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Abstract: The cell is the unit of life for all organisms, and all cells are certainly not the same. So the
technology to generate transcription expression or genomic DNA profiles from single cells is crucial.
Since its establishment in 2009, single-cell RNA sequencing (scRNA-seq) has emerged as a major
driver of progress in biomedical research. During the last three years, several new single-cell sequenc-
ing platforms have emerged. Yet there are only a few systematic comparisons of the advantages and

limitations of these commonly used platforms. Here we compare two single-cell sequencing plat-
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forms: BD Rhapsody and 10x Genomics Chromium, including their different mechanisms and some
scRNA-seq results obtained with them.
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parison.

1. INTRODUCTION

The Cell is the fundamental unit of an organism. When
analyzing sequencing data from bulk tissue samples, typical-
ly which are composed of millions of cells, it is difficult to
resolve cell to cell variations and identify cells that may play
an important role in disease progression [1, 2]. The rapidly
evolving single-cell sequencing (SCS) technology has be-
come a powerful method to resolve complex tissue composi-
tions and delineate convoluted cellular development [3]. Se-
quencing the DNA of individual cells can give information
about mutations carried by a small population of cells, for
example in cancer, while single-cell RNA-seq can investi-
gate transcriptomic cell-to-cell variation, revealing new cell
types, and providing insights into developmental processes
and transcriptional stochasticity.

These SCS techniques include the detection of DNA mu-
tations, copy-number variants (CNVs), DNA-protein bind-
ing, RNA splicing, and the measurement of mRNA expres-
sion [4]. More recently, microfluidics platforms and droplet-
based methods have enabled massively parallel sequencing
of mRNA in large numbers of individual cells [5].

In this review, we compare two of the most successful
commercial single-cell sequencing platforms: BD Rhapsody
and 10x Genomics Chromium (Fig. 1). We compared them
in terms of mechanisms, operations and some scRNA-seq
results obtained with them.
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2. OUTLOOK
2.1. Common Mechanism of the Two Methods

These two experiments follow a similar basic strategy [6,
7]. First, individual cells are captured separately and lysed,
then reverse transcription is performed to select mRNA (by
polyT priming) and to obtain cDNA. Subsequently, the am-
plified cDNA is used for sequencing library preparation.

These two technologies sample a pool of millions of bar-
codes to separately index each cell’s transcriptome. They do
so by partitioning thousands of cells into nanoliter-scale
aqueous compartments, where all generated cDNA share a
common cell Barcode. Libraries are generated and se-
quenced and cell barcodes are used to associate individual
reads back to the individual partitions.

2.1.1. Cell Label, Unique Molecular Index (UMI) and Poly
dT Structure of Beads

The oligonucleotides on beads consist of a universal PCR
priming site, followed by a combinatorial cell label, a unique
molecular index, and an mRNA capture sequence of oli-
go(deoxythymidine) [oligo(dT)] [8]. All primers on each
bead share the same cell label but incorporate a diversity of
molecular indices, as shown in Fig. (2).

One big challenge in single-cell RNA-seq is the amplifi-
cation bias (which reduces quantitative accuracy). UMI is
designed to detect and quantify unique mRNA transcripts.
Such molecular tags have been given various names, such as
unique identifiers (UID) [9], unique molecular identifiers
(UMI) [10], primer ID [11], efc. Tagging total transcriptome
of a single cell has been shown to enable quantitative access
of expression level of individual genes in individual cells

©2020 Bentham Science Publishers
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Fig. (1). Description of the two methods evaluated. (4 higher resolution / colour version of this figure is available in the electronic copy of the

article).
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Fig. (2). The structure of beads. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

[12] and correct the amplification bias [10]. Upon deep se-
quencing, each UMI is observed multiple times, and the
number of original DNA molecules can be determined simp-
ly by counting each UMI only once.

