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Liquid-phase nonTS/TAS-Seq using a reverse transcriptase having
terminal transferase activity

Step 1: Universal 1
e T T s
Target RNA capture TT T.\_TT..T
O TT.-T AA--A
mMRNA is captured using a O T T Full-length mRNA
poly(A) RNA-capture oligo. or mRNA with an incomplete length
Universal 1
Step 2: ® TT--T CDNA CCC {or NNN)
Reverse transcription T Full-length mRNA
Reverse transcription &—TT7--T
reaction is carried out using TT T CDNA o e
a reverse tfranscriptase A
having terminal transferase mRNA with an incomplete length
activity (synthesis of cDNA, c¢DNA whose s ; ;
s L ynthesis has stopped midway
e e —u:
thqus Cond) Full-length mRNA
Step 3:
Removal of unreacted cligos
by column purification etc.
Step 4: Universal 1
RNA degradation and T ceclorti eeretase)
homopolymer tailing ——TT--T: $NNN CC+ -+ -C[ddC]
—TT..T »CCx-=-C[ddC]
Universal 1
@a T 0T »CCC{or NNNJCC+ -+ -C[ddC]
Step 5: % GG+ -G
P \Universa!Z
2n® strand synthesis
A primer o—TT:-T BNNNCC»»++C[ddC]
R \ i bG-..-G
S gt (3G e e (503 \Universa!Z
is added to carry out
second-strand synthesis. ° S *vc%--_-_-_%[ddq
2nd strand DNA - \UniversalZ

Step 6: PCR amplification

Fig.1
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TS/TAS-Seq (solid-phase system) using a reverse transcriptase having
terminal transferase activity but having no strand displacement activity

Universal 1

by

Step 1: .
Target RNA capture -

mRNA is captured using a
poly(A) RNA-capture aligo.

PA.'..'E
"Full-length mRNA

strand of Universal 2 is
synthesized
continuously after CCC.

l The complementary

or mRNA with an incomplete length

Further addition of bases to the 3'-end
of the complementary strand of
Universal 2 may occur to form a
protruding end (the addition may not
occur in some cases).

Step 2:

o Universal 1 cDNA Temnl

Reverse transcription T emplate
itchi “Full-length mRNA switched cDNA

and template switching 9 . i

o <DNA Discontinuous
Re"efse transoflpt|on . i CCC {or NNN) I Non-switched cDNA 1
reaction is carried out using Full-length mRNA
a reverse transcriptase cDNA

i ; TT- - T e NNN i

having terminal transferase - | Non-switched cDNA | Universal 2
activity in thg presence of a mRNA with an incomplete length COrG
template switching oligo T [Non-switched cONA | (tcrsommmenn

(synthesis of cDNA, addition
of an additional sequence
such as CCC to the 3’-end,
and hybridization of the
template switching oligo).

Step 3:
Removal of unreacted oligos
by exonuclease treatment

Unreacted template switching
oligos are removed by washing

the solid phase, and then

unreacted poly(A) RNA-capture

oligos are removed by
exonuclease treatment.

Step 4:
RNA degradation and
homopcolymer tailing

Step 5:
279 strand synthesis
A long primer
5 e (3G e s 2G50
and a short primer
5" - a3 are added to

carry out second-strand
synthesis.

TGrG G

AA--A
Full-length mRNA\
c¢DNA whose synthesis
l has stopped midway

Template switching oligo

Universal 1
cDNA

¥ CCC

fGrGr Gl

" FUl-length mRNA A “Unversal 2

Discontinuous
& CCC {or NNN}

A Full-length mRNA
romemomomscsannsm i N NN

2 NNN

cDNA

o [\ ———
mRNA with an incomplete length
\..7.cDNA whose synthesis has stopped midway

e Full-length mRNA

|

Universal 1

P CCC BHBEEENNN

Cr=+-C[ddC]
[
Universal 2

»CCC(or NNN)CC+»++C[ddC]

TT==T

TT+ = T NNN CC # * # * C[ddC]
TT # 2 T commsmssssmmmesmssmasmmnsassaes (< O » o +C[ddC]

Universal 1
1T & COL s CC--++C[ddC]
.4* " GGrenr i
o Universal 2 Universal 2
.\1—;..1- 9 CCC{or NMN)CC+ +++C[ddC])
s GGG )
Universal 2

TT - - T NNN CC » = « « C[ddC]

GG""Gwniversal 2

i?;\,’ﬁ..T__,__.___—mpCC. ---C[ddC]

GGares
G G\Jniversa! 2

Step 6: PCR amplification

Fig.2
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TSITAS-Seq (solid-phase system) using a reverse transcriptase having
terminal transferase activity and strand displacement activity

Step 1:

Target RNA capture
mRNA is captured using a
poly(A) RNA-capture oligo.

