
Single-cell Sequencing Platforms
UC Davis Single Cell Analysis Workshop 

Eric Chow, UCSF Center for Advanced Technology 
December 18, 2017



Methods covered today
• Plate based Smart-seq 
• DropSeq  
• SCI-seq 
• 10X Genomics 
• BioRad Illumina ddSEQ 
• BD Precise/Resolve 
• Wafergen/Takara ICell8 
• Scienion/Cellenion



Methods not covered
• CEL-seq 

• SPLIT-seq 

• inDrops 

• STRT-seq 

• Many others 

• Useful resource: https://teichlab.github.io/scg_lib_structs/



Illumina Sequencing

• Not single molecule! ~1000 copies per spot 

• Reads limited to 100-300 bases 

• Get tons of reads -> good for counting



Illumina sequencing
Workflow A
The chemistry applied to the Index 2 Read duringa paired-end dual-indexed run on theNovaSeq, MiSeq, HiSeq
2500, or HiSeq 2000 is specific to the paired-end flow cell. Sevenadditional chemistry-only cycles are required
to read the i5 index. This step uses the resynthesis mix, a paired-end reagent, during the Index 2 Read process.

Figure 2 Dual-Indexed Sequencing on a Paired-End Flow Cell (Workflow A)

1 Read 1—Read 1 follows the standard Read 1 sequencing protocol usingSBS reagents. TheRead 1
sequencing primer is annealed to the template strand during the cluster generation step.

2 Index Read preparation—TheRead 1 product is removed and the Index 1 (i7) sequencing primer is
annealed to the same template strand.

3 Index 1 (i7) Read—Following Index Read preparation, the Index 1 (i7) Read performs up to 20 cycles of
sequencing.

NOTE
The number of cycles in each Index Read depends on the system and run parameters.

4 Index 2 (i5) Read—The Index 1 (i7) Read product is removedand the template anneals to the graftedP5
primer on the surface of the flow cell. The run proceeds through an additional 7 chemistry-only cycles (no
imagingoccurs), followed by up to 20 cycles of sequencing.

5 Read 2 resynthesis—The Index Read product is removed and the original templatestrand is used to
regenerate the complementary strand. Then, the original template strand is removed to allow hybridization of
theRead 2 sequencing primer.

6 Read 2—Read 2 follows the standard paired-end sequencing protocol using SBS reagents.

Workflow B
A dual-indexed sequencing run on theMiniSeq, NextSeq, HiSeq 4000, or HiSeq3000 performs the Index 2 Read
after the Read 2 resynthesis step. This workflow requires a reversecomplement of the Index 2 (i5) primer
sequencecompared to the primer sequence used on other Illumina platforms.

The Index 2 sequencing primer is part of the dual-indexingprimer mix forMiniSeq andNextSeq. For the HiSeq,
the Index 2 sequencing primer is part of HP14, an indexingprimer mix that contains primers for both index reads.
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Plate-based SMART-seq



DropSeq

Read 1: only 20 bases of diversity.

Double Poisson



Poisson distribution
• 1/10 droplets contain a bead 

• 1/20 droplets contain a cell (~5% doublet rate)

Traditional methods of single cell isolation consisted in 
limiting dilution approaches where highly diluted cell 
suspension are split in a large number of small aliquots. In 
such approaches, cells’ distribution follows Poisson 
distribution.

How do you isolate single cells ?
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PDMS alternative
• Dolomite Bio sells a system that uses glass chips and pressure pumps 
• Easier than PDMS but system costs more 
• Chips can be connected to syringe pumps 
• Sample loop for beads, no need for stirrer 

Easy creation of single cell lib
raries for high throughput sequencing

chip
s

highest quality

standards

simple and robust creation of single cell 

libraries



10X Genomics

• ~10-12K cells/lane 
• Higher Cost ($20K for 16 preps) 
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Fig. 2. Schematic of a fragment from a final Chromium™ Single Cell 3’ v2 library. *Can be adjusted. 
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Fig. 3. Schematic of assay scheme for Chromium Single Cell 3’ v2 library preparation.  

