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RNA-Seq
>100,000 cells (10 ng Total RNA)

i
‘ | -

g —

Single-Cell

= 0.01-0.1 pg mRNA (1-10 pg total RNA)

l MIND THE GAP
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. ' Suvival i Wy Sequencing
3. Restricted-Poly-A tailing sasss— 777710 AAAAATTTT TN I lllumina sequencing
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Sasagawa Y. et al. Genome Biol. 2013 6



Whole-transcriptome Amplification (WTA)

Highest reproducible and sensitive scRNA-seq
Quartz-Seq (Sasagawa Y. et al. 2013)
Quartz-Seqg2 (Sasagawa Y. et al. 2018)

1. poly-A tailing
TTTTT I
Reverse transcription J
AAAAA
TTTTT[I7M]
Poly-A tailing .|.
AAAAA R T_TTT;|II|E|
4
EﬂTTTTT
AAAAA TTTTT 7
PCR amplification J

TTTTT AAAAA
AAAAA TTTTT

BEENRPTELRE XTI AEE
B FREFRENS L

TruncateZtRNAH1EZ %
cDNAEMY— TPCRIEENG/ N4 7 A DDLU
RIGEHEI B LD

Full-length scRNA-seq
Smart-Seq (Ramskold D. 2012), Smart-Seq2

2. Template-switching

AAAAA

TTTTT
Reverse transcription i)
AAAAA
TTTTT[COS]
WA [elele v
AAAAA
cce TTTTT[COS]
Template switching ¥
G AAAAA
% ccce TTTTT E
PCR amplification J

GG AAAAA
cCccC TTTTT

RBFCHEETELEIXTUITEINDS
et E i A
B FRERENS < LU

cONAEMNFE B FH TPCRIBME/NA 7 AN L)

BELERIZF X2 TES (1 stepTREE)

scRNA-seq with linear amplification
CEL-seq, CEL-seqg2

3. In vitro transcription

AAAAA

o TTTTTR
Reverse transcription J

AAAAA

TiTRT
2nd strand synthesis V

TT7T7T R
ligation {

AAAAA RTIT7]

TTTTT R
In vitro transcription J

UUUUURT

IVTIZ & & iRz 18R
B FRERENSO
2ndEAIENREZE SN TULVEL?




Quartz-Seq2: 5H 1 - &R EI/LD/RE

1. Cell barcode;%:(Z & A fH{E1L

2. Cell barcoding

4 ™
> AAAAA
TTTTT [VBlCBo00 canm]
/ N AAAAA
l TTTTT MB|CB0002/caM]
L AAAAA
Loor Y TTTTT [MBJ[CB0003)caM]
===
S=s=s==—  Cell barcodes :
14mer, 1-384 SeqLv(5) :
15mer, 1-1536 SeqLv(5) -
AAAAA
TTTTT [MBI[CB1536llcaM
\ _/

3. Spindown collection
(" 384 PCR plate
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Sasagawa Y. et al. Genome Biol. 2018
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Quartz-Seq2: F&RHIBEZF# & HEEERK

BREEGTFHNHARS BRHEEEGFENS VD EREHBERNE T D (1413)
Quartz-Seq?
— 8000 + - GO t
QL CEL-seq?2 (C1) bl .
© 2000 A o on highly variable genes
D - o L A
o _ & A _
. 6000 o SCRB-seq Quartz-Seq2
S 5000 4 & ¢4 ,
O ® MARS-seq
O - O
o 4000 o4 89
= O Drop-seq
® 3000 A ®A O Drop-seq
O) a5 P
) ®
o) 2000 A :
O
o 1000 -
>
< o0

0 01 02 03 04 05
Number of initial fastq read (in million)

Sasagawa Y. et al. Genome Biol. 2018 9



Quartz-Seq2: R H 1Bz & HEERK

1. fERIRREE DR (cell cycle)

