[ RA

R EHAB: SMA4E LA 308
EREEEES 21an010110230005

ARERTRBINE AKE T A 791 = AR BER TR
FHAR

NE:

I EAER
BV © (AAGE) BIESE T A 70 A = 0 AW R
(Fuv 7 14) (& §F) Platform Project for Supporting Drug Discovery and Life Science Research

Ehuf Rk 2 94F4 H 1 H~5M44 3 H 31 H

BN E KA - (BARR) Wv=rF b=xn

(£ FE) Piero Carninci

WO HEHM LS PrRHER - 558 - B
(FAHE) [ENRREBHIE A FELIERT » BRI o 5 — « Bl o — R
(¥ §&) RIKEN - Center for Integrative Medical Sciences * Deputy Director

IT B EDOME

MBSO R L2 OB RS
X, 30)5%

FLEIRgeAT (R I XENLR R EIZEAT (0 fRERE) &1 s L < B EBNTIBICER S
DX OMESKREFE L, 7 I AR Oa L PIT 0 v S HERGERO L LT, KEWGE - FEICK
VBRSNS DWW T, BRB Y X 7 AT A T A (BN, B, 477
ERL, v —r v A T—HRNT) Z#FAT L, TR RABICHANREEFEM Lz, ThETO S ERICER
RE A7z 39 SIS - LFRIFIE 4 FRE K ONBINSHE 2 A N R o651 45 RO B2 Ei L7z, %
= BM3ES AL VB LI MAERMATSRICOWT, 1 A EE LT, AWRESETIEE b 2658
B, U A I8, P, AX T F1LBRETH D, IHOHEOMIERI G, Y - SRR, .
PR BSE ACHRBREMZ (20 ABILEARMRAZHEH) CHDLILTEY | KB A I = X L DOBREUE
N F =0 —RIRFAER OERR & BT Th 5, T D OB CHRIE S L7 AT 4RI, RNA-seq 32
fF (11 #1374 E RNA-seq) . CAGE-seq 10 /4, small RNA-seq5 4§, 58425 cDNA-seq3 . WGBS 1 {f (&&t
S1MRBTZRAE 995 Y2 7L) 1ITNZ T, Single Cell (sc) f#HT (scRNA-seq X U scATAC-seq. #f 11 {4 46 H >
TN) T, RTURT VT S —AIRETH D, B PR CXE A FE L CEN SN — T v AT
—HIZONWT, ENLBIE TP T~ VT 7 AT & S U CREA RO IRAT 24TV, SRR R 2 (ki
FIEIC LTz, BINDS FZETOMNIEAIR E LT, AigiZE (PDIS) 2~ IFEINFSE L LTl L 72 10 Y8 T 16
. BINDS SCHERREE T 7 MO SCIHRD R STz,



BEALY —& v AR T DR

TABICHE L SNAEHELFOBTE &R & LT, BEYLFFER oM B il T 5 CAGE #x & 5T
S, HIFBFR &g AV—Ty MeZzsih e Liz@mEke LT, LR 8 #HAZRRE LTz,
(1) BEMEEIEMENE CAGE 74 77 VAT X T ADIEE

TN T A DNA B BTEN DDA A—T > MIBR LTI A 7 Z VIERIZIT 9 72912, ssCAGE 7 A
77 UAER O THE% Bravo HEME NGS 27 AZi#H L7z, ssCAGE 74 77 U {ED BELIZ DUV THRGE
L, 7H 72 —RBAEOERBALIZS R Z M TT — % 80N E 2 X DKL 2 EBL L7 (2019 LY
XEA=a— b LT), THICE D 2B EOEMERTRICBIT 227 —0FRAZMEI L, X0 =R
FAT T IVERPTA D L 912720 o, FEHMBRETT o727 1 Fa LB RICE Y T X7 Z—RAR
DIRAL A R L, BT — X ICEEN DT — X BEWET 2 LB HKR (F— 2 OB OWEERT),
F 7 FEFFEIC T MREBOFEMINICE T D787 1Y = 7 MK ssCAGE (EIC X W Bk L7z GERE
100%)
(2) NET-CAGE {ED A = = —{kiZ A} 72 B 0 27

Br/E RNA 8572 JfE L TRt 2 2 & TGP HLS &2 SU « IEFEICIRE L, 2y o o — s 5 38
B9 5 eRNAZMNTHZ LT/ A EOZ N —TEIRARET 5 DICHH TéH S NET-CAGE 1EZHA L
7o MR R OO b RS SRR 2 2 72 NET-CAGE fifdr & JL[RIBFZE & L C ke L CHE
BEEEL, ST 77 UVERZBELT D2 LIk W g A—T» MUICHEIh LTz, B¥4EE TR
EFEIFZEE LT M AR B O R IEFMIC S Lo B Y Ml a1 T7e o7 (BERRIE 100%).
(3) 522F cDNA-seq BRZ

