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Outline of the talk

- Introduction
Gene network analysis by gPCR quantification from single cell

- Novel method: C1-CAGE

- Results and Outlook
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Transcriptional Regulatory Network
(TRN) of monocyte differentiation
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Profiling of PMA-induced THP1 single cells
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Relative
expression

PPARG expression at single cell level
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MYB acts as a network-hinge controlling
positive and negative co-expression
networks

— Positively correlated

—— Negatively correlated

PRDM1

Kouno T., et al. Genome Biology 2013




Comprehensive gene detection
at the single cell level...



Single-cell RNA-seq

(C1 RNAseq)

Poly-dT primed, Tagmentation,
Exon coverage

Fluidigm C1 system



Workflow

Imaging/
Fluorescence
measurement

Cell Loading/
prepararation capture
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Single cell database

SINGLE-CELL DATA INTEGRATION PLATFORM

"A resource for the single-cell research community™

» Fucc d » AS549 cells» Non-RIKEN single-cell datasets» A user guide j) Home page

N o0 B o

Detais found: 480 [1 2 3 4 5 6 7 8 9 10 ]Next:last Page 1 of 40 Records Per Page: 12 v

O Sequencing Cell Images (1 1772-067-039_H12 0.99 0 FALSE 16.05 55.14 4,094.97 107.38 0.86 0.00 0.00 0.00 490.41 62.31 144 95,808.50 1,345.75 504.76 NA 3482812 TRUE FALSE

O 1772-067-039_H11 0.76 0 FALSE 12.93 18.34 4,089.20 158.96 18.01 0.00 0.00 000 41541 42.22 0.93 99,136.09 1,171.40 434597 NA 3220926 TRUE FALSE
O 1772-067-039_H10 0.20 0 FALSE 12.68 12.87 11,482.60 1,870.26 2.01 22.09 0.00 0.00 447.74 84.33 8.03 129,280.12 3112 23.09 NA 996116 TRUE FALSE
o 0O 1772-067-039_H09 1.88 0 FALSE 78.01 14.84 4,272.88 121.15 111 0.00 000 0.00 69541 57.43 630 92,003.76 2,015.10 729.50 NA 2699118 TRUE FALSE

2-067-039_H08 1.13 0 FALSE 17.85 85.97 4,167.22 141.74 0.63 1.26 000 000 53578 7371 4.09 88,573.64 1,412.70 511.85 NA 3174782 TRUE FALSE

Cellid ¥ jon Error Fluo QC Ch2 corrected Ch3 corrected Low complexity SPIKE 1
Sequenang (1) Celimages (1) 1772-067-039_H12 099 0 FALSE 16.05 55.14 4,094.97 107.38 0 Ce” I D
X Proceed to Cell Images

it cDNA concentration

n fluorescen:

Fluorescence intensity
Read number
etc.

1772-067-039_H12

) «Cell Images

\a
Sequenong (1) Cellimages (1)  1772-067-039_H11 0.76 0 FALSE 1293 18.34 4,089.20 158.96 18
sequencing (1) Cell Images (1) 1772-067-039_H10 020 0 FALSE 12,68 12.87 1148260  1,870.26 2
rror Fluo QC Ch2 corrected Ch3 corrected Low complexity SPIKE 1 SPi SPIKE 7 SPIKE 3 §
O [ sequencing (1) Cellimages (1)  1772-062-248_A01 3.74 0 FALSE 39.87 94.24 3,094.44 4,149.69 292.77 41.50  0.00
X Proceed to Sequencing
Details found: 1 Page 1 of 1

brary Experiment accession Well

«Sequencing

TAAGGCGA-
1772-062-248_A01  DRR028211 TAGATCGE RNI10371 DRX019711 AO1  1772-062-248

O [ sequencing (1) Cellimages (1) ~ 1772-062-248_A02 047 1 TRUE 0.00 0.00 34,459.27 575250 18257 1968  0.00

O] sequendng (1) Cellimages (1) 1772-062-248_A03 283 0 FALSE 14.08 30.26 243086  6193.90  657.04 2022  0.00

http://single-cell.clst.riken.jp



Single-cell CAGE
C1 system (Cl CAGE )

Random primed, Tagmentation
TSS specific (5" ends)