M 532
2. %{Jj\%ﬁﬁﬂm*ﬁl--l <
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< i 7 i‘e SR 100 50 U -1 00
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‘v nuclear translocation °
‘h
| 00n » 72h N
400 —
™
300 e
PC5
200 —
o
[
100 g
0 — ®
o o
[-]
Cell cluster hee ’
PrE (main) .. °
ik 4 oo 4
- gl ..
oy . 4 1 : = $o ;
| e --Jil _r-t._ﬁ
L PR ,1:'-i#‘f?ﬁ-;;’a:“"ﬁ_"?e:
.l"'"“.' ] &
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1/20001&8 @ F5 D #HA2 2 99%F& H
Sasagawa Y. et al. Genome Biol. 2018 10




Quartz-Seq2: R HBIGF%# & 1HEE%

1,500 SVF (stromal vascular fraction) cells

- fHAREERIZF,

- vivo DY > TJ)

DT E

- fHREH A XHVS R

10

11

- i L]
IaNTLVAS S 1 91.31% (1,052cell/1,152well)

unclassified, 1.33% (14)

e 1:
- Macrophage, 5.91% (58)

Cd34+/Efemp 1+ mesenchymal stem cell, 7.79% (82)
Cd4+ T-cell, 44 96% (473)

Cd4+ T-cell (proliferation), 0.95% (10)

B-cell, 15.87% (167)

Killer T-cell, 11.02% (116)

Matural killer cell, 3.04% (32)

Cd34+/Col15a1+ mesenchymal stem cell, 6.36% (67)
Cxcré+ T-cell, 1.71% (18)

Dendritic cell, 0.85% (9)

Plasmacytoide dendritic cell, 0.57% (6)

Dim2
ee s e
— —
SO0 NITAEWN

E Class A
f‘L Class B - 2EDRIERFHREZER
; . —HIZXElastic fiberlZB1 58z FF
E Class C Iﬁ,?ﬁ‘T%D
¥ |Class D - RIERFMHREEHREEEEADY—X
Eﬁ;: Class E
Class F . =% ,
% Class G ;\ = &
% 2:355 - @\
B ass | .
% Class J o
@ Class K

Sasagawa Y. et al. Genome Biol. 2018 11
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Human Cell Atlas
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Benchmarking single-cell RNA-sequencing protocols for cell atlas projects
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Design of benchmarking study

nature > nature biotechnology > analyses > article

13 methods:
- Karolinska Institutet, Sweden (Sandberg): Smart-seq2 nature
« MPI Immunology, Germany (Griin): CEL-seq?2 blotechnology

 CNAG, Spain (Heyn): MARS-seq
* RIKEN, Japan (Nikaido): Quartz-Seq2
 LMU, Germany:. gmsSCRB-seq

Analysis ‘ Published: 06 April 2020

- Biorad/lllumina, US (Martino): ddSEQ Benchmarking single-cell RNA-

* Fluidigm, US (Lynch): C1 HT IFC (small, meddle) .

- 10xGenomics, US (Church): Chromium (cell, sn) sequencing protocols for cell atlas
* Dolomite: Drop-seq .

- TaKaRa Biotech.: iCELLS projects

» 1CellBio: inDrops-seq
Elisabetta Mereu, Atefeh Lafzi, Catia Moutinho, Christoph Ziegenhain, Davis J.

McCarthy, Adrian Alvarez-Varela, Eduard Batlle, Sagar, Dominic Griin, Julia K. Lau,
Stéphane C. Boutet, Chad Sanada, Aik Ooi, Robert C. Jones, Kelly Kaihara, Chris

T RN 20% 250k_ cells Brampton, Yasha Talaga,@'ﬂhei Sasagawa, Kaori Tanaka, Tetsutaro HayashiDCamline
(11 individuals pooled) v . Braeuning, Cornelius Fischer, Sascha Sauer, Timo Trefzer, Christian Conrad, Xian
N < N : : : ..
10% HEK293 (human) Piripgefral b||0?(;jz moTOEUCIGar 60% !] % Adiconis, Lan T. Nguyen, Aviv Regev, Joshua Z. Levin, Swati Parekh, Aleksandar Janjic,
(RFP) gelsie lomaloi=male/donors) % g Lucas E. Wange, Johannes W. Bagnoli, Wolfgang Enard, Marta Gut, Rickard Sandberg,
10% NIH3T3 (mouse) Cell lines 20% Q (Itnshi Nikaidn,)vu Gut, Oliver Stegle & Holger Heyn - Show fewer authors
(GFP) - (RFP, GFP, TurboFP650) ’ i
>
1% MDCK (dog) 100x Nature Biotechnology (2020) | Cite this article
(TurboFP650)

s 7768 Accesses | 411 Altmetric | Metrics



Template switching vs. IVT vs. PolyA tailing
10:2: 1
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Design of benchmarking study

