straddle the interface of innate and
adaptive immunity.

From Dranoff (2004) Nature Reviews Cancer 491), 11–22

Immune cell diversity and antigen receptor diversity
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5’ Gene Expression V(D)J clonotypes overlapped with GEX

B cells
Cd19T cells

Cd3e

Macrophages
Cd14+/Clec4d

Prf1
NK cells

Monocytes
Cd14

Ig Clonotypes

TCR Clonotypes

Assess cell type heterogeneity and the immune 
repertoire 

Mouse PBMCs
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Simultaneous Multiomic Analyses on the Same Single Cells:
Gene Expression, Adaptive Immune Receptors, Cell Surface Epitopes, and Antigens

Feature Barcode technology 
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• Peripheral Blood Mononuclear Cells (PBMCs):
• After filtering, a total of 128,096 cells were analyzed
• 10 patients divided into early-recovery stage (ERS) 

group and late-recovery stage (LRS) group
• And 5 healthy controls (HC)

• Single cell analysis reveals immune cells 
interaction characterized by increasing of a subset 
of CD14++ IL1β+ monocytes in ERS of patients

• The composition of the T and NK cells subset 
differed significantly among HCs and COVID-19 
patients, and the patients’ T cells express higher 
levels of inflammatory genes, such as, JUN, FOS, 
JUNB, KLF6

Immune cell profiling of COVID-19 patients in the recovery 
stage by single cell sequencing

DOI 10.1101/2020.03.23.20039362 
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• Percentage of plasma cells are increased 
in patients, supporting that B cells had 
experienced unique clonal VDJ 
rearrangements

• In ERS, IL-1β and M-CSF are discovered 
as novel mediators for inflammatory 
cytokine storm, and might be potential 
candidate targets in COVID-19 
treatment. In LRS, TNFSF13, TNFSF13B 
and IL4, IL18 are discovered as novel 
mediators for recovery mechanisms

• Provides the first evidence of inflammatory 
immune signature in early recovery 
stage, suggesting that the COVID-19 
patients are still vulnerable after hospital 
discharge. The identification of novel BCR 
signaling may lead to the development of 
vaccine and antibodies for the treatment

Immune cell profiling of COVID-19 patients in the recovery 
stage by single cell sequencing

DOI 10.1101/2020.03.23.20039362 
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Targeted Gene Expression

Targeted library 
Sequencing

Targeted analysis and 
visualization software*

3’ Single 
Cell Gene 
Expression

5’ Single 
Cell Gene 
Expression

Spatial 
Gene 
Expression*

Target
enrichment

Targeted 
Gene 
Expression 
library 

* Optimized protocol, support and software for targeted analysis of Spatial Gene Expression libraries coming soon

Compatible with existing 10x Genomics workflows
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Accelerate research in 4 major areas
Comprehensive pre-designed panels

Human Pan-Cancer
1,253 genes

Human Immunology
1,056 genes

Human Gene Signature
1,142 genes 

Human Neuroscience
1,186 genes

● 33 cancer types, key biomarkers, 
pathways, and cellular processes

● Profile tumor microenvironment 
and heterogeneity, and tumor 
immune status in a wide variety of 
tumors

● Covers innate and adaptive 
immunity, inflammation, and 
immuno-oncology

● Comprehensively profile the 
immune response in cells and 
tissues

● Disease and drug targets, 
including kinases, GPCRs, cell 
cycle/checkpoint genes

● Analyze the activation or 
inhibition of important signaling 
pathways, and discover 
mechanism of action of small 
molecules

● Covers neural development, 
neurogenesis, 
neurodegenerative diseases 
and neuro-oncology

● Characterize changes in gene 
expression in brain injury and 
disease
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10x Genomics Custom Panel Designer
Design add-on or fully custom panels

• Input:
• Human gene names or Ensembl IDs
• FASTA sequences for up to 10 exogenous genes

• eg. reporter alleles, viral transcripts

• Downloadable output files for:
• Ordering the custom panel

• from a 10x Genomics Compatible Partner
• Inspection of the custom panel

• via third-party genome browsers
• Data analysis

• Analysis of Targeted Gene Expression data with custom 
panels using Cell Ranger and Space Ranger*

* Optimized protocol, support and software for targeted 
analysis of Spatial Gene Expression libraries coming soon

https://cloud.10xgenomics.com
/custom-panel-designer

• Add-on panels
• Add up to 200 genes to a 10x pre-designed panel

• Fully custom panels
• 10 – 1,500 genes

https://cloud.10xgenomics.com/custom-panel-designer
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Interplay between epigenetic programs and gene 
expression 

Transcription factors 
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The Chromium Single Cell ATAC Solution

• Single nucleus GEMs undergo barcoding 
• Each Gel Bead contains oligos with a unique 10x Barcode 
• All accessible DNA fragments from an individual nucleus 

share a common 10x Barcode 

10x Barcode

P5

R1N

10x Barcode: 16 bp long
~750,000 different barcodes

Workflow Overview
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• Simultaneously profile gene expression and 
chromatin landscape from the same cell, 
across thousands of cells

• Deeply characterize cell types and states with 
linked transcriptomic and epigenomic 
analyses

• Discover new gene regulatory interactions
• Easily interpret epigenetic profiles with key 

expression markers
• Maximize precious samples with multiple 

readouts from the same cell

Chromium Single Cell Multiome ATAC + Gene 
Expression
Multiply your power of discovery
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Inferred 
Linkage

Transcriptome Chromatin 
accessibility

Single Cell 
Gene Expression 

New approach to capture transcriptomic and 
epigenomic data from the same single cell

Single Cell 
ATAC

Split 
sample

Every cell 

True 
Linkage

Dual modalities

Gene 
Expression

Open 
Chromatin
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How it works

Spacer

Redesigned gel beads combine oligos 
for capturing 3’ ends of mRNA & ATAC 
fragments

Multiome
ATAC + GEX 
Gel Beads



30© 10X GENOMICS, INC. 2020    |    FOR RESEARCH USE ONLY. NOT FOR USE IN DIAGNOSTIC PROCEDURES.

Simultaneously detect gene expression and ATAC 
profiles from single cells

10,000 
PBMCs
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G
en

e 
Ex

pr
es

si
on

 
AT

A
C

Expression 
markers 

TF motif 
accessibility 

U
M
AP
2

U
M
AP
2

U
M
AP
2

U
M
AP
2

UMAP1

UMAP1

UMAP1

UMAP1



31© 10X GENOMICS, INC. 2020    |    FOR RESEARCH USE ONLY. NOT FOR USE IN DIAGNOSTIC PROCEDURES.

Identify putative regulatory elements linked to a gene of 
interest

naive B cells
memory B cells
plasmacytoid DC
myeloid DC
non-classical mono
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10x Innovation Engine

2015 2016 2017 2018 2019 2020 ...
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Thank you! 
Our collaborators & team 10x