 

Figure 4 provides a detailed description of the library preparation workflow. Individual protocol steps that are 
listed in Figure 4 refer to the Chromium Single Cell 3’ Reagent Kits v2 User Guide (CG00052). 

 

CONCLUSION 

We have presented a detailed description of the assay configuration for Chromium Single Cell 3’ v2 libraries. 
Individual steps during library construction outlined here provide additional insight and may serve as a 
reference to customize the library preparation workflow (e.g. targeted cDNA enrichment). 

 
 
 
 
 
 

REFERENCES 

• Chromium™ Single Cell 3’ Reagent Kits v2 User Guide (CG00052) 

 



10X 5’ and TCR/BCR kits
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TECHNICAL NOTE 
Assay Scheme and Configuration of Chromium™ 
Single Cell V(D)J Libraries  

INTRODUCTION 

The Chromium™ Single Cell V(D)J Protocol (CG000086) produces Single Cell V(D)J libraries ready for Illumina® 
sequencing. During library preparation, sequence components essential for Illumina sequencing and 
downstream data analysis are incorporated into the final library construct. The sequence components are 
introduced via the 10x™ Gel Beads and during the library preparation steps of the workflow.  

Each Gel Bead contains millions of oligo primers that are comprised of the following sequences (Figure 1):  

             

 

 

 

10x Genomics technology is based on the partitioning of samples and reagents into droplets, each called a Gel 
Bead in Emulsion (GEM). Once partitioned, the Gel Bead dissolves and its oligo primers are released into the 
aqueous environment of the GEM. The cell captured in the GEM is also lysed. The contents of the GEM (oligos, 
lysed cell components and Master Mix that contains the Poly-dT RT primer) are incubated in an RT reaction to 
generate full-length, barcoded cDNA from the poly A-tailed mRNA transcripts. The reverse transcriptase 
incorporates the Gel Bead oligo (and 10x Barcode) via a template switching reaction at the 5’ end of the 
transcript. The GEMs are then “broken”, pooling single-stranded, barcoded cDNA molecules from every cell. A 
bulk PCR-amplification enriches for barcoded, full-length V(D)J segments from T Cell Receptor (TCR) cDNA. 
Enzymatic Fragmentation and size selection are used to generate variable length fragments that collectively 
span the V(D)J segments of the enriched TCRs. An Illumina P5 sequence is added during Target Enrichment, 
Read 2 is added during Adapter Ligation, and Illumina P7 and sample index sequences are added during Sample 
Index PCR. The final library fragments contain P5, P7, Read 1 and Read 2 sequences used in Illumina bridge 
amplification and sequencing. Additionally, each fragment contains a Switch Oligo sequence and a 10x Barcode, 
UMI and V(D)J insert sequence used for data analysis (Figure 2). An overview of the Single Cell V(D)J assay 
scheme and how individual sequence components are incorporated during library construction is presented in 
Figure 3. 

 

  

i. Partial Illumina Read 1 sequence (22 nucleotides (nt)) 
ii. 16 nt 10x™ Barcode 

iii. 10 nt Unique Molecular Identifier (UMI) 
iv. 13 nt Switch Oligo 

Fig. 1. Schematic of a SC V(D)J Gel Bead oligo primer. 
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Fig. 2. Schematic of a fragment from a final Chromium™ Single Cell V(D)J library. 
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Fig. 3. Schematic of assay scheme for Chromium Single Cell V(D)J library preparation. Fragmentation occurs through the length of the V(D)JC 
gene segments. Only fragmented products that contain the C region are shown for simplicity.  

 

Figure 4 provides a detailed description of the library preparation workflow. Individual protocol steps that are 
listed in Figure 4 refer to the Chromium Single Cell V(D)J Reagent Kits User Guide (CG000086). TSO = Template 
Switch Oligo. 