Number of detected genes

Quartz-Seq?2
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\ 4

Chromium v2 Smart-seq2

f CEL-Seq2 D
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High score Low score

Method
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Chromium (D

MARS-Seq B Chromium(sn) S

Quartz-Seq2
mcSCRB-Seq D
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S
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- ] L
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Mereu E. et al.
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®
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Nature Biotech 2020
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1t Quartz-Seq2hW KT — 7% D H? =

4 )
> AAAAA
- TTTTT [vB|[CBo0OTcaM
Z\ I ;.
A R N N AAAAA
;0 TTTTT [MBI[CB0002|caM
RN TN e D AAAAA
RNA —T R 1) I~ Lo TTTTT MB|[CB0003]caM
IS .
S =s=—=——  Cell barcodes .
14mer, 1-384 SeqLv(5)
15mer, 1-1536 SeqLv(5) -
Z\
7FDAX A
\_ TTTTT[MBIICB1536 |caJI\‘a‘I/

Quartz-Seqg2 (n=1,152)

>

RNA o . % v

13FICHET 3 5.9 .,

® - > 10
. ? — 0
O o 2
TAATEE T QO

PCR | 17T xT 2 5 Q0 — Poisson
| £ 8100 :
0= 300 10 103
oF/N—a—F The mean of gene expression

(UMI: unique molecular identifier)
Sasagawa Y. et al. Genome Biol. 2018 19



Quartz-Seq2(E 73 FHtEEN G LY

S UM/ «
> fastq sc+ fastq non-sc

UMI conversion efficiency =

—
O 20
Fastq reads (Initial reads) ~
Z f&Sthc"’ faStq,non-sc }\ QuartZ—Seqz
Q
Adaptor trimming —__ - 40
UMI conversion i p (adaptor&polyA/T sequence reads) @ -51:'*
efficiency [ Trimmed reads ) ;_{Ié_') %J!:;,
-y 30 e
O & 2
Mapping to genome i ------ P (unmapped reads) (-
O &  CEL-seq2 (C
C mapped reads ) E 20 . i a2 (C1)
Unique mapping ratio i ------ ) (multi-mapped reads) g MARS-seq O . © ., SCRB-seq
C
[Unique mapped reads] 8 10 .i [ A o i >
Cell-barcode correctioni ------ b(unassigned reads for —_ = ] -
cell-barcode sequence) E Drop-seq ] ]
[Corrected unique mapped readsj D 0 ‘I l l T l l
0 0.1 02 03 04 05

UMI filtering i ----- p (PCR duplicate reads)

[ UMI count (Output reads)]
STUMI se

Number of Initial fastq read (in million)

Sasagawa Y. et al. Genome Biol. 2018 20



DFIHIEEN 5Quartz-Seq2DFHBIENDNEZF1EHT 5

Fig. S1

Up 3-5% (UMI count)

Up 20% (cDNA)
-60% reduction (Cost)

Up 11% (cDNA)

Up 288%

"(cDNA)
Up 360% (cDNA)

e
1
1
1
]
1
1
]
1
1
1
1
1
1
1
1
1

Up 20%
" (cDNA)