2.1.2. Simultaneously Measure Proteins and RNA at a Sin-
gle-cell Level

Prior to single-cell genomics, defining cell-surface pro-
teins, which are often reliable indicators of cellular activity
and function, is critical to understanding the unique charac-

teristics of the various cell types [13]. In 2017, Stoeckius et
al. conjugated well-characterized monoclonal antibodies to
oligos that were designed to (1) contain a poly-A tail, mak-
ing it compatible with poly-dT capture RNA-seq-based sys-
tems, (2) contain a specific barcode sequence for unique an-
tibody identification [14]. The antibody-oligo complexes are
incubated with single-cell suspensions using conditions
comparable to staining protocols used in flow cytometry,
after which cells are washed to remove unbound antibodies
and processed for scRNA-seq.
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This kind of antibody is suitable for both platforms. The
DNA-barcoded antibodies are incubated with single-cell
suspensions under conditions comparable to flow cytometry
staining protocols, then the unbound antibody is removed by
washing. After cDNA derived from antibody-derived tags
(ADTs) is separated from the mRNA-derived cDNA by size
selection, the cell-surface-protein library and gene-
expression library are prepared independently, and could be
sequenced together with different sample indexes.

This technology allows to seamlessly combine cell sur-
face protein expression measurements with immune reper-
toire and gene expression measurements from the same sin-
gle cell. Using this to measure both gene and cell surface
protein expression in the same cell to identify protein
isoforms, proteins can be detected for low abundance tran-
scripts, further increasing the phenotypic specificity. It has
plenty of applications as mentioned below.

2.1.2.1. High-Throughput Single-Cell Proteogenomic

Several antibodies have been designed for this method,
which can be detected together [15-20]. In 2017, Peterson et
al. quantified proteins with 82 barcoded antibodies, using the
RNA expression and protein sequencing assay. This removes
the limitations imposed by the spectral overlap of fluorescent
labels [21] or the available number of stable isotopes [22], in
flow and mass cytometry.

2.1.2.2. Simultaneous Measurement of Protein and RNA

Using oligonucleotide-labeled antibodies, measurements
of cellular surface proteins and transcriptomes can be inte-
grated into a sequencing-based readout of single cells. It en-
ables to simultaneously combine protein with transcriptomic
analysis in high-throughput cells in parallel, which affords an
enhanced understanding of a diversity of cellular processes.

2.1.2.3. Enhance Cell Type Identification

The use of oligo-conjugated antibodies provides en-
hanced immunophenotyping as compared to using mRNA
analysis alone, especially when analyzing closely related
cells. In addition, the antibodies are less prone to dropouts,
increasing the resolution of the analysis. This can help the
scientific community expedite discovery in biomedical re-
search, moving the frontiers of science forward.

While the surface proteins of individual cells measured
by ADTs are also transcriptomically profiled by scRNA-seq,
the measurements of these two different molecule species
produced from the same genes do not necessarily correlate
with each other, presumably because of post-transcriptional
and post-translational gene regulation [23]. Therefore, com-
putational integration of single-cell multi-modal profiling
data may allow a more accurate characterization of the cells
(e.g., cell type identification) [24] and provide new biologi-
cal insights that may be observable from neither a single data
source [25] nor modality [26].

2.1.2.4. Easy Sample Multiplexing

The technology, cell hashing [27], allows robust sample
multiplexing, confident multiplet identification, and discrim-
ination of low-quality cells from ambient RNA.

First, cells from distinct samples are labeled with differ-
ent oligonucleotide-tagged antibodies against ubiquitous cell
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surface proteins, so that they can subsequently be pooled. By
sequencing these tags alongside the cellular transcriptome, it
is possible to correlate each cell to its sample of origin and
robustly identify doublets originating from multiple samples.

Cell hashing allows multiplexing of many different sam-
ples or experimental conditions, and can also be used to op-
timize existing protocols or experimental designs, testing
several conditions in one scRNA-seq run. A further benefit
of cell hashtags is that cell hashing can also reduce batch
effects.

According to Dr. Smibert, cell hashing also allows super-
loading of scRNA-seq instruments to yield four or five times
more cells in a single run, driving down the per-experiment
cost of single-cell genomic studies.

2.2. VDJ Recombination

Both of the two platforms can detect Single cell VDJ.
The Single Cell VDJ offers comprehensive, scalable solu-
tions for measuring immune repertoire information and gene
expression from the same cell such as profile full length (5’
UTR to constant region), paired T-cell receptor (TCR), or B-
cell immunoglobulin (Ig) transcripts from 100-10,000 indi-
vidual cells per sample.

3. DIFFERENCE BETWEEN THE TWO METHODS

The BD Rhapsody WTA Amplification kit has allowed
the identification of genes interest that can be used for build-
ing targeted panels, which 10x Genomics will apply soon.

