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GEMs recovery and cDNA amplification
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Library construction and Illlumina sequencing
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Single Cell statistical analysis and classification
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Alternative options for high throughput single cell RNA-seq
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Alternative options for high throughput single cell RNA-seq
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Alternative options for high throughput single cell RNA-seq
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Parsed Biosciences combinatorial indexing approach

In the first round of barcoding, fixed cell samples are distributed The third-round barcode is appended with another // H H
into 48 wells, and cDNA is generated with an in-cell reverse round of in-cell ligation. https' WWW.paI"SEbIOSCIenCES.Com
transcription (RT) reaction using well-specific barcoded primers.

Cells from sample

Parse

BIOSCIENCES

oo BN

(Reverse

transcription) l \\

WT MINI WT WT MEGA
10K 12 100K 48 M 96
e Cells Samples Cells Samples Samples

Cells from each well are pooled back together.

Pool

T After three rounds of barcoding, the cells are pooled and split into
\ 8 distinct populations we term sublibraries. The user can choose

the number of cells in each sublibrary to control the depth of
sequencing. Cells will not be pooled again after this step. After this
final split cells are lysed and the barcoded cDNA is isolated. A
fourth sublibrary-specific barcode is introduced by PCR to each
c¢DNA molecule.

Cells are then distributed into 96 wells, and an in-cell ligation

reaction appends a second well-specific barcode to the cDNA.

a Split ==
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(Ligation) / l \ = =: = ' ==

| After sequencing, each single cell transcriptome is assembled by
combining reads containing the same four-barcode combination.
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https://www.parsebiosciences.com/

BD Rhapsody Single Cell Analysis System

Analyze 100's of genes across tens of 1000's of single cells
microwells platform with barcoded beads and UMis,
15.000 cells per sample,
99.4% count purity, minimal crosstalks between microwells,
0 cells, under 5% for 15.000 cell,

targeted assays with standard or custom gene panels:
decrease cost of sequencing (2k reads/ cell <=> 20k reads/ cells for 10x ?)

Competitor WTA 3’ RNA-seq BD Rhapsody Targeted

A Major cell type B Proportion of transcriptome A Major cell type
(~20K reads per cell) from ribosomal proteins (~2K reads per cell)

40 ; (1) B (5.0%)
» -

(2) Classical monocytes
»  (3) Cytotowic T (6.9%)

(4) OC {1.7%)

(5) NK (18.0%)

(6) Naive T (25.6%)

. .’7-;',.
-40 -40 -30 -
4030 -20 -10 0 10 20 30 40 40 -30 -20 -10 0 10 20 30 40 -30 -20 10 O 10 20 30 40
coord 1 coord 1 coord 1
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Single cell approaches in publications

£, The number of single cell
z ., transcriptomics studies
‘é pUb“Shed pel’ month ’ |m M Technique Count
= . . o 1 . - o TR I||||l"|l||ll”|’””ll|"|||||l”“ || , I g:z:_zlg;z fgz
. 110 012 1 201" | 117 2018 19 9 SMARTer (C1) 121
Date Drop-seq 73
SMARTer 26
Technique InDrops 23
¢  The number of sScRNA-seq CITE-seq 18
= . . Drop-seq
L studies published per month S e oy
< | STRT-seq 15
¢ stratified by method. SHARTEC Tang 15
7? Smart-seq2 MARS-seq 14
Other CEL-seq 13
; i _ 201 2020 Seqg-Well 13
Date SORT-=seq 12
STRT-seq (C1) 12
BD Rhapsody 9
BioMark 8
GemCode 7
ICELLS 6
Patch-seq 6
Perturb-seq 6
sc-RT-mPCR 6
MERFISH 5

https://docs.google.com/spreadsheets/d/1En7-UV0OkOlaDilfiFkdn7dggyR7ilk3WH8QgXaMOZF0/edit#gid=2129262271
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https://docs.google.com/spreadsheets/d/1En7-UV0k0laDiIfjFkdn7dggyR7jIk3WH8QgXaMOZF0/edit
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150,000 unique molecules detected per HEK293FT

Single-cell RNA counting at allele- and isoform-resolution using Smart-seq3
Hagemann-Jensen et al., Nat.Biotech, May 2020
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Experimental approaches comparison