CAGEEZFIH L CTHEMLIEERRED cDNAEZr Y V) — R —7 o —Th 5 ) /A7 MinlON ZH T 1
AL~V T long-read > —7 U AT HZ EIZEYD, ZHET short-read v —47 LV AIMETH 7= 2 K
84 cDNA Ak & W LD TRENE DML, 584 oDNA & 1 KD L7Z SE#R & L CTE LN D 2 B34
DT LTI LT, ZHUS R VBIRFREONY T > b7 — AO RGN EAN A ER Sz, 2019 4F
JE X0 IEFRFFE L~V T, RFIEOFERICIT 7 Bo A& S0 L T 5, EFEFSE & L CBEIC 1 DG
ZWEL, S HICMIZ SR E LTI FEZ S5 3 RIS I M L7 GERUE 100%)
(4) Wi E (pg L/V) RNA-seq DB A

Total RNA (100 ng~10 ng) ZHHEEE 5 T A7 VT F—ARIT 2475 & & bio, Hlie®/s T
FHBUFHTITMZ T, WA = —fTEOR RN & R T 2 2 L2 BiE S Lz, Ml v b O HEHREEIZ &
v . Ovation SoLo RNA-Seq System (NUGEN Technologies Inc.) 23T A4 7 F U {EdliE & L CHBMEIZENT
WAHZ EERM LT, ZHITED Total RNA 100pg &5 T<EY > 7 /L) 5D RNA-seq 23 FIRE &L 72>
7o ET-. BIFRETH HMRME RNA OMEREICOWTIL, b MEETIZH SN, BEICEEND rRNA &
RS L7 PR EZY U VERIEE LTHEE LT, 2018 FENO A =2 — (b L THIRBAR A K T L, X
TABAA Ui GERUE 100%),
(5) Chromium % T} ONT MinION long read {Z & A genome phasing fRTHHT D ZIZE A

Chromium System (10X Genomics #t) ZHWT, 7'/ A7 == 7 T4 77V Z{ERL, > —F AT
HECTEA=a—L L TRETHIZEZEIEE Lz, FEEMAEE XK Genome DNA Z FU 7z Chromium system
WZEDT7A4 77 VH— — U A—FT =BT A T T4V OENTE T L, A =2 — (b L TR %
BT LT, (GERE 100%), MinION %\ 7= genome phasing iEATHAFIC DWW i, BEFA TIIAAL—TF > b
BXOT A Ml Ci#E2 % <. Chromium System (Z & 2 ATBAR O 5EAIC K 0 48 - A~ DS H 2 A EE
72077z, MinION (2D TIXARRE (3) ~DTE 2850 L CHARBIZ & 1k & LTz,
(6) Direct RNA-seq DHE:ATEFAM

FW 7% VY, MinlON (12X % RNA 73 T OEEES —7 2V ANARETH 528, AIFEL ONEHFE~DFEHL

2



BT DT E U CHENL T 5121E, RNA BOKBILA LA TH 5, ATEOEEHHTH 55848 E RNA OfL
FIREIZOWTIE, 584K cDNA-seq 3 A =2 —{L THZENARETH D Z LD, B2 E cDNA-seq 1EIZ—
Al U CHEEE L 7=,
(7) Large—scale low—cost directional single cell RNA-seq D3:FiFERZHE

1HEfE S O (FE poly-ARNA 25 8e) T XCDO T AT VT R E2@A M7 v RiE#HER-T-EE S+
7'F ¥ — LT, @UMI (Unique Molecular Identifier) Z {9 % Z & T cDNA HEIE/ A 7 2 DR KR L |
I 5T Total RNA ORR Y —/7 U A% AR L T2 RNA ENTHANZ %2 2 L 2 BEEE Lic, MEIZH¥E
L 7= total RNA ZfEHT x5 & L7 HiHl sc RNA-seq % (H11E) & polyA+ RNA ZfEHrxtge & U7 el o il
i 2 M Smart-seq3 £ & O HIGEFHII 21TV, 8BS TR TIEOR0S 5 B DD non-codingRNA DT
RRED U7, BB A x5 & LTz se SRATBAR O ZFL~OE D flA % & b~ 7 2 OFHRRR 4T IEM L .
HRIWFIE A A8 2 CHE EITHFFE IR L FFE @ B DR 2 2817 T D GERLEE 80%) o
(8) REUEEEFSIDF —F v by —Fr R