Single cell RNA
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C1 RNAseq

C1l CAGE

FANTOMS CAGE

ENCODE CAGE

Each Single cell

GAPDH

¥ hg19 chri2 G642655. 36435115 [len 5.8%b ] R
D1 3. MD'S 31 ﬂE!m DDGIIFH 1 q13L'EEq13 fi]qq1fi:ﬂq 15 [EiiNo21.2 CEIETN o2 FHEq22 EEl-q2CfEE-q24 ’qﬂ.‘@qiﬂlqﬂ 31 mqﬂ 33
| | i ik i i i
5-5430[:3 [i:] 44I: ao -35-4‘-:]0:] E646:|I:3 6-34rI::ID G 48:] jl:
¥ Entrez gene hg10 ok ®
GAPDE
LOC100133042
¥ UCSC_gencodeV 10, hg‘ID 20120101 % @
WI000225238.5 =&
ENS’ IJI:Z]D:I496E~49 1 U0000436152.
ENSTOO00D450282. 2 = il — . 3 e
ENSTOO0O0325256 1 —— i — - —
ENSTOOD004827 1891 EMSTOO000472558.2
ENSTOO000306861.1 =& - — - —
EMSTOOO00474245.1
ENST00000468588.1
ENSTOO00D305250. 1 el il
ENSTI_Z-:]D:I-34=35525 i
ENSTO0000460556. 1
EMSTDOD00386858.1 —— - e -
EMSTOO000471408.1
EMNSTODD004555!
"Fuw C1 RMA-seq [rev:0 fwd:3229.2 scale:3220.21] g20_tpm sum area @
¥ Fucei G1 CAGE MiSeq (1772-067-012) [rev:2400.5 fwd:441881.5 scale:441581.48] tagcount_pm sum Send D@
e a— m — g B PP —
¥ FANTOMS CAGE Phasel CTSS human tracks pooled filtered with 3 or more tags per library and rle normalized [rev:1108.6 fwd:1278732.8 scale:1278732.82] rle %@
¥ ENCODE CAGE [rev: 100.1 fwd:70566.8 scale:70568.50] g20_tpm sum Send Fm®
[N s s e e —— e s e
Fucci C1 CAGE MiSeq (1772-067-012) [91 exps] &

experment name =- reverse strand
0140608 MO0528 0024 000000000-A8CEW.CAGEscan short-reads tagdust2.20140611111914.18 S18 LO0O1 R1 001 .bed_bed [tagcount_pm]
©14060% MO0528 0024 000000000-A8CBW.CAGEscan short-reads tagdust? 20140611111914.42 542 LO01 R 001 bed_bed [tageount_pm]
0140605 MO0528 0024 000000000-48CEW.CAGEscan short-reads tagdust? 20140611111914.91 531 LOO1 R1 001 bed bed [tagcount_pm]  73.6
0140608 MO0528 0024 000000000-A8CEW.CAGEscan short-reads tagdust2.20140611111914.24 524 LO01 R1 001 .bed_bed [tagcount_pm]
©14060% MO0528 0024 000000000-A8CEBW.CAGEscan short-reads tagdust2. 20140611111914.68 5558 LO01 R1 001 bed_bed [tageount_pm]
0140605 MO052E 0024 JDUDDDDDD-AS‘“BN CHGESEﬁn short-reads tagd ust._ 20140611111914.9 55 L001 R1 DD1 bed.bed [tageount_pm]

<> forward strand -=

©140609 MOOS28 0024 0000000D0-ABCEW CAGE scan short reads tagd ust._ 20140811111914.50 558 L0O1 R1 001 bed bed ftageount_pm] 439 o5 R
0140609 MO0528 D024 000000000-ABCEW CAGEscan short-reads tagdust? 20140611111314.55 555001 R4 001 bed bed [tagcount_pm] 15019 SR
0140609 MO0528 D024 000000000-A8CEW CAGEscan short-reads tagdust? 20140611111914.76 576 LO01 R1 001 bed bed [tagcount_pm] o [1es0zO4
0140609 MO0528 D024 000000000-ABCEW. CAGEsean short-reads tagdust2, 20140611111914.74 574 L001 R1 001 bed bed [tageount_pm] 141.76 I EEE
0140609 MO0528 D024 000000000-ABCEW CAGEscan short-reads tagdust?. 20140611111314.85 535 L001 R1 001 bed bed [tagcount_pm] 150.04 S
0140609 MO0528 0024 000000000-ABCEW CAGEscan short-reads tagdust? 20140611111914.8 S8 L001 &1 001 bed bed [tagcount_pm] 3412

