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Poly-A tailing (Target: all cDNA) Reproducibility and sensitivity
\

Microarray Seq (Solid) Microarray
Seq (Illumina)

Brady et al. :> Kurimoto et al. :D Tang et al. |ﬂ:>
1990 2006 2009 Quartz-Seq/Chip

o /

Template switching (Target: full length cDNA)

4 Seq (RPKM, Illumina) Transcript Coverage A
SMARTer @ Smart-Seq 2012

system % n ,
Seq (tag count, lllumina) ~ /7/9h-throughput (5" end)
o STRT-Seq 2011 y

In vitro transcription-based

Seq (tag count, lllumina) |  High-throughput (3’ end)
CEL-Seq 2012
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Poly-A tailing (Target: all cDNA)

[Full length cDNA] [Truncated cDNA]

Reverse transcnpfion 4 Reverse transcnplion +

Poly-A failing Il Poly-A tailing ‘

i

Amplifiable Amplifiable

TruncateZXcDNABL R R EH D,
Template switching (Target: full length cDNA)

[Full length cDNA] [Truncated cDNA)]

=3 =

1 i
T e —

Reverse transcnpfion § Reverse transcnplion +

=

v l v l | 4y l TT T l - -l

Tempiate switching 4 Te.m‘c.'a.‘exrcmng ‘

‘ L

Amplifiable Non-amplifiable



Quartz-Seq;E D=

WTA LIMprep

Detection platform
@AAAAA + TTTTTIM

10 pg total RNA . T Amplified cDNA QuartSeq

Whole-transcript amplification

AAAAA TTTT T s AAAAAITTI[CM]
+ TTTTIIM cul
- TTTT M
1. Reverse Transcription A ) [CM] AAAAA s TT T T T[IZ[GM]
v
17 ¥ fragmentation by covaris
T |
v i B
) ¥ Mmultiplex-library preparation
) N s AAAAA 17
2. Primer digestion . TT T T T[] Ly, (|| |
N — —
(7 * Suvival 1
M)
. o - o0 =0 o o ¥ Sequencin
3. Restricted-Poly-A tailing  AAAAA e TTT T TIAM] AAAAATTTTT[TZM] T T q 9
lllumina sequencin
v v l 9 9
[MTTTTT MTTTTT
AR TTTTIEE - AMAAATTTTIEEED Sequence Library DNA
4. 2nd strand synthesis v v T r
By-product (200bp>) v
[T TTTT e AAAAATTIE ([ 77 77 T AAAAAIZI] a b _
[MAAAAA s TTTTTTAM] [MJAAAAA TTT T TN T 20
“ Averaged size: 1750+15bp ."" Y §
v v ) A g
ATr, A g 60
v . ) g1 S0
<, o . ,,#j' \Q g
M AAAAA s TTT T T[T [M] < I P id WA 5 20
EE <X S S PO Ao . Eo
- c
v & Suvival -
. T [ s
5. Enrichment by [CMI TTT T T s AAAAATT][GM] ?‘A 77‘ “‘ T | Averaged size: 168+3bp |
o [CM] AAAAA s TTT T T| = | - i
Suppression PCR cm — <, v w | .‘
< o !
. g X @ Frr ’
© “ | AR |
Vv JEEE = 6 i
[CM] TTT T T s AAAAATTI[GM] X oo R m ok e e L
[CM] AAAAA s TT T T T{T7] [GM] d
* ! w" Averaged size: 168+3bp | ==
. . [CM]TTTT T e AAAAATTI[GM] X | \
v 6. Purification I AAAAA oo TTTT TGN \‘ ‘

Amplified cDNA e e e
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WTA

C_aaan + TTTTIE

Whole-transcript amplification

Vv
AAAAA
+ TTTTTIIM
e TTTTTI]
1. Reverse Transcription A
v
AAAAA
TTTT IO + TTTTTIAM]
v
2. Primer digestion TTTTTIAM] 177 M
A Y
Vv * Suvival
-
3. Restricted-Poly-A tailing  aaaaa TTTT T AAAAATTTTTIZM]
Vv v
MTTTTT MTTTTT
AAAAA TTTTTEIM AAAAATTT T TTZM]
4. 2nd strand synthesis v v
By-product (200bp>)
MTTTTT AAAAATTI[M] [MITTTTTAAAAATTIM]
[M]AAAAA TTTTTIAM] [M]AAAAA TTTT TTAM]
Vv v
ATT
v —
<&
[MIAAAAA TTTTTIAM < @
=5 <X [©m
Vv & Suvival
. T
5. Enrichment by CMTTTTT AAAAATTIGM] VA T
. [GMIAAAAA TTTTTTIGM] =
Suppression PCR T
<
== P |
v
07
GMTTTTT AAAAATT][CM] x
[GMIAAAAA TTTTT[TI[CM]
v
X i GMITTTTT AAAAA[TT][GM]
6. Purification GMIAAAAA TTTTTIIGH

