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BT D ENTEL, (ZOEFITITERK 29 4F 4~6 HIZAR ST 72 b ONCHIRF O S 11 M5 &
NTW5, F£72. review artcile 22 B EFENTWD,) TDIHIHIF 2 10 L EDFH L 53 #iZ -7 (Cell 1
. Genes Dev?2 ., JACS 3 . Molecular Cell 4 . Nature2 . Nature Commun 16 ¥, Nature Genet 4 .
Nature SMB 2 W% 51e), F7o, FHIBNESEROLFEIEEFRNZLLTICE L O, KNG, FHEPEIZHE
ES E‘?ﬁ/\fg‘éfﬂ% LEIIAATHERFIENED SN EB 005, L EOFBEN G | AREBIIIEORHRO),
@, DT> THEFIZED LN, YHDOBEEZRFICEKRTE LA LMIL TS

wo . CL=
o EH

il B

=B _eEe R

M Py s |

| mmm &l mEm
w75 w5
&= =L

nE =% nE =%
e )

B ED) HEED
FE ok
AE #F

x5 FEE
T &
EAR i

EEW) R
REBEEYF =@
= e = w18
HEG) AE
T b T
FH FH

N FT5 A mza
ool BIFR
HE &
HE Ha
Bl ES:]
*E W
e *E

nt&sg@k_mtgqBi&i’!’fggmﬁmaﬁ—qmamm o 88 E 8 |\l Bly|w B | 2|8 x| x| Bls| o o|a]«|x
aaaEgkﬁxigﬁgw««ﬁﬁggmﬁgr}&ﬁz:ﬂ#a ar:aﬁgﬁg&?g&ﬁ%wg"sﬁﬁmw@mﬁﬁgéﬁiz«a*
BHoOE B ] P BHoE ] P
TR 24~26 EE (k) HLUICTER2I~28EE (B) OBEAERFEOEMEKR

T ODOFIEMERRE, E 2 OERCRILZ LI TICE LT,

(GHERRZE 1] ABFFE Tk, #1172 Pol B AAERIK 7 DFIE « fiffT & AHIRN TO I A 3T 4 7 Al %
WL T, POIIEEAERDO Y £FT U v ZiafE & ZOWBRICHFET DT = v 7 KA > b OFIEERE OfiEH % H 45
L, TR, BBEOXKAT v THWOT7 4 — R 7 U — KHEOR2 5T, 7 40— KXy 7l OFE%E
HI R T ENTE, R 2IEAT A= —H— DY 7 2= b Med26 8 3" 7 1t o 7RG
ZHIE L T\W5 Z & & R L7 (Takahashi er al. 2015) . JKXHT, B2 B# R [KF Elongin @ KO ~ 7 X Dfig#fr
725 | Elongin MR G BHARIZ 28T 5 2 L RME S 4172 (Yasukawa et al. 2012), & O (T ERAH AR 43k % & H
W BRI B ) MRS EREZ OGN TE D oA H—n b P aE—F —~D— AR IE M
BMEIIRRY oY= T o —F —/ERFPHEAEIEO TEREIEMEZE & D 8T LW g E
i &7z (Kurotaki ef al. 2013, Nishiyama er al. HFEHEH), S HIT, D LH 3 DFET D 3T v
7 R GAEFERR IR DN BAR T T & IS U BRI S D B IR S R[] NELF, % v v 754K 7 CBC, RNA
SR D NEXT BAENREEG L TWAHZ EEZH ST L, Polll NEETZEICE LWE S OIEEY A /4
Fr I HEAR O — i & 28 L 7= (Yamamoto et al. 2014, Zukeran et al. TR T)

(BtERFZEE 2 ] AAFSE CITER G HEERIC L VIEEY A 7 VI L 2 BETIEGHAKEZH O N T D2 L
R E LTz, OBEBFIREFEIERALOBAMIEE HNTE R RO ) UB{ERDBALESI SRR TZ L
ZRA LN LT, FexlTe A b 2 o B ORRZEFEMOP THRIC Y VEEICIER LeE X 2 H2A
D C KU VBT A DN AFIBICEBWTITHE L TWA Z EEHLMIC Lz, 260U IR biZF 4 2
RIE L7y ayya URTNHK-1 Db hARER Y VRKIIZK D fiE S D 2 & Z3EH L7, Braefiuz A
WTEARMSY VEEEER CTH S VRKL &2/ v 7 X0 T 5 Efix OBGTHRELMET LS AMAREEsE S
KT 5, NAMARIESE & BE# 9 5 Cyclin DI OB TR ZME T 5 7 v € — & —F8K TlX VRKI OJHTE
L BEA RV H2ADC KR Vb 2B, b A M AMAEMIBEZEORE NN AL ZF SR T =T
4T IRAN = ALEFEHT 5 Z LN TE 2 (Aihara ef al. 2016), @Pol 11 23MEL T 2 i G ERIEHE &K & iR 5
FIANR 2B L T2 AT 4 =— X —EEERPE &k 2 THREIEHAL L Iflo A A~ FHEMEZ R L CH
SREIZIZB D D TLRYIEMEALIC A T =— X —PNEERER AR T2 L 2P 52002 Lz (Tsutsui et al.

