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Development of a new functional genomics mothod to perform single-cell enhancer
identification
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Enhancers are one of the key cis-regulatory elements that control gene
expression in a cell type-specific manner. To enable enhancer analysis at single-cell level, we
established a novel ReapTEC approach. By applying this approach to approximately 500,000 CD4
positive T cells, we profiled the activation states of approximately 70,000 enhancers in over 100
cell types identified. We integrated this enhancer activity map with large-scale human genetic data
to provide a systematic functional interpretation of DNA variation associlated with autoimmune and
infectious diseases.



¥ X C—19,. F—19—1, 2—19 (58

1. WHEPAR SO 5

A Y =X, FEa—TFT 0 T EICEAE L, D TR
78 R LI IR AL U B0 > S ARG T DR BL & 38 )
([CHIIRT B ) MEEECH D, ARFZETIE, 1 L
TH % DML D T2 2 —TE M % AT C X 5 B 72
BT A LT 5 2 L kiR L=, Zhic kv | fEkivic
I . B FOREFOEL R TOZ AN — TR E
FERCAERL L2 0 BB T ORBUCE B Y 5.2 5 B
2R SNP ROMWAYT ) WERERFETE 52 LA HE L
L7, kD44 7 LECHIRNT &2 X 0 BERERI 72 5 L S\ MRNA
BEfL - TR X, Wi RErE S ) MO A AR T

2L AR BAE L F 5 7200 O A E T O BRI | Promoter |
BLY fA T,

Genome

2. WHEOHEM

BARTF 725 RNA ~DEG 26925 7/ L s LT, BinFiIio 7 o€ — 2 =L@ o~
N =R D, £V DT, oY —iE, RRZERRR RIS L, EAL) IR ERT
DIEBLZGRINIGTR L, B x TR RE &2 AE A T, = —ORBEREEZMEIX, B F o
HRICREHIET 57 ) AO—HHZAN, = h—

Wi b IEHE LT B (Trends in Genetics 2016, Cell “RNA m—-
Reports 2017) Z &b bbb EmMH L Lz

P— D/ S 1%, = P —RNA(eRNA) & T H NET-CAGE‘

% non-coding RNA 5 x5, LaL, eRNA X VI | IYNY—
BENTHY &0 ) BRI o s b, Fex iz o DNA ;

FEHfn D eRNA Z B I LU, m ksl BERERY S .
RIEHAL T o~ — % A+ 5 NET-CAGE % B I’“’”‘ﬁ?f¥%EE*SNP
s U7z (EBEFFF WO0/2017/130750, Nature Genetics Bk - £ETER - PLILF—FR
2019) (4 2,3),

ARIFFEERBETIZ, bulk OFMIALRES eRNA 2 FEEMRH T2 NET-CAGE E2 FICHRES
. THIE LR T — GV & AT C & 2 #8972 B 5T single-cell eRNA
sequencing JEDFENLIZHREL T 5, THFE, BT 65800 oM LT, 1ML~/ Th
TUAT VT N AN EITAD L Do, LarL, eRNA X mRNA |2~ THBLEDNME
<L HE LR L AL TIHATREECH - 7272, B LWL ROMENERH > 72, ARWFFERET
W, FEA DT RO LWERFINEREETHZ & T, v 7o b —fRTEE ML
Do

3. WD HE

2 S i - a
N /%_E'T Fﬂ‘j 3§ 4 %5 single—cell eRNA - -
sequencing ¥ 1% . 10X # @ droplet- N RNA \
barcoding sequencing {f@ 5’ kit & _X— \l.J‘E;}_» 0 — .00 — _";: —» NET-CAGE%
AT LT, eRNA ORI Z = D TR % it \I

9, BRIIZIE. Tt X9 2 LRBPEZD
N5, @O 1lassr cix Tla) 21 >~
Ty MCHWD A, RYETIE Tilfagz) = H
VB, KUK B BISRE MR A R 5 7 B TN\ H—RNA
o b = — L3RR D NET-CAGE 7  (Nature s T T
Genetics 2019) TR L THV, [,y  NETCAGER

emess iﬁ{gﬁ% SR R
~—#%JLRNA—> CAGE% He N
T OQ e

77 —&MAVB, ZHICEY | MR Lt datA
B SHL72 mRNA 23BRE S AL, BN D eRNA 23 :
Mishs, £72. 29 LERNZRTREZG 0]
TR RIA I BT 2 LROAEHTH ——

%o MHEEZEO HT-01201%, /A4 X&H



EANZRET DOV ERDH D, eRNA DY — R EZ 5 THRWE O ZRRICER T 572D/ A 41
VI AT 47 AFWNERET S, £, Ao — 7 =% — (NovaSeq <° MGISEQ)
T, BEEDOK 10 [EOBIEEETY — 2/ = 245, S5I21E. RNA D 5’ Kk & i+ 5
NAFA T HRWTICBNT, T2 XT 47 ADT —H_X—2EREZTD A L, eRNA &%)
BRI LI T b B, T LIEkAa R T REMAGDLDETH LW T Mlg= 2~ —fif
IR VA RS