EHEERSI O —7 y v — v A% HME LT CRISPR/Cas9 ¥ A7 A X 0 BE.OEIR 2 G L .
MinION n > 7' — Ry = o —TIT+ 570 ha OB B E#iT-7-, EERRead IBJEREDT — Xk
TORD, BHDNA ORMKENEEZ LT 57200, 7477 VERMIEOS R 21T 7, F-HEZ & 01T
LT, A 3 T R 2 TR R OBETERORE~DIGH (¥ =5y ka7 ) —=RG7 7 Ah
phasing Z AW BEA~T B ZROMRR E) TR VEELOREE 2T 72 GastEmEmT) (ERRE
80%) .

mEA LT — & BT BB 3 D AR

ABESHEO—BRE LT NGS T—F 2L LT =4~ A =0 T2 BLTH 5y MERVIAK, RIE
DT EEET VOBELED D720, 7 LEERIE. # X7 FEAEMZ: & OBEFHROHEHE R TFHIF
BEAIRATLZE2BNE LT, UTO&E( 3 38 Z M L7z, Mx T, SfM2FELY (4) Single
Cell T —ZfFHT /A T T A L ~DORHLEHED T,
1) BE~—hI—BXVRIEY —5y NERDIZODE NUNDEYREEEDIS ) L) 77 L REHRD

FE, BETFREA. HEERT —ZFIHAOfEE

NEERE T —F =2 L TR T 2 72D O BB A flke L, KRICREE L7, E6I12, ETVAEY
7LDV T 7 L AERITINZ T, A ICRE SIS FED T ) BEROFRIZIT 7257 ) LESNT 7
T—=a AT T4 R U, RERYT ) DESIRCRIR D= a D 7 MBS % IR sk
DIRHTSA 7T A o LHTRER E 2 — T —OEAHFIH Z Bl LTc, 2B DA T T A DN TE, X
TIZHB T DIERHITINZ . AFETHBEZED TV D RBUMET — & fifHr o 27 A (Maser) Z3# U T, —BOB ek
FIZKDFIHBAEEE LT, AT, VA NAEORKIYEZ SIS, [HES /) DROTANVAEDT ) L
FNIZFRFZY 77 L AL LTCHRIAESR 2 R4 774 U H AR L, 18£S/ L ETOUA VARSI OB,
HEETANABMEEGTORREEL T LT LAY XLRLNRA T T4 ORI EED, BRI L,

(BERRJE 100%)
(2) 522F cDNA-seq B L UMEEY v I N/ SA T F A L DBAZS

TWEHKD RNA-seq ffHfT <A 7T A 2 BIKIE L, 584K cDNA AT IC b XS 2 W RE & T DB 2D T,
R, BEfFT — 4 &3 RNA-seq DFIFATAE RAZOWN T, HEBRRGEZ 1T O & & b2, ZNENOMTRERIC
LW~y TR FBUEBEIR T O RGO 2« OBIS TV — NOHRRRGEEE FTRE & T 2Rt 7 v —
DEAFE L A T T A Aba D SERA~ORRMUEA B Lo, GEARE 100%) EARAYIZIE nanopore > —7
P TSN D long-read cDNA fit%ll %z~ v B> 7 L, StringTie Z W GBI FAEETH - V— R b &
179 & &bz, (differential splicing BREED7=HIZ) GffCompare CTHEME K Z FEhiT 534 7T A > D
3



BT L IR A B LT-, £7-. BEEEYT — 2 &2 FHWCOBIG T RELEIRNT & ilhe & L7, [1439] & D 3L[H]
M CIZ. 2oL T4 v ZF T~y B 7 LT —ZIZ DWW T DEXSeq 12 X A differential splicing
fENT 24T 9 & & HIT, exon BN THIELEMNT 2 M2 T, exon usage NERDBIRT/NU T v b & ZH M
HL7z,
(3) Chromium A T* ONT MinION long read {Z & % genome phasing fEVTEENT DT — & BT IEFHTDOEA

long—read 27 4 JHERY — /&7 —%FE L, S HIZSNP I LB T 1 ¥ A 7D[EE., phasing
A7 AT 7 0 — O AT o 7o, Eio, FRUCHBL L AR 2 EDEBRTEROREL /gL 357
DOFFNTHAIFOBRFE 1T > TEBY . BEFNT /A 774 > & U TRITER CORABBG I TS, 20
B FRT — AN AEEITIE. LV FEIZR AT & FTRE & T DA S A T A L OB B RIRFICAT o 72,
F72, 57 SNPs OBERE~DEE TRIT 572007 L3 XLAZFFE L, ThEND SNP DIEBA~D
HEOESNETINT 22 EWAIRER/N T T A R L CE~ORMEA AR L Lz, GERVE 100%)
(4) Single Cell 7 —& fi#HT~Dxti