2013), & BT, FEARHRER - TFIE OfEmfiE 2R E L, T OMWEEA I = X LN GEMICHEMTE Lo Ik
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<72 (Miwa et al. 2016),

(GHERFZE 31 AWFIE CIIMD Ok 2 7 2 G HIEE A ROMIE L BT 2 B E L, Fx i
G [K 7 GAF1 28, BERER LT DTNV Y > (GA) BENMEOEIIAEY O | K1 DELLA & 3t
ICERBAEEE SR A TEAR L. GA ORENE L 72 d LETMEIEAREEKR T 2 /A LEZ, 20 GA
\Z & DEREHEIE AR OBEREIHUC K 0 | TERITFBIRIETS o 72 GA A MEER O 7 1 — K3y 7 HilH<e
GA IZ X DA DEWEHIHZ 75 T L~V TR TE 5 L 512757, & 5HIZ RNA-seq & ChIP-seq IZ £ ¥ GAFI
DOIEHNEIEF AR L, BEOHER L E 2 5D ALP1059 (R4) ZIFE LTz, ALP1059 OHERETE A7 i
RZES LT, TOREMAMNT L, ZREITGA ZHREGINEZPDO LI RIEERELZRL, &HICHER
DMIEHE S T2, ALP1059 13 GAIZ X D AR LB OB 53 285 B 2 bz, AFRICL D
R & PHEN T B R G A R OREREEE D A H = R AR SN . S SIS — 7 o —F&
TN CEERENE G FRFRESNZOT, YO RMIXIFTERSNZEEZ D,

(GHERRE 4 1 ARHFFETIX, Ml 7 K D EEGR T O EM & L TENICBE SN ERS, R
BB E T RBEE O BRI BB S NA N T A D= AL EHLNIT A2 L2 AL L, 5RO
EffilL, RINAEVEFIRICE Z 2720, RER ARG O %2 BIY & 3 06RO FBRE) FIE CIIMAT 238 L
W2, TREEE OHERIFRICK VS FU I ab— g T ko TRIBEICER Y AT, ORISR, TERkET
I 2D Z EMTE o7, BRER T Btsl O RIREMFEIR DL FEMIZ X - TR S 415 DNA FEfE SR
DALy Tx—A—a X ODFEZHLMNI Lz, EHIC, iEk, HMORERFICOBRER LTERSNT
ETALFHERIZ X DB R A DIEEE(LIZONT, =iy Y Y —AFIZEBN T s L~V THET L,
(e 2 5% B ERF OIRMEZE(LIE, £ OEFRF S HHIC DNA ISHEE T 58— FF—BERF 0
I L TRRAZLERH L, FONT A=A NE, Bhix 5 T -BERTORRY 2 74— R
—aryDHE, N— M —ERBERFDPEIRAICZ N = AZRDAT Z D 2R LT,

(GHERAZE 5] AMFZE ik, A 1 578t A= 7 L EBMNTICL Y, B5Y A 7 o T8 [E
B B S L, BEETER K OWMINTEOR L ERLEZED TE -, BRORPFTMIIC LV &Ex 15
F-Z FEIC B ZR T & AP0 E B O BEMEEHT 2 10T, FRAP 0B MRL BAISREE1E & OB BAIEE S X T A
DOFIZ LY . BERBITESERCEEMEESEIC O VT, POXIRRFVEDEA I I THETS
MENWI T AT IV ARIAZHEEL L, SEERANOILFRFZEIZE D, (1) B5HER T DSIF OEG KRGS
\Z P-TEFb B LN CAK9 1T L 5 VU b o&El (ILOBEE OLFEMIE) . 2) =Y Y — MRS X
BRSO 15 FE BT L D NIRRT (BT BE M4 & o JL[ERFZE) . (3) B/ MEMERL % v 327 &
DOENREFENTIZ X DB/ IMEREIETE AL A 1 = X LR GEEEFSEE AR L OLFZE) 4) e A MV H3 T EF
JALDERE B IG s X MR G R IZ 31T DB GEEEMFTEE Ak & OILFEFE) 5) AT 41 =—F—F
/X7 8 Med26 OIS L HEREOfENT (LD BE ®E(H) & OILFEIE) 7LD, MEBMEI A7 A X
DM E DT D Z &N TE T,