SMART-seq2 CEL-seq2 STRT-seq  Quartz-seq2 MARS-seq Drop-seq inDrop  Chromium Seq-Well sci-RNA-seq SPLiT-seq
. FACS,
S'mgle-.cell . FACST . . FACS.’ . microfluidics, FACS FACS Droplet Droplet Droplet  Nanowells Not needed Not needed
isolation microfluidics microfluidics
nanowells
Second strand RNase H PolyA tailing  RNase H RNase H RNase H
svnthesis TSO and TSO and primer and TSO and TSO TSO and TSO
y DNA pol | ligation DNA pol | DNA pol | DNA pol |
cDFNL;{I;t:t%t:siﬁ Yes No Yes Yes No Yes No Yes Yes No Yes
’ Barcoded o
Barcode .lerary e Barcoded Barcoded Barcoded Barcoded Barcoded Barcoded Barcoded Barcoded RT primers and LOEEG
e with barcoded . - . X . . - ' . barcoded
addition : RT primers TSOs RT primers  RT primers RT primers RT primers RT primers RT primers library PCR with .
primers : RT primers
barcoded primers
befz(r)g::g?arw No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
IR PCR iviro PCR PCR IWVIIO: PCR o PCR PCR PCR PCR
amplification transcription transcription transcription
coc\i,ee’r‘:ge Full-length 3’ o 3 3’ = 3’ 3 3 o 3
10F
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Number of 10
cells per assay
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Experimental approaches comparison
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Benchmarking single-cell RNA-sequencing protocols for cell atlas projects

Mereu et al., Nat.Biotech, 2020
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Experimental approaches comparison

HEK293T Monocytes B cells
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Benchmarking single-cell RNA-sequencing protocols for cell atlas projects
Mereu et al., Nat.Biotech, 2020

Single Cell RNA-seq: Technologies and Experimental Approaches




Experimental approaches comparison

High score Low score

Method

0

Quanz-seq2
Chromium @
Smart-seq2 o
CEL-seq2
C1HT-medium
C1HT-smal
ddSEQ
Chromium (&n)

Drop-seq

inDrop E)
ICELL8 o
MARS-seq - o
amcSCRB-seq . =
\ J
Flg 6| Benchmarkmg summary of 13 sc/snRNA-seq methods. Methods
are scored by key analytical metrics, characterizing protocols according to
their ability to recapitulate the inal structure of complex tissues, and
their suitability for cell atlas proje l'he methods are ordered by their L
overall bent f"rl-lrlz:lh;.", score, which is computed by averaging the scores
across metrics assessed from the human datasets. \ /
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Single Cell RNA-seq raw signal

Single Cell RNA-seq: Technologies and Experimental Approaches

SmartSeq?2
(Picelli et al. Nature Methods 2014)

SmartSeq - SMARTer kit
(Ramskold et al. Nature Biotech 2012)

Tang et al.
(Nature methods 2009)

STRT

(Islam et al. Genome Res 2011)

Arguel et al., NAR, 2016

CEL-Seq

(Hashimshony et al. Cell Reports 2012)
Droplet-based approaches

(10x, Drop-seq, InDrop, 2015)




Long read sequencing identifies isoforms efficiently

Transcript isoforms

Short-read sequencing

Long-read sequencing

Tombacz et al., Front. Genet., 2018
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Short read single cell RNA-seq
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Long read single cell RNA-seq
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Full-length single cell RNA-seq

Sequencing depth

High
Medium
Number of Expression
isoforms - quantification
detected l ow
Number of cells Sequencing
sequenced errors

Single-cell RNAseq method
® Longreads @ Smart-based ® UMI-based
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Options for full length single cell transcriptome sequencing

cell

CUNA Ulan barcode

) | —

hput (80M reads / flowcell
-~ low throughput (4M reads / SMRT)
Price (1.400€ / SMRT) Price (1.400€ /Flowcell)
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Nanopore sequencers
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February 2017, Linnarsson’s lab

Karsson and Linnarsson BMC Genomics (2017) 18:126

DOI 10.1186/512864-017-35286 BMC GEﬂOmiCS

Single-cell mRNA isoform diversity in the "
mouse brain

Kasper Karlsson' and Sten Linnarsson’

Abstract

Background: Alternative mRNA isoform usage is an important source of protein diversity in mammalian cells. This

phenomenon Nas

y studied in bulk tissues, however, it remains unclear how this diversity is

reflected in single cells.