Step 2:
Reverse transcription

and template switching
Reverse transcription reaction
is carried out using a reverse
transcriptase having terminal
transferase activity and strand
displacement activity in the
presence of a template
switching oligo (synthesis of
cDNA, addition of an
additional sequence such as

I Iniversal 1

Universal 1

A il Tength mRNA
or mRNA with an incomplete length
l Second-strand synthesis proceeds while mRNA is
stripped from cDNA by the strand displacement
activity of the reverse transcriptase.

The complementary
strand of Universal 2 is
synthesized continuously
after CCC.

Further addition of bases to the 3'-end of the
complementary strand of Universal 2 may occur to form a
protruding end (the addition may not occur in some cases).

cDNA

Template

cC
GIGIG

\AA
N
TT::‘/F\--“—S-D‘LQM NN

2nd strand DNA switched cDNA

cDNA “C or piRs
Tk CC {or MNNY Non-switched cDNA
Full-length mRNA

Universal 2
X » Non-switched cDNA (GGG m—
mRNA with an incomplete Teng GG Cm—

hybridization of the template ” Full-tength mRNA\ Template switching oligo
switching oligo, and synthesis cDNA whose synthesis
of the second strand for the has stopped midway
switched cDNA).
Step 3: Universal t
p ' \ s cDNA p—
Removal of unreacted oligos pet g G C—

by exonuclease treatment

Unreacted template switching
oligos are removed by
washing the solid phase, and
then unreacted poly(A) RNA-
capture oligos are removed
by exonuclease treatment

AR--A

: \A-'I.'.-R sbid CCC {or NNN)
DNA  Full-length mRNA
T+ o Tovomeoomemscomoocosessasamssonsad NI

mRNA with an incomplete length

Full-length mRNA

1

Universal 1

Step 4:
RNA degradation and
homaopolymer tailing

Step 5:
2" strand synthesis

A long primer

S GG e G- 3
and a short primer

r f
5 -meem-3" 50 added to
carry out second-strand
synthesis.

> CCCEEEENNNCC -+ - C[ddC]

kTT--T

o

TT » = Temrsosmsssmmmnsmod NNNCC - =+ =C[ddC]

L ]
Universal 2

CCC {or NNM)CC-+=-C{ddC]

+ + Tssmmmmmmesmoneeeerdle CC+ + =+ C[ddC]

Universal 1
\ T CCCmNNNCC == »C[ddC]
o W GGG .
Universal 2 Universal 2
CClor NMN}CC»++ +C[ddC}
CBeenn .
«s2eC[ddC] Universal 2
Universal 2

D e ————— S R S C L1

G,
wniversal 2

l

Step 6: PCR amplification

Fig.3
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TS/TAS-Seq (liquid-phase system) using a reverse transcriptase having
terminal transferase activity but having no strand displacement activity

Step 1: Universal 1
Target RNA capture ﬂ"T.L_TT._T
. X Dy TT » o T .
mRNA is captured using a o— .. Full-length mRNA

poly{A) RNA-capture oligo

The complementary
strand of Universal 2 is
synthesized continuously
after CCC.

Universal 1 \
\ cDNA

o TT-T cC

Step 2:
Reverse transcription

and template switching STt T ]
CONA Discontinuous
Reverse transcription ° ”; . bl YA
reaction is carried out F%}\;}\engfh mRNA
using a reverse S JRi——"M¥ | Non- switched cDNA_|

transcriptase having
terminal transferase

mRNA with an incomplete length

& NNN | Template
Full-lenath mRNA 1§ switched cDNA |
# CCC {or NNN) | Non-switched cDNA

activity in the presence of
a template switching oligo
(synthesis of cDNA,
addition of an additional
sequence such as CCC to
the 3'-end, and
hybridization of the
template switching oligo).

Full-length mRNAN

Step 3:

by column purification etc.

Universal 1
. .. cce NNCC»=+C[ddC.
Step 4: @ TT- T i [ddC)
_ Universal 2
RNA degradation and @ T T CCClor NNNJCC=+++C[ddC]

homopolymer tailing
@reemmne T+ + Tomsmnssamsrmmmeemmmsos NNN CC » + + » C[ddC]

@ [T+ T st C . 2 2 C[ A C

Universal 1
Step 5: [ B $C i NNN CCe = == C[ddC]
) Universal 2 GGG
2"d strand synthesis
+CCC{or NNN)CC =+ C[ddC]

@7 .. T

A long primer

5 g GGG 3
and a short primer

B TT - - T NNNC C + =+« C[dAC ]

GGree (5
\Universal 2

, e
5’ - mmnn -3 are 2dded 10 gue T, T CC 1 C[C]

_ PR
carry out second-strand o e DNA G \Univem] )
synthesis.

Step 6: PCR amplification

Fig.4

® .H._:me__,_(.._,\ {Non-switched cDNA l

Removal of unreacted oligos

or mRNA with an incomplete length

Further addition of bases to the 3'-
end of the complementary strand
of Universal 2 may occur to form a
protruding end (the addition may
not occur in some cases)

Universal 2

GrGrG m—
IGFGIG mem—
TGrGrG mme—m
Template switching oligo

cDNA whose synthesis
has stopped midway

Universal 2

GG-=+G, )
\vaersal 2
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TSITAS-Seq (liquid-phase system) using a reverse transcriptase having
terminal transferase activity and strand displacement activity

Step 1: Universal 1
Target RNA Capture b TT"T. — The complementary strand
) » L Adss of Universal 2 is
mRNA is captured using a o—m..7 [ull-length mRNA‘ synthesized continuously
poly(A) RNA-capture oligo. or mRNA with an incomplete length after CCC.