0140609 MO0528 D024 000000000-ABCEW.CAGEstan short-reads tagdust2.20140611111914.63 553 LO01 R1 001 bed bed [tageount_pm]

2351 S

(TPM)

C1 CAGE enables to read TSS specific for most transcripts.
It shows peaks comparable to bulk sample.



HIST2H3A

W hg10 chr1 140824053..140224813 len 781bo | oY)
2= 0T oL p36TTE] p 2T I o34 L p JERE p32. % p EEIEN KIS -2 7% o T2 o 20 p 1 AR oS (IR L o2 10 <21 o F 023 Flo2{f] 0 26 PR 25, PRl o 3Eeil 032.1 [ o S % o4 T o FiEM 044
L L L L T T T L T T e e e L e e e S B e B B B B B e L L T T L LA S A R B S B o o |
140524100 140824200 148824200 1408224400 140324500 148824200 14082324700 142824800
 Entrez gene hg12 Mek®
LOC100132808
HIST2ZH3A
¥ UCSC_gencodeV10_hg19 20120101 F i @
l ENSTOODOD402583.1
¥ Fucsi C1 RMNA-seq [rev:0 fwd:0 seale:0] g20_tpm sum area @
¥ Fuecsi C1 CAGE MiSeq (1772-067-012) [rev:0 fwd:507.7 scake:507 73] tagcount_pm sum Send ok @

C1 CAGE : '

 FANTOMS CAGE Phasel CTS5 human tracks pooled filtered with 3 or more tags per library and rle normalized [rev:0 fwd:4217.1 scale:4217.07] rle @
¥ ENCODE CAGE [rev:0 fwd:3.9 scale:3.83] g20_tpm sum Send o @

ENCODE CAGE : T — a C

Fucci C1 CAGE MiSeq (1772-067-012) [91 exps]
experiment name <-reverse strand <> forward strand -=

© 140609 MO0S28 0024 000000000-ABCEW.CAGEstan short-reads tagdust2 20140611111914.72 572 L001 R1 001 bed bed [tagcount_pm]
Q140608 M0O0528 0024 000000000-A8CBW.CAGEstan short-reads tagdust2. 20140611111914.81 581 L001 R1 001 bed.bed [tagcount_pm]
© 1406039 MO0528 0024 000000000-ABCEBW.CAGEstan short-reads tagdust2 20140611111914.37 537 L0O1 R1 001 bed bed [tagcount_pm)]
0140605 MO0525 0024 000000000-A8CBW.CAGEstan short-reads tagdust2. 20140611111914.35 535 L001 R1 001 bed bed [tagcount_pm]
© 140608 M0O0528 0024 000000000-A8CBW.CAGEstan short-reads tagdust2 20140611111914.82 382 L001 R1 001 bed.bed [tagcount_pm]
0140609 MO0S28 0024 000000000-ABCEW.CAGEstan short-reads tagdust2 20140611111914.5% 553 L001 R1 001 bed bed [tagcount_pm]
© 140608 M0O0528 0024 000000000-A8CBW.CAGEstan short-reads tagdust2. 20140611111914.84 384 L001 R1 001 bed.bed [tagcount_pm]
© 140609 MO0528 0024 000000000-ABCEW.CAGEstan short-reads tagdust2 20140611111914 Undetermined S0 LO31 R1 001 bed bed [tagrount
. Q140609 M00528 0024 000000000-A8CBW.CAGEstan short-reads tagdust2. 20140611111914.86 586 L001 R1 001 bed.bed [tagcount_pm]
EaCh Sl ng Ie Cel I © 140608 MO0528 0024 000000000-A8CBW.CAGEstan short-reads tagdust2 20140611111914.40 540 L001 R1 001 bed bed [tagcount_pm]
0140605 MO0S28 0024 000000000-ABCEW.CAGEstan short-reads tagdust2 20140611111914.8% 533 L001 R1 001 bed bed [tagcount_pm]