 

CONCLUSION 

We have presented a detailed description of the assay configuration for Chromium Single Cell V(D)J libraries. 
Individual steps during library construction outlined here provide additional insight and may serve as a 
reference to customize the library preparation workflow. 

 

REFERENCES 

• Chromium™ Single Cell V(D)J Reagent Kits User Guide (CG000086) 
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SCI-seq
• Single-cell Combinatorial Indexing 

• In situ reactions that add barcodes  

• Split pooling in between each step 

• Many flavors: RNA-seq, ATAC-seq, Hi-C…



SCI-RNA-seq
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SCI-seq scales non-linearly
• In most other platforms, 

increasing number of reactions 
scales linearly. 

• With SCI-seq, increase is non-
linear. 

• Going from 2 ->3 barcodes 
further increases combinations. 
Barcoded Nextera or SSS step.

Barcode Combinations
1 96 384 1536

96 9,216 36,864 147,456
384 36,864 147,456 589,824

1536 147,456 589,824 2,359,296

96 96 384 1536
96 1 4 14

384 4 14 57
1536 14 57 226

384 96 384 1536
96 4 14 57

384 14 57 226
1536 57 226 906



BioRad/Illumina ddSEQ
• 4 independent lanes on chip ~300-400 

cells/lane 
• Possible better capture 
• 68 base Read 1 for cell barcode and UMI.  
• 75 base Read 2 
• Double Poisson 
• 5.8% doublet with 1300 cell prep 
• Basespace analysis + FlowJo app

25 

SureCell™	WTA	3’	Library	Prep	Kit	for	the	ddSEQ™	System 

●  Single cell encapsulation   
with the ddSEQ™ Single-
Cell Isolator 

●  Modified Nextera® 
Library prep 

●  Sensitive assay chemistry 
without pre-amplification 

For Research Use Only. Not for use in diagnostic procedures. 

Microspheres

Cells



BD Precise and Resolve
• Precise - plate-based format with beads 

• Low Read 1 diversity after 16 bases (8 base cell/UMI) 
• Resolve - Bead and cell settling in microwells.  

• Potentially thousands to tens of thousands of cells  
• Also has read 1 diversity issues.

we tested individual Ramos cells using a sensitive
molecular indexing technique (15) and determined
an average of 214 T 36 (SE) GAPDH transcripts
per cell. These results were comparable to the
152 T 10 (SE) copies yielded by CytoSeq. Further,
we compared CytoSeq measurements with bulk
RNA-seqdata of ~20millionRamos cells obtained
from Sultan et al. (23). We observed a high cor-
relation of gene expression levels (R2 = 0.946)
across three orders of magnitude (fig. S4).

Dissecting human PBMCs

Most biological samples, such as blood, contain
diverse populations of numerous cell types and
states with subtle differences in gene expression
profiles. We applied CytoSeq to identify all the
major cell types in human peripheral blood
mononuclear cells (PBMCs), including mono-
cytes, natural killer (NK) cells, and the different
T and B cell subsets. Unlike traditional immu-
nophenotyping that is limited mostly to surface
protein markers, we included 98 genes for cyto-
kines, transcription factors, and intracellular pro-
teins of various cellular functions in addition to
surface proteins (table S1C). We analyzed the dig-
ital gene expression profile of 632 PBMCs (Fig. 3
and fig. S5). The first PC separated monocytes
and lymphocytes into two orthogonal clusters
by the expression of CD14, CD16a, S100A12, and
CCR2 in one cluster and lymphocyte-associated
genes in the other. Subtypes of lymphocytes were
located in a continuum along the second PC,
with B cells [expressing immunoglobulins M and
D (IgM, IgD), TCL1A, CD20, CD24, and PAX5) at
one end, naïve T cells (expressing CD4, CCR7, and

CD62L]) in the middle, and cytotoxic T cells
(expressing CD8A, CD8B, EOMES, and PRF1) at
the other end. Natural killer cells expressing killer-
like immunoglobulin receptor (KIR), CD16a, and
perforin (PRF1) were localized in the space be-
tween monocytes and cytotoxic T cells. We also
observed that GAPDH, an enzyme involved in
cellular metabolism, was expressed at highest lev-
els in monocytes and lowest in B cells. Correlation
analysis of gene expression profiles reiterated
observations with PCA and revealed additional
smaller subsets of cells within each major cell type
(fig. S6). A replicate experiment with PBMCs from
the same individual using 731 cells yielded sim-
ilar segregation and cell type frequencies (fig. S7).