Results: Here we use long-read sequencing technology cc

and a larger number of isofo

A malariida warac nic e nAd mMmanv avante afartan
\NA Molecule was unique, a d ma Iy eve ts affected
coding regions vn protein diversity in single cells. Exon junctions in coding regions

were less prone to sp

i~inA errare than thace in nan-rading redinne indicatina nnirifvinA calertinn An <n s AlAnor
icing errors than those in non-coding regions, indicating purifying selection on splice dono

=

and acceptor efficiency.

Conclusions: Our findings indicate that mRNA isoform diversity is an important source of biological variability also
n single cells.

Keywords: Alternative isoform usage, Single-cell RNA sequencing, STRT, PacBio, Long read sequencing, UM,

Oligodendrocytes

SiX
PacBio

STRT method adapted
to the Fluidigm C1
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July 2017, Vollmer’s lab

Nanopore long-read RNAseq reveals widespread
transcriptional variation among the surface

receptors of individual B cells

Ashley Byrne, Anna E. Beaudin, Hugh E. Olsen, Miten Jain, Charles Cole, Theron Palmer, Rebecca M.
DuBois, E. Camilla Forsberg, Mark Akeson & Christopher Vollmers &
Nature Communications 8, Received: 24 April 2017
Article number: 16027 (2017) Accepted: 23 May 2017
d0i:10.1038/ncomms16027 Published: 19 July 2017

Understanding gene regulation and function requires a genome-wide method
capable of capturing both gene expression levels and isoform diversity at the

single-cell level. Short-read RNAseq is limited in its ability to resolve complex

isoforms because it fails to sequence full-length cDNA copies of RNA molecules. ONT
Here, we investigate whether RNAseq using the long-read single-molecule Oxford seven individual
Nanopore MinION sequencer is able to identify and quantify complex isoforms mouse B1a cells

without sacrificing accurate gene expression quantification. After benchmarking

our approach, we analyse individual murine Bla cells using a custom multiplexing
strategy. We identify thousands of unannotated transcription start and end sites, as
well as hundreds of alternative splicing events in these Bla cells. We also identify

hundreds of genes expressed across Bla cells that display multiple complex

cDNA from each individual
cell using a modified Smartseq2

isoforms, including several B cell-specific surface receptors. Our results show that

we can identify and quantify complex isoforms at the single cell level.
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June 2018, R2C2 Volimers’s lab
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Fig. 1: R2C2 method overview. A) cDNA is circularized using Gibson Assembly, amplified using RCA,
and sequenced using the ONT MinlON. The resulting raw reads are split into subreads containing
Jull-length or partial cDNA sequences, which are combined into an accurate consensus sequences using
our C3POa workflow which relies on a custom algorithm to detect DNA splints as well as poaV?2 and
racon.
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October 2018, Tilger’s Lab, Nature Biotechnology, ScISOr-Seq

Single-cell isoform RNA sequencing - e
Neurodt,?qqg_ o ) Purkinje cells(PCL)

characterizes isoforms in thousands of P, L N

cerebellar cells T TR e | S e e

Ishaan Gupta, Paul G Collier, Bettina Haase, Ahmed Mahfouz, Anoushka Joglekar, Taylor Floyd, Frank
Koopmans, Ben Barres, August B Smit, Steven A Sloan, Wenjie Luo, Olivier Fedrigo, M Elizabeth
Ross & Hagen U Tilgner

Olig1, Olig2, Pdgfra
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scNaUMI-seq . 11-2019 (Biorxiv), 08-2020 (Nature Comm.)

nature > nature communications > articles > article Gene expression - lllumina

5’" glia
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Article | Open Access | Published: 12 August 2020

High throughput error corrected Nanopore single
cell transcriptome sequencing

Kevin Lebrigand e Virginie Magnone, Pascal Barbryg & Rainer Waldmann &

Nature Communications 11, Article number: 4025 (2020) | Cite this article

3976 Accesses | 61 Altmetric | Metrics
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https://github.com/ucagenomix/sicelore
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