sc T— AR ~DOXIEE LT, 7 Ay BV T R—RATT —HIWH A T T4 L ORELEET Lz, £
7z, sc fENT CRBURT — X B Eg L A2 Y | =2 o7 FHIFE VLT, ek — 3 — BT L TV fig
Bz 2 N2 FICBAT L CARKGER 2Bt Lo, ZORR, 1 Y2 74720 1068 — /B OLBEE
ZEBLE (ARaroZEE 2oy MRUICEY . B a 7 TR A6, £72. AL ZF1H L 72k
BATT )T —arO7—27a—ATIC LY, BT EZ2HOTEBR PRI v 7 7 A L ORifafET
T—YaryNael eV REMAOREE Z AlREL T 57 /0T Y X LDRFICE -7z, £72. trajectory fif
Brizhnz2 <, BoNBSIOER AT — 2 LU THIHT A Z LIk v, MRz s 257103
A LEHFE L, RERERR T OLRED N7 A N—E 2 L~V TR ATRE & 3 5 ffdT & 2B L 7=

(BERRJE 100%)

o=y MNEEORE

BINDS THii## (PDIS) 76 O3k K 0 LFEBFIEICH R L7 1 38 & O BINDS 328 1 #fEIZ D0V
T, 2= MNNEEEZ EE L7, EERNRE LT, UNKRFZFR R KREN T Y S ) LENT (BS-seq. ChIP-
seq) YL, BRI R T A7 U7 h— AT (RNA-seq) ZFEfiL7c, T4 b 2FEIZOWTIEENE
MRS 72 STz,

AMED E# DR

TRy Xy =P —F - Furz s MRIBRDBAVERAIAENEEYE (AMED P-CREATE) & 0
EERRE & LT, IERE R & SLFFIE A F2ii L 7o, ARFFE IR, U U B2 WA A~ — I — DR %
HEYE LT, FEREMRIZ DUV T CAGE {EIZ X 2 S5 BAG RN I ONBAS TR BT 2 FEhE L 7=, U v
B O IR BHIBET 2 2 @fa 7. TACC2 H#H T A Y 74+ —2 L SEMA3D #FREL., 25 2 EET
REBEOMAGHEIZEY | FWREIC) VNGB OBBNAEETH DL Z L EW LM Lz, S5ICHEEL
R [(2) 754K cDNA-seq Bi%&) A L7z LFEIFZE L LT, MinlON % HW /2 TACC2 $ilil 7 1V 7 +—
D ORBRRAIFENT 24T > T-FE R, TEERSAMIIZE O T, 800 LLEDT A Y 74— AN A S i, EERN
TIEINETEZLNTEL LY BNNIEL DT AV 7+ —LPEREELTWD Z EARB I,



Support

RIKEN (the representative organization) cooperated with National Institute of Genetics (NIG; the co-representative
organization) to manage all the research projects and promoted the smooth operation of business support. We executed
the functional genomics analysis pipeline (sample acceptance, nucleic acid extraction, library preparation, sequencing
and data analysis) for the research projects, which ware adopted by the support application and subsequent acceptance
via a one-stop contact for consulting with a wide range of life science researchers regarding functional genomics analysis.
We provided integrated support for each process of the pipeline. We provided support for a total of 45 projects, including
39 projects adopted over the past five years, 4 collaborative research projects and 2 additional support projects. We
carried out one research project for human immunological system analysis support started in August 2021. The sequence
analysis specifications requested for these research projects were 32 RNA-seq including 11 low quantity RNA-seq, 10
CAGE-seq, 5 small RNA-seq, 3 full-length cDNA-seq, and 1 WGBS, respectively. In addition to the analysis for the
total of 51 requests, single cell analysis for the total of 11 requests of scRNA-seq and scATAC-seq was also carried out.
Most of the requests were occupied by transcriptome analysis. The sequence data produced with the support of RIKEN
was analyzed in an integrated manner by multigenomic analysis at NIG, and the analysis results were returned to the
client. As a results of BINDS achievement, 16 papers were published in 10 projects that continued as collaborative
research from the previous project (PDIS), and 7 papers were published in the BINDS support project.

Improvements (Sequence Technologies)

We customized the CAGE (Cap Analysis of Gene Expression) method, which was originally developed in our institute,
for developing individual technologies needed for above described “Supports”, and conducted the following eight
“Improvements (Sequence Technologies)” subprojects.