Measuring heterogeneity in activated T cells

When measurements are performed on a bulk
sample, the observed gene expression levels can-
not be assigned to individual cells, and large
expression changes from a small number of
cells cannot be distinguished from small changes
in a large number of cells. The overall gene ex-
pression pattern is therefore dependent on the
cell composition and the expression level of each
gene in each cell type or subtype. To illustrate,
we studied the variability of response of human
T cells to an in vitro stimulus.
CD3+ T cells, isolated by negative selection

from a blood donor, were stimulated with anti-
bodies to CD28 and CD3 for 6 hours and analyzed
byCytoSeq. A separate sample of unstimulated cells
was also tested. Expression of a panel of 93 genes
(table S1D) that included surface proteins, cyto-
kines, and effector molecules expressed by differ-

ent T cell subsets was measured (24–26). A total
of 3517 and 1478 cells were analyzed for the
stimulated andunstimulated samples, respectively.
In the unstimulated sample, PCA analysis re-

vealed two major subsets of cells. Examination
of the genes enriched showed that one subset
represented cytotoxic T cells with expression of
CD8A, CD8B, NKG2D, GZMA, GZMH, GZMK, and
EOMES, and the other subset represented helper
T cells with expression of CD4, CCR7, and SELL
(Fig. 4A and fig. S8).
In the stimulated sample, two branches of cells

were observed on the PCAplot (Fig. 4B and fig. S9).
The first principal component represented cellu-
lar response in terms of IRF4, gamma interferon
(IFNG), CD69, tumor necrosis factor (TNF), and
GAPDH expression. CCL3, CCL4, and GZMB, cy-
tokines and effector molecules expressed in cyto-
toxic T cells, and LAG3, a marker associated with
exhausted cells, were localized to cells in the up-
per branch. Expression of interleukin 2 (IL2),
LTA, CCL20, and CD40LG, cytokines and surface
protein associated with T helper cells (TH1), were
localized to cells in the lower branch. Additional
genes, including IL4R, PRDM1, TBX21, ZBED2,
MYC, FOSL1, CSF2, TNFRSF9, and BCL2, were
expressed to various degrees in a smaller number
of cells (fig. S9). Most of these cytokines, effector
molecules, and transcription factors were either
not expressed or were expressed at very low lev-
els by cells in the unstimulated sample. Although
most of the cells that respondedwithin this short
period of stimulation were presumably memory
cells, we observed a small population of cells that
produced lower levels of IL2 and no other cyto-
kines or effector molecules and might represent
naïve cells (Fig. 4B, arrow).
To fully appreciate the heterogeneity in re-

sponse, cells were clustered based on pairwise
correlation coefficients. Although the two main
groups of helper and cytotoxic cellswere observed,
there were additional smaller subsets of cells as
well as considerable diversity within each subset
in terms of the combination and level of acti-
vated genes expressed (fig. S10, A and B).
A few cytokines, namely IL4, IL5, IL13, IL17F,

IL22, LIF, IL3, and IL21, were highly up-regulated
in the stimulated sample as a whole as compared
with the unstimulated sample, but were contrib-
uted only by a few cells in the sample (Fig. 4C).
Subsets of these cytokines were expressed by
the same cells (fig. S11). For instance, just one
cell coexpressed IL17F and IL22, a signature for
TH17 cells. Another seven cells expressed various
combinations of IL4, IL5, and IL13, signatures of
TH2 cells. The observed frequencies of TH2 and
TH17 cells, which primarily reside in secondary
lymphoid tissues and are rare in peripheral blood,
agreed with those previously measured by flow
cytometry (27, 28). The low frequency of special-
ized cells contributing to large changes in overall
gene expression highlights the importance of
sampling large number of single cells.
The large up-regulation of a set of genes in

very few cells served as an important control to
measure system cross-talk. Although any uncap-
tured RNA should be diluted into the vast volume