(GtE®FE 6] #Hi/ils —~ o ¥ —Ion Proton Z ¥HUTEA L, Z DOFMEE ED L T2 LAl 7o ERERY 7 ) I fRAT
VAT AEBEL I LWAEMBGO A D= A LRICET HERERMET L EEBHO—2L Lz, Ton
Proton F7EHFIZ, PII v 7 DORENTE SN TN, MEHIMZEC TRENRIND Z L7 Y¥T
EL Ty —47 A7) (60 Gb) G5 T ., TOEMAIC O W TIHIRAA U, —F T, HAHIBRIZS
% & DO Ton Proton Z VN TEMEMFSE 1 OREMIEFE - LD 5 & RNA-seq ZH 0 & L7cfra Dz, &6
\Z Mlumina LD > — 7 - — % W TSR 1 O3 HBF5EE - BAT S & ChIP-seq DT 2 1 D — & D Rk F
#1587~ (Kurotaki et al. 2013), AWFZEHED4H T 5 =Fi%. Coffin-Siris JEMEREIZ I 5 BAF A AR H &
{5¥ 6 # (Tsurusaki et al. 2012, 2014), Kabuki JEEREIZI 1T 5 KDM64 E{s+ (Miyake et al. 2013) Z 5L
BRI T LTz, 2RO ERE X, Ton Proton TO PII F v 7 ORI TRHBEIAE T 2R &R SN %
7L< 0, BREICED 2 BET B 2 RAECEMEE 7% BB 2 SIEFICHERS L 95%RE &35,

(HHEHE 7] 5 A 7 VISR T DEREBEEDO LA T I 7 A%MATHZEEAANELT, avta
— T 2 IE LT3R - SRR 7 T a —FIC X AR A Ei Uiz, SRR T S a—F L LT,
P TYyIalb—yva VHRIBEZHEBELERM Y I 2 b—ra VX D2k eiEo 7Y v 7k
ZOfTEAREE LT, oy Y Y — AN IBITDEEHEIKN R X 7 VA Y — 5 & OMAERICR L
T, FNOOEIIREEZE L & FDREVEZ T LZORIE A I = X L2 TE -, RN T 7o —
FTIE QDEDT ) I VAT —FBIWE LA T A T H~T 4 7 A2 L THRAEBICHTT5 2 &
2L 0 BEHIENC ST 25K TR L ORI 2o e A R BRI L2 =87 ) AT 5 T
BEBR LT, TOMNTHERE Y=y NOWREIZT 4 — KX 735 —F, BN THEL Ho72 KT A
FENTICHRT 25 =— XK 2, AMFHIICERO H 5RO EZ | S 34U DT A RIEREHITOY — LD
BARE 21T o 72, WEERFOFHEITIZITEMR SN LFLDZ < OFFEITIERIPFIE & L TSR S ie s, FseH
IR ARICE TEN -T2 2D -7,

11




3. BMABEBOHREEROBMER L HBHORLRR (1 X—=TLRA)
RFEHEER | IRE S U T3 BT, 2 ORIBR & TN A MRS 5 120103 U RE RIS oW C RIS RRIE L T< 72
S, Fio, MBERETo2HEE, BFICE DRSOV THRGE LT EV,

s 1 EENERFMASRATLOERLORRE 1
IR E A LMD A T R ZBAE FOB NN L 70577,

RARES 1 12T A%t

BRI O TR BN TRZ T T, S BITFEK 26 0 B I3 FANIRESIE O THEBZ M/ N2 &
EHIT, MRS HE~O e (RICRIEHSEKE L L) 2ARBICESVWTHETHZ LT, AT
U ABER AR LT,

MR 2 MBEAHXRFAIRTLOERALOMRE?2

FURNILFEFIH S A7 L0—E & U TR 24 B2, FE2 SNT2I1ED0 0 O 5K — 5 > % —Ion Proton
A7 A (Life Technologies 1) Z&E A L7, —FEIZ8 T4V — RN AIEEZR P1 F » FITH EHE T,
To@mt GE2T IV —F) TASEMED B PILF v 703k » A #IZHIE T E & OfiiiviA Z ClA)
FEFEZTRA TN, A5R PILF » ZIXBIE N EL L, RGeS N2 o Tz,