Reduction of PCR bias

RT primer

Correct sequence errors
Suppression of byproduct
Reduction of PCR bias

Cell-barcode (Sequence levenshtein distance)
Short RT primer

Unique molecular identifier

1. Cell-barcoding
Improvement of
reverse-transcription efficiency

and library preparation cost

Target RNA

T100 buffer & RT temerature

Low-enzyme concentration

-
First strand cDNA

2. Pooling of cDNA
Improvement of

collection efficiency

3-1. Poly-A tagging
Improvement of

poly-A tailing efficiency

3-2. Poly-A tagging
Improvement of tagging

and 2nd synthesis efficiency

4. PCR enrichment
Improvement of PCR bias

using molecular barcode

(cell-barcoding)

Spin-dwon collection

Poly-A tailed cDNA

Increment condition

Second strand cDNA
(Amplifiable)

Unique molecular identifier

Amplified cDNA

AAAAA

TTTTTMBICBxxxxllcaM|

AAAAAA

MTTTTT
AAAAAA

TTTTT
AAAAA

AAAAA
TTTTT|MBICBxxxxllcaM |

AAAAA
TTTTT|MBJCBxxxxllcaM |

TTTTT|[MB|CBxxxxllcaM|

AAAAA[MBICBxxxxlca
TTTT T[MBJ[CBxxxxlcal

==
| |

AAAAA
TTTTT

CBXXXX
[MB||CBxxxx

caMl
tﬁmg

Sasagawa Y. et al. Genome Biol. 2018
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Whole-transcriptome Amplification (WTA)

Highest reproducible and sensitive scRNA-seq

Quartz-Seq (Sasagawa Y. et al. 2013)
Quartz-Seqg2 (Sasagawa Y. et al. 2018)

Full-length scRNA-seq
Smart-Seq (Ramskold D. 2012), Smart-Seq2

1. poly-A tailing 2. Template-switching
AAAAA AAAAA
o TTTTTm o TTTTT-
Reverse transcription Reverse transcription {
AAAAA AAAAA
TTTTT [7¥] TTTTT[COS]
" Poly-A tailing —_— $ A
R — - - AAAAA
AAAAA TTTTT[T7[M] olele TTTTT [CDE]
Template switching ¥
[MTTTTT My felele AAAAA
\. ARAAA TTTTT [T7H] [SZ]ccc TTTTTE )
PCR ampilification PCR amplification ¢
TTTTT AAAAA aa AAAAA
EAAAAA TTTTT% Eﬁ:cc TTTTTE

BEENRPTELRE XU JAEE

& 1513 H R

EFAI=1A

TruncateZiRNAH1EZ %

cDNAR M 15— TPCRIBIE/ A 7 XAV 77 Ly
RIGFEEHE L&

REFCTHEETESDHELEFIFUIEIND

STE

. BIEFREBREASCEL
cDNAEMWE B F 5 TPCRIBIE/ N 7 AMNEZ Y

WERE A

FIZ3E0Y

W2A XS TES (1 step THITE)

scRNA-seq with linear amplification

CEL-seq, CEL-seqg2

3. In vitro transcription

AAAAA
o TTTTTR

Reverse transcription J

AAAAA

TiTRT
2nd strand synthesis V

TT7T7T R
ligation {

AAAAA RTIT7]

TTTTT R
In vitro transcription J

UUUUURT

IVTIZ & & iRz 18R
B FRERENSO

2ndEAIENREZE SN TULVELN?
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- SADHBEMN ST SADEBARAN: THIBERNAS —4 U R EZEERIZEIA AR LY
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Q
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Total RNA-sequencing&E1fif8 kS VX9 ) T b— LA

- 1#fERNA-seqlE3'imIZ ) — FHMR 5

RNA
]
RT Primer Dbarcode
- RNAJE
1MEEZRIEENDI15%IIRNAEEEEIZK D

It is estimated that up to 15% of all point mutations causing
human genetic disease result in an mRNA splicing defect.

Krawczak M. et. al. 1992

+ 3 UTRIE, CDSH»A2 VNV BEDORIBEEF—EH?