0140608 M0O0528 0024 000000000-A8CBW.CAGEstan short-reads tagdust2. 20140611111914.51 551 L001 R1 001 bed.bed [tagcount_pm]
0140609 MO0S28 0024 000000000-ABCEW.CAGEstan short-reads tagdust2. 20140611111914 67 567 L0O1 R1 001 bed bed [tagcount_pm]
Q1406089 M0O0528 0024 000000000-A8CBW.CAGEstan short-reads tagdust2. 20140611111914.44 544 L001 R1 001 bed.bed [tagcount_pm]
© 140609 MO0S28 0024 000000000-ABCEW.CAGEstan short-reads tagdust2 20140611111914.13 513 L001 R1 001 bed bed [tagcount_pm]
Q140609 M00528 0024 000000000-A8CBW.CAGEstan short-reads tagdust2. 20140611111914.32 533 L001 R1 001 bed.bed [tagcount_pm]
© 140608 M0O0528 0024 000000000-A8CBW.CAGEstan short-reads tagdust2 20140611111914.95 585 L001 R1 001 bed bed [tagcount_pm]
0140605 MO0S28 0024 000000000-ABCEW.CAGEstan short-reads tagdust2 20140611111914.24 534 L001 R1 001 bed bed [tagcount_pm]

«

(== NN ]

(=Rl =Nl ]

C1 CAGE enables sequencing transcripts without polyA.
C1 RNAseq does not.



HOTAIR

¥ hg19 chri2 54354400, 54364119 [lan 9.6k0 |
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C1 CAGE

|
C1 RNAseq ‘
FANTOMS CAGE I

54355000 54356000 54357000 ‘-4\3‘8030 54350000 54350000 54361000 "4.352[3 00 54363000 543’34‘303
%@
FE @
ENSTOD00D455246 1
EMSTIO000425565 1
EMNSTDODOD453875.1
ENSTODO00432545.1
[EILSR R
[ Pr—
* Fucei C1 CAGE MiSeq (1772-067-012) [rev:203 8 fwd:0 scale:202 53] lsgl::nun‘t_pm sum Send @
* FANTOMS CAGE Phase1 CTSS human tracks pooled filtered with 3 or more tags per library and rle normalized [rev:87.6 fwd:20.7 scale:87.50] e El‘a) *®
W L w ! 0y ™ g . F -

F @

" ENCODE CAGE [rev:19.2 fwd:2.8 scale:19.22] q20_tpm sum Send

ENCODE CAGE . B e e b e < e S by o+ g e T S

Fucci C1 CAGE MiSeq (1772-067-012) [91 exps]

experiment name =-reverse strand <> forward strand -=
0140608 MO0523 D024 D00000000-ABCEW.CAGEscan shortreads tagdust? 20140511111914.8 S8 |
© 140609 MO0525 D024 000000000-ABCEW.CAGEstan short-reads tagdust? 201406511111914.33 533 LO01 R1 001,
0140603 MOD5248 D024 000000000-ABCEW. CAGEscan shart-reads tagdust2 2014061 1111%14.78 578 LO01 R1 001 bed S
0140608 MO0523 D024 D00000000-ABCEW.CAGEscan shortreads tagdust? 20140511111914.16 516 LO01 R1 001.bed b
© 140609 MO0525 D024 000000000-ABCEW.CAGEscan short-reads tagdust?. 20140511111914.61 561 LO01 R1 001.bed.bed [tage N
0140609 MO0525 0024 000000000-A8CEW.CAGEstan short-reads tagdust2.20140611111914.Undetermined S0 L001 R1 001.bed bed [tage of ]
0140609 MO0525 0024 000000000-A8CEBW.CAGEscan shart-reads tagdust2 201406111 11914.55 555 LOO1 R1 001 .bed_bed [tagcount_pm]
©14050% M00525 0024 000000000-A8CEW.CAGEstan short-reads tagdust2. 20140611111%14.40 540 L001 R1 001.bed.bed [tageount_pm]
0140609 MO0525 0024 000000000-ABCBW.CAGESstan shart-reads tagdust2 201406111 11914.81 581 LOO1 R1 001 bed_bed [tageount_pm]
0140605 MO0525 0024 000000000-A8CEW . CAGEscan short-reads tagdust2. 20140611111914.34 534 LOO1 R1 001.bed_bed [tageount_pm]
. © 140605 MO0525 0024 000000000-A8CEBW.CAGEscan short-reads tagdust2 201406111 11%14.82 582 LOO1 R1 001 bed_bed [tageount_pm]
EaC h S I n g I e Ce I | 0140609 MO0S25 0024 000000000-A8CBW.CAGEscan short-reads tagdust2 20140611111914.13 S13 LOO1 R1 001 .bed_bed [tageount_pm]