17

17

LIMprep

Detection platform

Quartz-Seq
GMITTTTT AAAAATI[GM]
[CM]AAAAA TTTTTIAGM]

¥ fragmentation by covaris

¥ multiplex-library preparation

¥ Sequencing

lllumina sequencing
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Pon-A tailing (Target: all cDNA) Reproducibility and sensitivity
\

Microarray Seq (Solid) Microarray
Seq (Illumina)

Brady et al. :> Kurimoto et al. :D Tang et al. |ﬂ:>
1990 2006 2009 Quartz-Seq/Chip

ES 10 pg total RNA (WTA) #2

Quartz-Chip ~ Kurimoto et. al. " §
< |y =091x+05 # o[y =084x+087 ® < _
~1R=0.903 ?If ~1R=0.863 S g Overlapping between
N [ 7520 of 9622 (78._2:‘% S ~ | 5224 o‘fv697»6 -(74.9;_% 5 g fwo methods
=) < 2 viisan g
iz g3 .
~~00 4 E ~—00 w— O
~ R o Y
+ o + o O
< © 4 + <L - o 9O
: 23 28
< Sheah R Quartz-Chip
B N B | RES Kurimoto et. al.
2 4 6 & 10 12 14 2 4 6 & 10 12 14 W Oe’}’
ES 10 pg total RNA (WTA) #1 ES 10 pg total RNA (WTA) #1 \\(‘}(\ >
log2 (RMA+1) log2 (RMA+1) e
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Kurimoto et al. 2006

Whole-transcript amplification for Kurimoto et al. method

Ready to use

Quartz-Seq 2013

Whole-transcript amplification for Quartz-Seq/Chip

500bp

300bp
200bp

17 PCR tubes/cell S e " 1PCRtube/cell < ==
(7 v
L . » Wimm ¢ TTTTm
1. Reverse transcription v 1. Reverse transcription o
mm +  TTTTIV 17 Mmm  + TTTTmm
v ¢ v
2. primer digestion e TTT [ 2. primer digestion M mm rn)@ (am
A ) -
v \\"Suvwal l " ‘\\ Suvival
M
3. Poly-A tailing AAAAA - T AAAAATTTTTIV \/ 3. Restricted-Poly-A tailing aaaas -~ Trr7mm AAAAATTTTT[T7M]
v v . v v
MrTTTT BTTTTT MTTTTT MTTTTT
AAAAA TTTTTVA AAAAATTTTTV . AAAAA TTTT I AAAAATTTT T
4. 2nd strand synthesis v IRIRIA T 4. 2nd strand synthesis v v
v By-product (200bp>) By-product (200bp>)
BATTTTT AAAAART] X MTTTTT AAAAATTIM | [W]7 77T TAAAAATZI]
WaAAAAA TTTTTV e [@AAAAA TITTIEM | [EAAAAATTTT TG
v v 4 v v
AAAAA TTTTI <) AT~
: %) . . v L
5. Enrichment by PCR ARSI HAIRIAIN 5. Enrichment by LYYV Tmm <,
< Y vy Suppression PCR =g X
(20cycle) BETTTTT AAAAARD] A TTTTTAAAAARA N pp -
FB1AAAAA TTTTTVA MEIAAAAATTTTTIVA (<21 cycle) v 0 Suvival
6. Column purification v v
purified cDNA By-product (200bp>) %H:;Z ?ﬁ?%
i
v v o
, N e e e T RIAIAIA
7. Enrichment by PCR TTTTTVAED DBIAAAAATTTTTV T v L2
17 v
(9 cycle) ETTTTT AAAAATTIT [ CHTTTTT AAAAATTICH]
B TTTTTAAAAANA]
BAAAAA TTTTIVAMD | [GIAAAAA TTTT TV i [GMAAAAA TTTTTIIGT] X
8. Column purification ¥ v ! 6. Column purification v
BETTTTT ARAAAIIET  (EEITTTTTAAAAAR] . Ready to use
AAAAAA TTTTTVAM] MAAAAAATTTTTIVA m
9. Gel purification v v E 6. Column purification
METTTTT AAAAAVITR
DolAAAnn pasiaa o X Gel removal N
10. PCR enrichment -
. HAIRIAN
(1 cycle) MTTTTT AAAAAVTITT 3000bp
BlAAAAA TTTTTVATI 3 2000bp
amplified cDNA
11. Column purification v 1000bp P

17

1

9. Gel purification

100bp
M2 M3

technical replicates (n=10)