Second-strand synthesis
proceeds while mRNA is
stripped from cDNA by the
strand displacement activity
of the reverse transcriptase.

Further addition of bases to the 3-end
of the complementary strand of
Universal 2 may occur to form a
protruding end (the addition may not

. OCCUr in some cases).

Further addition of bases
(NNN) to the 3’-end of the
synthesized 2nd strand DNA
may occur (or may not occur)

Universal 1
Step 2: \ /
° \ TTeT cDNA'

Reverse transcription and NNN 2nd strand DNA

Template
switched cDNA

template switching o—TT--T cDNA
Reverse transcription reaction is carried e=—1r--1  * ™ ARk CEC for NNN) | Non-switched cDNA
out using a reverse transcriptase having ®——TT-7 Full-length mRNA Universal 2

i i cDNA
terminal transferase activity and strand e—TT.-T—————— [ Non- switched cDNA o /
ncomplete lengt

displacement activity in the presence of ATMRNA with an i

a template switching oligo (synthesis of rrmr’G‘G’G—
cDNA, addition of an additional ) TN r‘———“l Creiommm—
sequence such as CCC to the 3'-end, ety Non-switched cDNA | yomppate switching oligo
hybridization of the template switching Full-length mRNAY

oligo, and synthesis of the second cDNA whose synthesis has stopped midway
strand for the switched cDNA). Step 3:

Removal of unreacted oligos

Addition of poly{C) to the 3’-non- by column purification etc

protruding-end may occur

although its efficiency is low. Universal 1
@ TT o T “NNNCC-»»-C{ddC]
[ddCICCse»+C¥ ¥ -

Step 4: Universal 2
. O TTosT B CCC 2 NNNCCr e -ClddC
RNA degradation and [dICICC - - -CNNN-% 7 —— aac)

- * Universal 2

homopolymer tailing

P # CCClor NNN}CCx»++ClddC)

@ [T+ + T NN CC »  + + C[ddC]

O T+ + Tesmmmemmomsommmsssmsamcey. CC » + + » C[dAC]

Universal 1

Step 5:

. =TT T CC )

n T & w2
Azlon;trsﬁg;\r/ntheas Universal 2 \Universal 2
. *—7T.. +CCC{or NNNJCCe» »+C{ddC
5 et GG- 0 G- 3 e SRR

Universal 2

and a short primer
= ot D T+ » Trosososmmsemansmomasonnsongs NNN C.C - = = - C{ddC
5’ - e - 3 are added Gree et

-G,
Universal2 === === == -==—- - —— - - — - - "
to carry out second- \ 1 quniversal2 |,
; H \ Yniversal 1
strand synthesis. P T+ Temrmmnmmemstimsssnsdy .G « - C[ddC ] ' GG
GGree+G . 1 [ddCICCe--+Co
2nd strand DNA Universal 2 *
\ '
1
i
1
1

QIWFSB' 2 Yniversal 1
GG G

[ddCJCCe =+ ~CNNN#:

Step 6: PCR amplification

Fig.5
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Human peripheral blood
mononuclear cells

1004

50

total cDNA yield (ng)

Fig.6
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Human peripheral blood mononuclear cells

Template-switch + TdT method

TdT method
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Human peripheral blood mononuclear cells

TdT method Template-switch + TdT method

Reverse transcription Reverse transcription
53°C, 301.8 ng cDNA 53°C , 562.6 ng cDNA
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Reverse transcription Revearse transcription
37°C, 308.2 ng cDNA 37°C, 431.5ng cDNA
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Total RNA derived from NIH3T3 cells
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Mouse spleen cells

Number of detected genes Number of reads per cell
per cell
10000 e ;
7500+ S : ; o
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¥ " on o . p M &
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O O Y Sy iy N
GGG G D
AR LR AT AT AR AR

10X v3: 10X Chromium v3 (GSE192930) include-intron mode (template switching method, liquid phase)
BD1-BD3 : BD Rhapsody WTA kit (random priming method, solid-phase beads)

TAS-Seq1-1~1-3 : TAS-Seq (TdT method alone, solid-phase beads)

TAS-Seq2-1~2-3 : TAS-Seq2(template-switch + TdT method, solid-phase beads)

Fig.11

Human peripheral blood mononuclear cells

Number of detected genes Number of unique molecules
per cell detected per cell

18405

nUMi

16403 -4

10X: 10X Chromium v3(template switching method, liquid phase)
10XTASSeq2: 10X Chromium v3 + TAS-Seq2(template switching + TdT method, liquid-phase)
Each number at the end indicates the sample type.

Fig.12
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