0140605 MO0525 0024 000000000-A8CEW CAGEscan short-reads tagdust2 20140611111914.3 53 L0011 R1 001 bed.bed [tagcount_pm]

0140605 MO0525 0024 000000000-A8CBW.CAGEscan short-reads tagdust2 20140811111914.72 572 LOO1 R1 001 bed_bed [tageount_pm]
0140608 MO0525 0024 000000000-A8CEW.CAGEscan shart-reads tagdust2 20140611111914.74 574 LOO1 R1 001.bed_bed [tagcount_pm]
0140605 MO0525 0024 000000000-A8CEW . CAGEscan short-reads tagdust2 201406111 11914.52 552 LOO1 R1 001 .bed_bed [tageount_pm]
0140609 MO0525 0024 000000000-ABCBW.CAGESstan shart-reads tagdust2 201406111 11%14.86 585 LO01 R1 001 .bed_bed [tageount_pm]
0140609 MO0525 0024 000000000-A8CEBW.CAGEscan shart-reads tagdust2 20140611111914.44 544 L0001 R1 001 .bed_bed [tagcount_pm]
©14050% M00525 0024 000000000-A8CEW.CAGEstan short-reads tagdust2.20140611111%14.65 585 L001 R1 001.bed.bed [tagcount_pm]
0140609 MO0525 0024 000000000-AB8CBW.CAGESstan shart-reads tagdust2 201406111 11914.37 537 LOO1 R1 001 .bed_bed [tageount_pm]
0140605 MO0525 0024 000000000-A8CEW.CAGEscan short-reads tagdust2 201406111 11914.26 526 LOO1 R1 001.bed_bed [tagcount_pm]
©14050% M00525 0024 000000000-A8CEW.CAGEstan short-reads taodust2. 20140611111%14.23 523 L001 R1 001.bed.bed ftagcount oml

Coooooooooooooocloooo o

OODODDODD0DD0O 000

C1 CAGE enables to read directionality.
Only a few cells reproduceably expressed anti-sense RNA.



C1 RNAseq

C1l CAGE
FANTOMS CAGE
ENCODE CAGE

Each single cell

Bidirectional
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* Fucci C1 RMA-saq [rev:0 fwd: 1853 scale:185.34] g20_tpm sum ares

y . .
TFie cicAeE MiSeq (1772-067-012) [rev-867.0 fwd.625.4 scale:567.86] uagcounu:m sum Send

vucsc_gencodewo hg10_2012010
—{ T L 81
TO00 .«1&33:3'1
ST00000402765 1
¥ STOD 7 X
i i K
a
+ TO00 .
ENSTD:IDEJ4'3423.’. —
ENS 100000450115
ENSTO0000358908. - —
ENSTOO000467245.1
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L] I o 0
* FANTOMS CAGE Phase! CTSS human tracks pocled filtered with 3 or more tags per library and rle normalized [rev:5040. 1 fwd:7812.0 scale:7812.00] e e
¥ ENCODE CAGE [r=v:005.2 fwd-608.5 scale:005.26] g20_tpm sum Send ek @
R ___.H_TL_M — e e e e e s e e e e e e
Fucci C1 CAGE MiSeq (1772-067-012) [91 exps] (3]

experiment name = reverze strand <>  forward strand -=
= D -,

0140605 MO0525 0024 000000000-A3CEW CAGEscan short-reads tagdust? 20140611111914.10 51
0140605 MO0S2E 0024 000000000-43CEW CAGEscan short-reads tagdust2 20140611111514.86 585 LO01 R1
0140605 MO0OS2E 0024 000000000-43CEW CAGEscan short-reads tagdust2 20140611111514.38 538 LOO1 R
© 140608 MO052E 0024 000000000-A8CBW.CAGEscan short-reads tagdust2.20140611111814.67 S67 LO01 R1
© 140605 MO03235 0024 000000000-A8CEW.CAGEscan short-reads tagdust2. 20140611111914, 2 L001 R1 001.bed.bed [tagcount_pm]
© 140608 MO052E 0024 000000000-A8CEW.CAGEscan short-reads tagdust2.20140611111914.23 523 LO01 R1 001.bed bed [tagcount_pm]