RAfEm 2 [t d Btk

WMA%, PLTF v 72 AW CEARICRY— o —%2 b7 a b a v 2% Lz, PILF v 758
DRE LB 2o TeTed, MisZafR L TEMT 5 Z &I1C Lz, 37725 RNA-seq it o/~ HhBi A
@ ChIP-seq fi#HTIZ 1% Ton Proton % F\ >, KEI 72 ChIP-seq fIfHT<CHRER Y ) LD BT X Y — by —r v Afif
Bricix, A (GHEAFIE 6 {C#£E) 2347 5 HiSeq (Illumina #1) #HWCTTF—4% 2B L7,

MER3 LAEMEZFEOCHELDOME

ANFEOH (FHEK - B) IMREMEICh D ~0 X% BEET D SR ESFSIIEHT O & G itk CHERF L
TV, T OMBRGEEDOH A CTHREEREZ IEO LN T LIV, <7 ADEBRN R 28 4F 6 H LAKE A
vy 7L TCLEST,

MEES 3ICT Btk
THERIZEZ T TH ¥ 2 2SZAHIZ SPF LLD~ 7 AR B i 2 3% L. Rk 29 4E 2 A b Ehr g
BT AZ ENTET,

HBEFLZOHEIZONT

A0l FHHBEOMMEETIL 3 2D D, F 11, THREEOWIESHE TS A A T 3~T 4 7 AZHY L
TWMLHAM LK - R L2ZERE) 28Rk 25 FEEICAI LIZ72D ., MIHEFoBZE TH v P BE
OB IEE Th o TR LR - W LEgERT) & Rk 26 5 L FFe g & Lic, 212,
(L A BEDOMFZE Sy A CTlin G BRIATE OFSRERFFE 2 24 L T2 I CRRESE K - #R0) 2 —& Lo
AT X VR 26 FEERZ & - CHEBAZEEN L7272, 4 18 CFERE25~26 FEE) OAEHEE & L CH
WAL T zmiiES i (dEK - B) 2k 27 FE L OMESHEF L Lz, Wb THILATZWR
AR R AR 7S o 723, O, SO BT T oS BE OB RN U7 R BN E TSN o729
REIE 2 PR > TR 2 HED 2 Z LN TE 72, 312, FREIOMESIHE TH 5 KEFH (RGP - =
SRR EMFSERL - REMIEE) 2Rk 26 FREEICE IR AR L, BRItV 2, a2 RIS Fpk 27 4R
DIRg, KAE LA URBEEIZ TR L CW e B (F IR - IR SEE - W) Z(FBRIEOMFSE 041
FLLTEMLE, ZOMBERIZEY ., HEIOMTEEL A L — Xk T2 Z LN TE T,
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4. EERKROMRRUVGTHFEOMREFTRHRMER T LERAAOHRLRR (2X=JLR)
FAEREROFT L OFRFEIC 3\ THM 2 2 72 FEN B o 5 A1, U= A 2 b RO~ OS5 % filid L
TS,

EERROMRICBVTHEBEZT-EREAOA IR

(BEHROMR]

APRBEIT, LIRARW. FH - FERFORE - EAZE L CTEREEMRBMESATK. BERR.
BEMR, BERIE. VYA IR IZEBEYA VIILOFIHEEZRACNL, TOMEEZESREMR
ROEBADBIFHLZEMELEEEGRETHY . IRABLENOERICKIERTE LIRS
NoBREIN TS, AAREEHORER. BEZHME L-ERHFORALGEROBRO-OICLEL
THY. BEEHEE VS ERHUARSFOHLVEFAZEL TERRELAORRICERYT 5 - &N HARF
TE%,

—AT. BMICHD ERLALVFEFTRARBEROEEZERE G CEBET L] EVSKISOVTE, B
MR BEQRER - SREANFELALELGSTHE (\THD. T, BELANLTORTZRDICHET S
TIW—=Th%5K o) ERHOHARTL—TEHERICEREDOFET LHFTZEHL0ON. ARMADOLEA YA
LT LLBERTREAVRY, DXATLEYZICRYBL IV —TOBEEICONT, RETILELNHSD
(3)0 BIT, DA, BE. MEEOHARZRYRALCETEREELDY VI EBBRT S )20 1E
HWMEPHERBZLEOMEICOVWTHLERNMICRE T OIVELDH D 5).