1258367-2 6 FEBRUARY 2015 • VOL 347 ISSUE 6222 sciencemag.org SCIENCE

cells + beads in microwellscells in microwells

Load cell suspension Load beads

Zoom-in examples: 
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bead Universal Cell Label5’ oligodTMolecular index

• Identical for all oligos on a bead

• Unique for each bead

• Variable among oligos on the same bead 

Fig. 1. Description of CytoSeq. (A) Experimental procedure for CytoSeq. (B) Structure of oligo-
nucleotides attached to beads.
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ICELL8™ SINGLE-CELL SYSTEM
SEE MORE. DISCOVER MORE.

Wafergen/Takara ICell8 

• Dispense into a 5184 well plate with barcoded oligos 
• Add cells to wells and identify singlets by imaging 
• ~1800 single cells/chip due to Poisson distribution 
• 3’ sequencing

DYNAMIC DISCOVERY SYSTEM

ICELL8 SINGLE-CELL SYSTEM

ICELL8 Chips and Reagents Imaging Station

MultiSample NanoDispenser CellSelect Software

DATA SHEET

Advances in next-generation sequencing have improved our 
ability to work with precious samples and grow our under-
standing of fundamental biological principles. These insights 
are typically derived from data “averaged” over bulk cell and 
tissue samples. However, single cell analyses suggest that 
cell-specific transcriptome differences may have profound 
functional consequences. 

Transcriptome differences can be uncovered using molecular 
counting techniques. The first ICELL8 chips and reagents use 
a unique 3’ tagging method to enable this molecular counting.  
In general, this method is used to identify expressed mRNA 
molecules and provide relative expression levels within the in-
dividual cells, with minimal sequencing.

ICELL8™ Single-Cell System
SEE MORE. DISCOVER MORE.

Dispense cells, 
controls and 
fiducials

Image wells and 
select cells for 
processing

Dispense RT 
buffer

cDNA 
Preparation

cDNA Extraction 
and Purification

Library 
Amplification/
Nextera XT Prep

1

FIGURE 3. SIMPLE WORKFLOW WITH THE ICELL8 SINGLE-CELL SYSTEM.

3012 4

FIGURE 2. ISOLATE UP TO 1,800 SINGLE CELLS PER CHIP.  Cells are 
dispensed using a Poisson Distribution. CellSelect software image map 
indicates well occupancy rate across the chip

FIGURE 1. CELL CAPTURE VISUALIZATION. Every well on the chip 
is imaged. Images show the presence or absence of cells in each well. 
Captured Images are then processed in the CellSelect™ Software.

Capture up to 1,800 single cells and select 
which cells to process.

POWER – isolate up to 1,800 cells per chip across the 
broadest range of cell sizes per sample, 5-100um  

CONTROL – ability to selectively process ONLY single-
cell containing wells of your choice

INSIGHT - process up to 8 samples per chip. Perform the 
experiments you need  to move your research forward



Scienion dispenser
• Beats Poisson 
• High recovery for low-

cell numbers (<97%) 
• 96 cells <4 minutes 
• Multiple destination 

types: 96/384/1536, 
slides… 

• Low cell # samples, ie 
CSF, vitreous fluid,…



Single-particle dispensing

• Unselected and doublet cells can go into a tube and redispensed

Dissociated  
Lung-cancer spheroid 21 um beads



Quantifying proteins - CITE-seq
• Cellular Indexing of 

Transcriptomes and 
Epitopes. 

• Mouse or human anti-CD29 

• Compatible with most sc-
RNA-seq systems 

• BD Antibodies and labeling 
kits coming soon



Multiplexing Samples - demuxlet