3.1. Droplet-based vs. Microwell-based

BD Rhapsody is a microwell-based technology, while
10x Genomics is a Droplet-based system.

Droplets nanoliter-scale aqueous compartments are
formed by precisely combining aqueous and oil flows in a
microfluidic device [28, 29]. 10x Genomics system, as
shown in Fig. (3), does so by partitioning thousands of cells
into nanoliter-scale Gel Bead-In-Emulsions (GEMs), where
all generated cDNA from one cell share a common cell bar-
code [30]. During reverse transcription, the cell barcodes are
labeled, then the tiny reaction chambers are broken and the
pooled fractions are recovered.

BD Rhapsody is a well-based system like Microwell-seq
(a well-based inDrop system) [5, 29], as shown in Fig. (3).
Firstly, individual cells are randomly deposited into an array
of picoliter wells under the effect of gravity. Then, a combina-
torial library of beads bearing cell barcodes and UMI is then
loaded onto the microwell array to saturation, so that most
wells become filled. The dimensions of the beads and wells
are optimized to prevent double occupancy of beads. After cell
lysis, mnRNAs hybridize to beads, which are pooled for reverse
transcription, amplification and sequencing.

3.2. Gel Emulsion Microbeads vs. Magnetic Beads

The two technologies sample a pool of about a million
cell barcodes to separately index each cell’s transcriptome.
10x does so by partitioning thousands of cells into nanoliter-
scale Gel Beads-in-emulsion (GEMs), while BD by using
magnetic microspheres in a microfluidic device [6, 30].
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Fig. (3A, B). Single-cell barcoding process. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

Gel emulsion microbeads are prepared by the emulsion-
gelation method with chemical reagents such as polymeric
surfactants and dispersants, which are often used in the drug
delivery systems [1, 31]. In this case, they deliver oligonu-
cleotides consisting of a universal PCR priming site, UMI,
cell barcode and poly-dT. The beads are stable under one
condition, while they are swelled by the action of some
chemical reagents and the oligonucleotides meet the lysed
cells. The RT react and the cDNAs are mixed.

Magnetic beads have been designed for life science ap-
plications, such as immunoprecipitation, cell isolation,
RNA/DNA extraction, and protein purification. Magnetic
particles can be used to isolate specific target molecules and
protein complexes. In BD Rhapsody, magnetic beads bind to
mRNA from single-cell lysate. Then the beads are mixed,
and the RT react in one tube.

3.3. Random Primer (No Tagmentation) vs. Template
Switch Oligo (TSO) Full-length cDNA

Different from the cDNA synthesis approach of 10x Ge-
nomics, which primes cDNA second-strand synthesis using
TSO after first-strand synthesis and complete double-strand
cDNA synthesis with a continuous two-step PCR procedure,
BD synthesizes cDNA in two steps with two PCR procedures.

10x Genomics obtains full-length cDNA by using TSO,
while BD gets fragment cDNA by random primer [32]. Like
10x Genomics, each BD bead captures single-cell mRNAs
by primers with oligo(deoxythymidine)[oligo(dT)]. Then BD
Beads with captured mRNAs in individual microwells are
retrieved by the magnet and synthesize first-strand cDNA in
a microcentrifuge tube. After first-strand synthesis, random
priming and extension (RPE) are performed on BD beads
with cDNA.

Accurate quantification of individual transcripts requires
an efficient approach to convert mRNA molecules into full-

length cDNA. However, conventional cDNA construction
methods usually result in an underrepresentation of the 5’
ends of cDNA. The TSO hybridizes to untemplated C nucle-
otides added by the reverse transcriptase during reverse tran-
scription [33, 34]. The TSO adds a common 5' sequence to
full-length cDNA that is used for downstream cDNA ampli-
fication. The TSO makes it possible to efficiently amplify
the entire full-length transcript pool in a completely se-
quence-independent manner.

However, in the 3' assay of 10x Genomics, amplified
full-length ¢cDNAs are sheared. Only 3’ end of cDNA,
adapter and sample indices are incorporated into finished
libraries, which are compatible with next-generation short-
read sequencing. So that the TSO and random primers show
no difference in the final data.