1000b
P with 10pg total RNA

500bp
100bp

amplified cDNA
<4By-products

technical replicates (n=6)
with 10pg total RNA
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1. Fvl)—F—/n

2. PCR byproduct
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Average of gPCR quantity (AU)

1) —F—/\—[Z&KYDNAD EIESEDHE

3000
2500
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~
v
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cCONAIBIRERIO YT )L = HLIAADREE

Ex Taqf# FH

Quarter

Quarter+P

All

All+P

X ) A —N\—ZF 5T =6IZ,
Quartz-Seq CIZIENEERIETH
RIERDRT—IVE1/2.2712,

Quarter Quarter+P
T4T solution TdT soltion
12 4l 12
‘ -
L] SOl usSe byl LIS
¥ RL:T, vfirrr
3 ul x 4 lubes 3 ul x 4 lubes
¢ d
add PCR solutior add PCR solution
- +
17
50 ul x 1 lube S0 wl x 1 lube
$ <
20 cyele PCR 20 cycle PCR
¢ <
1B |
¢ !
Purification Purification
! $
V1
+ 4

qPCR check

FzTClElE =

12 il x 1 lube

!

add PCR solution

i

50 ul x 1 tube
!

20 cycle PCR
4

!
Purification

4

4
gPCR check

A

1 B |

12 ul x 1 lube

)

add PCR scolution

$

50 ul x 1 tube
)

20 cycle PCR
)

)
Purification

$

+
gPCR check
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250000 - T

200000
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100000 -

—

Total yield of amplified cDNA
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10 pg ES-cell total RNA (n = 8)

CV of 10 pg ES-cell total RNA (n = 8)

3.5

3.0

25

2.0

1.5

1.0

0.5

3.0

25

2.0

1.5

1.0

0.5

0

B 1875 PCREEZ= D EIR

Ex Taq DNA polymerase

y =1.1061x - 0.4603
R =0.88011

+4&

0 05 10 15 20 25 3.0 35

200 ng ES-cell total RNA

° CV average: 0.80

0 05 10 15 20 25 3.0 35

200 ng ES-cell total RNA

=

~ &

3.5
3.0
25
2.0
1.5
1.0

0.5

10 pg ES-cell total RNA (n = 8)

3.0

2.5

2.0

1.5

1.0

0.5

0

CV of 10 pg ES-cell total RNA (n = 8)

SHOHRE~

KOD Fx DNA polymerase

y =1.0374x - 0.2279
R =0.90901

o o

—

0 05 10 15 20 25 3.0 35

200 ng ES-cell total RNA

CV average: 0.54

0 05 10 15 20 25 30 35

200 ng ES-cell total RNA

10 pg ES-cell total RNA (n = 8)

CV of 10 pg ES-cell total RNA (n = 8)
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1.0
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0

MightyAmp DNA polymerase

y =1.0161x - 0.1581

R =0.91586

0 05 10 15 20 25 30 35
200 ng ES-cell total RNA
CV average: 0.45
0 05 10 15 20 25 3.0 35

200 ng ES-cell total RNA
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2. PCR byproduct



PCR

byproduct

~TEDANZA L~

1 : 190,000 <

@AAAAA + TTTTTIAM]

4
e ee + TTTTTIAM]
1. Reverse transcription TTTT TN
4
¢$$¢¢IE|M| + TTTTTTAM
4
2. Primer digestion Yrtmm o omm
« Survival
3. Restricted L L -
. AAAAA TTTTTIdM AAAAATTTTTIAM]
poly-A tailing
4 4
MTTTTT MTTTTT
AAAAA TTTT I AAAAATTT T TIZ[M]
4. Second strand synthesis v v
Byproduct (< 200 bp)
[MTTTTT AAAAATZIIV] [MITTTTTAAAAAITIIVM]
[MIAAAAA TTTTTIa[M [MAAAAATTTT T4
4 4

<fff:j €«

] «

7

—
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Byproduct
~TSAR—DRRIZITTIER YR~

1 : 190,000 <

@AAAAA + TTTTTIM
v T

AAAAA
TTTT A + TTTTTIOM™

1. Reverse transcription Y
AMMAA e+ TTTTIEIE TT 3000 bp
Y
- 1
2. Primer digestion Y mm r)mm ﬁ 000 bp
N v
7 « Survival J 500 bp
3. Restricted - < T 300 b
poly-A tailing AARAA T AAAAATTTT T v 200 bB
v v 100 bp
IELT\;ZI— TTTTTIAM I\I\;;;TTTTTIEIMI
. 7 v
4. Second strand synthesis Byproduct (< 200 bp) ]7
[MTTTTT ——————— AAAAATTIM] [ 77TTTAAAAATTIM]
[AAAAA ————— TTTTTIAM]  ([MIAAAAATTTT TN 10pg total RNA (-) 10pg total RNA (+)