001 .bed bed [tagcount_pm]

© 140602 MO0S2E 0024 000000000-A8CEW.CAGEscan short-reads tagdust2.20140611111914.81 581 L001 R1 001 bed bed [tagcount_pm]
© 140602 MO0SZE 0024 000000000-A8CEW.CAGEscan short-reads tagdust2.201406111115914.66 566 L001 R1 001 bed.bed [tagcoun|

001 bed bed [tag I
[ B —

o
001.bed bed [tagcount_pm] 4SS

0 S
0
© 140609 MO0528 0024 000000000-A8CEW CAGEscan short-reads tagdust2 20140611111914.61 561 L001 R1 001 bed bed [tagcount_pm] 0
o]
0

©140609 MO0526 0024 000000000-ABCEW.CAGEstan short-reads tagdust2.20140611111914.44 S44L001 R1 001.bed bed [tagcount_pm]
©140609 MO0526 0024 000000000-ABCEW.CAGEstan short-reads tagdust2.20140611111914.59 559 LO01 R1 001.bed bed [tagcount I O
©140609 MO0528 0024 000000000-ABCEW CAGEscan short-reads tagdust2.20140611111914.12 512 L001 R1 001 bed bed [tagcount_pm] [N O
©140609 MO0S25 0024 000000000-ABCEW CAGEscan short-reads tagdust2.20140611111914.Undetermined S0 LOD1 R1 001 bed bed [tag: (N0
©140609 MO0S28 0024 000000000-A3CEW CAGEscan short-reads tagdust2.20140611111914.46 S45 L001 R1 001 bed bed [tagcount_pm] (RSN
0140609 MO0S28 0024 000000000-ABCEW CAGEscan short-reads tagdust2.20140611111914.83 S83 L001 R1 001 bed bed [tagcount_pm]  JENEEN
©140609 MO0S28 0024 000000000-ABCBW CAGEscan short-reads tagdust2.20140611111914.94 S94 L001 R1 001 bed bed [tagcount_pm] 33,
©140609 MO0S28 0024 000000000-ABCEW CAGEscan short-reads tagdust2.20140611111914.72 572 L001 R1 001.bed bed [tagcount_pm]
0140609 MO0S28 0024 000000000-ABCEW CAGEscan short-reads tagdust2.20140611111914.55 555 L001 R1 001.bed bed [tagcount_pm]

C1 CAGE enables to detect bi-directiomal promoters.
Each promoter is expressed dominantly.

ENSTODO00383891 .2
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C1 CAGE
MRNA Sequencing L:\

T. Kouno, S. Kato, M. Mendez, |. Abugessaisa, J. Shin and C. Plessy
Division of Genomics Technologies, Center for Life Sciences Technologies, RIKEN,

VALIDATION USER RATING
NO REVIEWS YET

JAPAN
RNA Seq End Counting UMI PUBLISHED ON 108 24, 2015 REV A >
SUPPORTED IFCS: Open App IFC NUMBER OF IFC RUNS: 10

Overview

C1CAGE is a method for single-cell transcriptome analysis for molecular counting of RNA 5'-ends. Paired-end sequencing, random priming
and unique molecular identifiers are used for single-molecule fragment assembly of mMRNAs and long non-coding RNAs, including non-
polyadenylated transcripts.

Protocol: C1 CAGE Duration (H:M): 12:00

Cell Load Sample Prep

Capture Stain Wash Lysis RT PCR Harvest

VIEW PROTOCOL WORKSHEET

(https://jp.fluidigm.com/clopenapp/scripthub/script/2015-07/c1-cage-1436761405138-3)
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