R 3'UTR/CDS/Protein

£ « 3'ImA 5500 bpCDSHE
t FNSEGETETIIEE
c N RI)L—T v bk
scRNA-seqTII3'ix &%=
z U
2
*’ (Kocabas A. et. al. Neuron, 2015)

Bulk RNA-seq® [F & A £ AYPoly-A RNA,

1$8R8 1 [ 1F 3 R TPoly-A RNAD &

* RNADO#IF 53 [E£3E7R 1) ABL S|

AAAAAA

WW._.‘WW..’-
waSUAA

0-| I-' 20-eRNAs (0.5-2kb)

#ﬁ-

AA
#—\NW
"""-“\,I'“" VAR
— NW AR

1D-eRNAs (>3-4kb)

- ZERITBEBETEIEAR 1) A RNADTETE

1. Pre-mRNA/RNA degradation 2. Enhancer RNA
0-"-0 ID-eRNAs{DS-Ikb]
5'[ron_(Ui——(02)—{EEAN] 5
Transcript @ ke @ #ﬁ

| Splice site definition

b _,_\MW AAAA

—4:$:;--- . e
s 3. CircRNA
T 4t

RN e P Unstable Degradation
l cleavage tRMA-like

- 8 “:-.IL 1
ransport Tty
A

T
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RamDA-seq: £ { ¢ D 112 5T £ K Total RNA-seq%

RT-RamDA
L N 3!
5 NSR SH 4114AAA
\ NSR  RNA TTITIT
Not so random primer \

Oligo-dT primer
1. cDNA synthesis

A,
e
cDNA

RNase H minus
RTase

2. Random cDNA cleavage in RNA-DNA hybrid

= = = ‘F;\444AAAA...

* = e

DNase |

3. Strand displacement amplification

=T

4
2 44AAAA...

- N\ 4
’ T4 gene 32 protein

”'\-/-.\%777

- e ——r
- 'ﬂ‘1
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Hayashi T. et al. Nature Comm. 2018
Patent: WO2016052619A1
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Single-cell total RNA-sequencing® A 7«4 WL A T AANDIGE

% il & FIRH| D BEHE
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RamDA-seq® & 1k
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Random Displacement Amplification Sequencing
Noncoding RNA
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method for single-cell localtes such as non-poly(&) RNAs, pre-mRNA, and eRNA. This
e cells such as in cancer biology, neurobiclogy and immune biclogy. As many biologically important cell
neous cell populations, the accumulating evidence suggests that there s an importance of gaining information at

Protocol: C1-RamDA-seq Duration (H:M): 4:00
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Tested Primary Cells or Cell Lines
Cell Name Cell Type Source

5GEGR mouse ES cells Embryonic stem cells Cellline
Mouse PIE cells Primitive endoderm cells Primary
HEK293-T cells Human embryonic kidney Cellline
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Performance
Ct.RamDA-seq profiles detects 30,000 transcripts (4.0 M reads/cell, single-end 75 bp) with recursive splicing in >300-kb inirons and detects enhancer RNAs and
their cell type-s spec cific activity in mouse embryonic stem cells. C1RamDA-seq demanstrate the dynamics of gene expression, RNA-processing events and
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Single-cell full-length total RNA sequencing uncovers dynamics of recursive splicing and enhancer RNAs
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Quartz-Seq2 & RamDA-seq
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Achievements

/a

1Ml Sz F IR

Quartz-Seqg2: highest sensitive and high-

throughput single-cell RNA-seq
(Sasagawa Y. Genome Bio. 2018, Mereu E.
bioRxiv)
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RamDA-seq: Single-cell Full-length Total RNA-

seq (Hayashi T. Nat. Comm. 2018)
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SCODE: prediction of transcriptional regularity
network (Matsumoto T. Bioinformatics 2017)
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ODEGRfinder: De novo transcriptional
region finder (Matsumoto T. NARGAB, 2019)
Millfey: scRNA-seq viewer on genome
context (Ozaki H. BMC Bioinformatics)
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OnlinePCA.jl: PCA algorithm for
large-scale scRNA-seq data
(Tsuyuzaki K. Genome biol. 2019)

scTensor: Prediction of cell-cell communication
from single-cell RNA-seq (Tsuyuzaki K. bioRxiv.
2019)

Cellfishing.jl: Cell Similarity search
(Sato T. Genome Biol. 2019)
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