4 4 v



Byproduct
~ Suppression PCRIZ &k HbyproductiE g | ~

w. —— @
4. Second strand synthesis v | v
EDAAsAA reer D00 ED) ()
v v )
I o 0
bE <X
v & Survival
5. Enrichment by D 4
_ T 05D
suppression PCR
- [j XX [m
L
EETTTeY FWETS gy ity



DNA size

Byproduct
~Suppression PCRD /\TA—4

j/\// ﬁ/_\—//
> ﬁ/_\—/ ﬁ/\_/
ﬁ/\/// 22—
y o —— Ta—
—_— — ﬁj/@ - 27—
2 ~—
:}/\_// CIP
Primer [Amplifiable] [Non-amplifiable] )
- j/\/
— V0V
_— > i (|? ! (?
22— !
Template DNA 52— (|?
. L
i
— > fgnyT
voroR

Primer sequence
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DNA size

TTTTTAM]

Byproduct

~DNADH A AZhE ~

Primer

-

_—
Template DNA

[Amplifiable] [Non-amplifiable]‘

Q@
(.??(,?

2

j/\/
ﬁ/\/
e
ﬂ/\/

\.

AAAAATTTTTIAM]

- —4
=
—
—
—
-—
-
-
-

M2 M3

M2

1 min 1.25 min 1.5 min

TdT reaction time

M3 1.75min 2 min 3 min 4 min

TdT reaction time
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Primer sequence

Byproduct
~Suppression PCRTZ2AY—DhE ~

----- oD
| L
l'-:
j_ ”,‘ .91
A >
- — N (,p('?
e > 2 —— I (|?
S
2
= I 1 O'
=2 — O | o
— > = | |
Q@ Q!
D
3 (;/\5’(?(.? (.PQ(.?
|
- ! (I? : (IP (PI |
Q@ Q!
A: 5 TATAGAATTCGCGGCCGCTCGCGAT 3’
B: 5" GTATAGAATTCGCGGCCGCTCGCGAT 3’
C: 5  CTATAGAATTCGCGGCCGCTCGCGAT 3’
D: 5 TGTATAGAATTCGCGGCCGCTCGCGAT 3’

e

* » - Byproducts

M2M3 A B D ABDABDABUDABDABD

Supression PCR primers

3000 bp

= = - |
-

500 bp
300 bp

200 bp - - - ® -5 e »n >

M2 M3 A B C A B C A B C A B C

Supression PCR primers



Byproduct
~BHOEHEHLETANRMNIET ~

o1 |.Z‘1 ‘.3:2 ‘ 4:3 ‘.5‘4 6:5 @76 8:7 @93
[FUl, .
Averaged size: 1750 £ 15 bp
600+
3000 bp 5001
2000 bp a0,

1000 bp

300+

2004

" ’L,\M
- :
M2 M3 3|5 ‘ 1(|)0 150 260 360 460 560 660 I 1d00 20b0 I |10é80 [bp]
Technical replicates (n = 10)

500 bp

300 bp
200 bp
100 bp




T A AEDNAE S A T SER DB R

[Short] [ Middle ] [Long]
. 5 3 5 3 5 3
Amplified cDNA  O= o5 45— o5 3 — =
Modified 5' end * * *
e —— —
Fragment cDNA R o — e . =
& b b
Sequence X e ——
library DNA — —
[ Short] [ Middle ] [Long]
. By 3 5, 3 5,
Amplified cDNA . o5 1 o5 3 =05
b & J
o — —
Fragment cDNA — o= o o— =
= ——
& A b
Sequence R = —————
library DNA S -

EULDNAMGIE, BG4 —RAVHIZK0Y,



T A AEDNAE S A T SER DB R

100 bp >

|®2: ®::

Averaged size: 168 £ 3 bp

[FUi_

160+
140+
1204
100+

80+

60

40-
20
U—M

=20

35 100 150 200 300 400 500 600 1000 2000 10380 [bp]

FATZVERBFIZITOAmpure XPDFFHIZELY ., 100 bp AT KRHONDHD T
Zymo DNASIZEDHT LZEHERAT 5. LLLIIPEGDREZEZ S



T A AEDNAE S A T SER DB R

a . . ) b

L - . L 80
Averaged size: 1750 + 15 bp _
2 70 -
T/ f—,:( 60 -
CDNA X | ‘| B 50 4
\ Q
|| & '\‘ | g 30
i i S — S 20 -
3 0 £0 00 - 2000 10380 |bo .E
2 10 1
. . L >-
Averaged size: 168 £ 3 bp 0
| |
% T {EDNA | |
|
d

Averaged size: 278 £ 5 bp

547 3'JDNA
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Reverse transcription c p =0.00018
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S |
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. c 0.15{
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