3.4. Costs

BD and 10x possess little difference in terms of costs.
According to our suppliers, single-cell transcriptome kit of
BD is a little cheaper.

When the antibody panel is used for the protein expres-
sion, actually there are two libraries, one for single-cell tran-
scriptomes and the other for protein expression. So more
reads and more reagents are needed to downstream which
consequently impacts the costs.

4. RESULTS

The single-cell transcriptome data are downloaded from
10x Genomics website or given by the Technical Support of
BD Company. They are both demo human PBMC data, and
the average number of reads is >50,000 per cell. Some re-
sults are shown in Figs. (4 and 5).

As shown in Fig. (4), the capability of BD Rhapsody
capturing RNA species ranges from 500 to 2500 per cell
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Fig. (4A, B). Comparison of basic parameters for human PBMC scRNASeq results acquired by either BD Rhapsody (Left Panel) or 10x 3’
RNASeq V3 (Right Panel). (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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Fig. (5A, B). Comparison of captured cell type for human PBMC scRNASeq results acquired by either BD Rhapsody (Up Panel) or 10x 3’
RNASeq V3 (Down Panel). (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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Table 1. Comparison between 10x genomics and BD rhapsody.
Items 10x Genomics BD Rhapsody
Library Costs $ 1600 $ 1400
Time Costs ~8 hours ~10 hours
Reproducibility Pretty good good
Cell viability demand >80% >50%
Cells loading 500-25000 2000-40000
Cells recovery 100-16000 100-25000
Safe stop points 5 4
Single cell isolation Microfluidics Nanowells
Cell Surface Protein yes yes
Single Cell VDJ yes yes
Single Cell ATAC yes no
RNA capture beads Gel beads Magnetic beads
Second strand cDNA synthesis TSO RPE
Full-length cDNA yes no
High throughput
Monitor cells viability with imaging system
Advantage Easy operation
High cell recovery Fewer doublets
Fresh samples needed
Fresh samples needed More hands work
Limitations
Detect only 10% mRNA More cells input
One sample per assay

(median: over 1000), while 10x 3’ V3 ranges from 1000 to
nearly 4000 per cell (median: around 2000) with each cell
capturing around 2500 RNA molecules or 5000, respective-
ly. The median mitochondrial genes percentile for BD meth-
ods is a little bit more than 10x, while 10x delivers the range
of mitochondrial genes percentile from 5 to 15. This result
indicates that due to different capture mechanisms, the BD
system could tolerate less cell viability, while 10x
scRNASeq clearly delivers a better RNA capture rate. There-
fore, the BD system might be better for a less accessible pa-
tient sample. As for cell type capture capability, there is not
much difference as indicated in Fig. (4). Both methods could
capture lymphocytes, myeloid cells and granulocytes well.

CONCLUDING REMARKS

In this review, we systematically compared two high
throughput single-cell sequencing platforms. Different sce-
narios and the applicability of the two techniques are shown
in Table (1).

Also there are low-throughput methods for scRNA-seq,
which sort a cell into a well of a multi-well plate, such as
Smart-seq2 [35] and CEL-Seq?2 [36]. But these methods ana-
lyze only tens to hundreds of single-cell transcriptomes at a
time.

When starting the single-cell analysis experiment, sev-
eral points need to be checked. Such as, if only one rare
subset needs to be examined, low-throughput methods can
be selected to load in pre-purified cells. Or more cells can
be loaded in high throughput platforms, which will give
more information on all loaded cell subsets. Of course, the
cost should be considered. Low-throughput methods can be
a better choice when the cells are fewer than one hundred,
otherwise, high throughput platforms perform well. Also
when dealing with fewer cells, sample multiplexing tech-
nology enables the use of high throughput platforms [27,
37].

Assay for transposase-accessible chromatin using se-
quencing (ATAC-seq) is an efficient method to probe ge-
nome-wide open chromatin sites, using the Tn5 transposase
to tag them with sequencing adapters [38]. 10x Genomics
also profiles the ATAC at single-cell level (scATAC-seq)
[39], but the BD Rhapsody has not incorporated this tech-
nology yet. scATAC-seq maps hundreds of single cells in
aggregate of closely resembling accessibility profiles from
tens of millions of cells and provides insights into cell-to-cell
variation, offering a similar power of resolution and gener-
ates additional information regarding gene regulatory pro-
cesses.
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