(1) Development of automated low input non-amplified CAGE library preparation system

We applied Bravo automation system (Agilent) for preparation of ssCAGE library, which is very complicated and
requiring much time and effort if manually conducted. We succeeded in automation as well as improving the quality of
prepared libraries, especially in reducing the portion of adaptor carry-over, which is the most major reason for low
throughput.

(2) Introduction of NET-CAGE (native elongating transcript—cap analysis of gene expression) method

NET-CAGE, a derivative method of CAGE, can condense and detect nascent RNA species, and accurately and
sensitively detect the transcription start site. NET-CAGE also can detects eRNAs, which are bilaterally transcribed from
the putative enhancer element, and thus is presumed to be useful for detection of enhancer elements. We introduced this
novel technologies to add to the menu list of “support”.

(3) Development of the full length cDNA-sequencing technology

We modified the CAGE method to sequence the full length cDNA, by applying CAGE-derived full length cDNA to
long read sequencer nanopore MINION (Oxford Nanopore Technologies). We succeeded in consolidating the merge of
these two technologies to achieve the full length long read sequencing. Further, we successfully applied this developed
technology to the analysis of cancer related isoform variations, which is already published.

(4) Ultra-low input (order of ~pg) RNA sequencing

We surveyed commercially available kits of low input RNA sequencing protocols. In parallel, we conducted ordinary
low input (100-10ng of total RNA) RNA sequencing and high-order data analyses as a “support”. By evaluating
commercial kits, we found that Ovation SoLo RNA-seq System (NuGEN Technologies Inc.) has the highest
reproducibility. By applying this kit, we developed RNA sequencing protocol which can start with ultra-low input (100pg
of total RNA).

(5) Large-scale low-cost directional single cell RNA sequencing
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We developed a new method to sequence all the transcripts including non-coding RNAs, conserving strand information,
and counting UMI (unique molecular identifier).
(6) Target long read sequencing

By combination of CRISPR/Cas9 enrichment of region of interests and ONT MinlON long read sequencer, we
developed a novel protocol for more efficient sequencing. We applied the technology to resolve phases in compound
heterozygotes with neuromuscular diseases.
Results of Advanced Data Analysis Technology Development

As part of drug discovery support, the following four upgrading tasks were carried out.
(1) Enhancement of genome reference information including non-human species for the search of disease markers and
drug targets, and promotion of the use of gene expression and interaction data

To the utilization of these pipelines in the support, they were made available to the general public through the data
analysis system (Maser). Host genomes and genomes of viruses and other organisms were made available for
simultaneous analysis, and the search for viral sequences on host genomes and host-virus fusion genes were provided
for support. (100% achievement)
(2) Development of full-length cDNA-seq and trace sample analysis pipelines

We started using a pipeline that maps long-read cDNA sequences, performs gene structure prediction and differential
splicing searches.
(3) Introduction of data analysis support technology for genome phasing analysis technology using Chromium and ONT
MinION long read.

We developed analysis technology to enable identification of disease responsible mutations including newly emerged
mutations and more detailed analysis when genealogical data are available. (100% achievement)
(4) Support for Single Cell data analysis

Using container technology, the analysis process was moved to a supercomputer, achieving a processing capacity of
10 million reads/day per job. Al was also used to estimate the function of unknown cells. Developed an algorithm to
reconstruct cellular lineage by using mutation patterns. (100% achievement)
Intra-unit collaboration

Intra-unit collaboration was carried out for one research project that developed into joint research that continued to be
supported from the previous project (PDIS) and one research project that was supported by BINDS. In these
collaborations, Kyushu University and the University of Tokyo were in charge of epigenome analyses (BS-seq, ChIP-
seq), and RIKEN conducted transcriptome analysis (RNA-seq). Each of these two projects was published as a paper.
AMED collaboration

As a collaborative project with AMED P-CREATE, we conducted joint research with Juntendo University. In this
study, comprehensive analysis for transcription initiation site analysis and gene expression by CAGE-seq was performed
on endometrial cancer tissue for the purpose of searching for biomarkers for diagnosing lymph node metastasis. We
identified two genes, TACC2 novel isoform and SEMA3D, that most correlate with the presence or absence of lymph
node metastasis and clarified that the combination of these two gene expression levels enables highly accurate
identification of lymph node metastasis. As a result of in detail analysis of the new TACC2 isoform using MinIlON in a
collaboration applying "(3) Development of full-length cDNA-seq", more than 800 isoforms were found in endometrial

cancer cells, suggesting that far more isoforms are functioning in vivo than previously thought.