4. WFRALE

T ld, — ML L~V TOx N — AT 2 ATREIC T 2 72 1T, F& 1358 LV ReapTEC {5 % filg
MY DI LI LT, ZOT T a—F &K 50 HfE b DLEET~T 1 2e CD4 B T A
THZ LIk, 100 FELL_ED CD4 Bk

T Ml REL, S5IcE0zh2h 250h O ey

DRI S A TIZTEEL L TODAE o4, memory B S g

K7 T EO T oN—DIEME IR e A ®327) " o y CDd+ effector-GNLY

TuT7 AV T o LITERHILTZ,

ZOZUNY Iy T a2 R O aave
e MBIEFET =X ERAMTT 5 2 .

CD4+ effector . CD8+ effector-GNLY

& memory (5.187)
B (3,505)

LT, HOSESRBR O COVID-19 2 . T Bt
EDIBGLEIZBE T % DNA 28 5 2 Rl I CREuT8e &
MRS 5 LIRALE, £ RBOR \ gl il (R

JEA B = X LNIARBRE N Z N, i
F CRHEEIZI T TE 7= Genome—wide association study (GWAS) ffiSZMEEERYICHREMT 5 2
T FLneE NEREARZAT oA DBHALNIR A Z ENHFEENS, FO-0I21%, FEAREE
loci G, JFRIESNP # B AR A > MZREEL, X HIZEO SNP 23 EofifafEicisne, &
DI DORBICHEL 52 TWDONZH LT 20BN H D, AWFFETIE, MEICBRE L
72 ReapTEC {E&H WA Z LT, B FD CDA [5ME T MO KB 72 57 scRNA-seq (2L VW RS
Tekx ey 7 A X —DZNZEND G, W RPEIC eRNA % £ PET HHEEERY /2 L P — 1
THAEIE & o O R B TR ET A Z LIS LT, 2 b= —D ) v
THEGFEHERT A Z LT, 28R cis—regulatory map ZAEZE L7, Zh a2 KK E b
PR GWAS T — X AT+ 5 2 & T, ZHE T ST I 2h o7 CD4 [5 T #ilia 7 #
A4 7R MEEICHEE L WA A Z RIS Z LICPI Lz, £, KEICEET S SNP &
FoTWwbz oy d—2) v 7 LEBEGFICITE PRI A 5T T ARV EIa T
NEENTEY ., FTLWABROAREMZ RE L TWD, 20 L 9ic, —HilaT oo P —fRArE
BRI L, SHICE MEEBY ) AT =2 AL, & MNEEA D =X LB HLHFE LT,



3 3 0 0

Hirabayashi Shigeki Shirakawa Kotaro Horisawa Yoshihito Matsumoto Tadahiko Matsui 546

Hiroyuki Yamazaki Hiroyuki Sarca Anamaria Daniela Kazuma Yasuhiro Nomura Ryosuke Konishi

Yoshinobu Takeuchi Suguru Stanford Emani Kawaji Hideya Murakawa Yasuhiro Takaori-Kondo

Akifumi

APOBEC3B is preferentially expressed at the G2/M phase of cell cycle 2021

Biochemical and Biophysical Research Communications 178 184
DOl

10.1016/j .bbrc.2021.02.008

Takahashi Tomoaki Kawaji Hideya Murakawa Yasuhiro Hayashizaki Yoshihide Murakami Takashi a7

Yabushita Yasuhiro Homma Yuki Kumamoto Takafumi Matsuyama Ryusei Endo ltaru

Significance of HMGA2 expression as independent poor prognostic marker in perihilar and distal 2021

cholangiocarcinoma resected with curative intent

European Journal of Surgical Oncology 394 400
DOl

10.1016/j .ejs0.2020.08.005

Ooki Akio Onodera Shoko Saito Akiko Oguchi Akiko Murakawa Yasuhiro Sakamoto Teruo Sueishi 141

Kenji Nishii Yasushi Azuma Toshifumi

CAGE-seq analysis of osteoblast derived from cleidocranial dysplasia human induced pluripotent 2020

stem cells

Bone

115582 115582

DOl
10.1016/j .bone.2020.115582

A new genomic and computational approach to study human genomic enhancers and its association with diseases

1st International Symposium of CCII

2021




Identification of Transcriptional Regulators Using Novel Next-generation Sequencing Technology

85th Annual Scientific Meeting of the Japanese Circulation Society

2021

Decoding functional DNA elements in the human genome

1st ASHBi SignAC Workshop

2021

RNA

IPR Seminar

2021




1FOM