(1) FEFRORIL, HHEEORLBOM S RLHEFREROBAOMSICEI D2 bOTH L5, BRI, ST
T —=FIC Lo THF - ML~V RIT DBERISOFEMEZ ERAICH LML, € Z TRHRLNTHR
EEEORLE  HMEPKRBFELRKOST L EE2AEE LTND,

(2) AR L~V TORMT & R CHERE T D 7L — T3 E WO FEITAM IS L B2 T b, 2 2iE
FHEEEOGHEE GHEFIZE 2 ORFH) . B GHEFE | o0HF) . JIN GHERFE 1 058 bk~
U AEEE W THEZED TS L, mfEh) GHEire 3 oRERE) I EEZ HCTfZe LT
Do IDITARL =% (FHENI 6 ORFEH & oHE) (TEEBEFEE DT ) MR 28 U iR &5
BORRIZES TV,

(3) AHEMZ2 72NV ICBET /ML, WOMICITHHOMIIZEI 2L DL EZ LD, RIEPEE il
LT EEE R OHEEL . L0 —BOLENT T, TOMBILPI~10ICHM LB THD, —FH, VX
T NEMFEIZ O T, I GHERFZE 5 OREE) DO THAEEROZ A T I 7 AOBENL VAT A
W T 7 —F IR AT Z S, #1 HASEPEOASEEFEIZB W T Y AT LM OSE
MEAROLEETH LI, SBIC, hr—=0 20— v gy FROEFEMELZBL T, —HFiHlloF
EEDRENIGH TE 2 ERROBHICE D=,

(4) 5 1 FIAEHROAFEFEIZB W TH A, B, MOMERELZ RO L FEitfi L, EEZNS & O
FRATRNASERFTE 2 51 4 3R, BRR L7z (P23 210 : KW, KEF, R{L, o),

(5) AFERMIL, KEBAIEICEETAA U M THY, FHEFLE LYy M FT A OFEIRES
L o—@LENTE, FOREITIPI~10ICHEHELI-EBY TH S,

PHRMOMRECTHERBERTLERAOHGRER
AR - A

(REFrR]

AMRMBEEH L. EEMBIIEEATEK. BEEMR. GEHER. GERKE. VAL L55BENE
BiEE BEHA V)] ELTIRAET LEZBEMELTVS, TORICIK. BEEOHMEFEIZAIHNE
T DFEW. invivoA A= 05 RER—F o9 —HE)OER - tERFLEVSERM7 To—
FEAWSZLICE T, £HBEEEZIZAPESHEHEEOLEMBEAZERLTWS, ERICEHEMET
TO—FHED-HOEBRAERFRA I A TLOBELERAN G SIATz, £ LT, BERNOBEENLT LR
BAEIZK > T, CoffinSiras EIZEHDREETFORE. —EDGZLEHERIGD 7 4 — K/\y U FliE#E
DAL EIZDODNT, BNEHAEREEZHRERL TS, COI L., GEHlHE WS EBFAELIFORE
e LTElicESd, LAL. AREEHAICHIGEY AV IILEEBEOH—WERICETIEE>TULEL®D
T, SEOMBICHFLEZL, RIHMEHR (I y D T—2 LER-HERZ(FSA) T2 LORBMAIC
BT EEFBEITRETHD HEDERLH o1z, £ 855D ON/OFF (SO W\ T DEE R ERE (ZBE
THORFICEAT SERDBEEZT DA RT A VRBMTEHLITE DT, PRTFLNA A O —HEPLE
EREADODRBEICOVTHEFEL =LV ),
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[FE@IcH->THOEEREDATR]
(a) ARDERIKR
EEATOERABELSBBHICED SN TIERICERLTHY . TOREIKRE(EFMTES, I,
BREM7 TO—FHRAESNBELTEY.,. HEEHOBENEESNATVS, 1 0FMA—DrFPo0v
FULDEBBEESERBN., SHICEFRI— VI Y—BALGE, EiARZESISHREOERLE. Z0D
BEHATORRLGHELELS, SEROSLLLIERDBRLELLITHAS,

(b) MIEME

BRICHMEZ DMXERDLEINTLDEN, Z0 2050 EIEAXRABTORRTH D &1L, HEICHET
%, T, CoffinSiras FEZHDFEREGFORE. —EDEHEMERIEND T 1 — /Ay U HHEEE %
FRIATERA VN FEKREWD, FIELGAEMEFIZCE ST, SHICEBERERHENAMREEINE I EMN
HESNLIN. TORIC.HEARRKREOHE LT, RERREZVDICEZTADLINDEE ) THD,
(c) HARHHE

HEMELE T THLL AEMELERICAZ—VEMELAHMZCRYRAEATEYRELTWS, F
f=. DEMRLAEARDOEBRRELBIFTHS, BEFARBICLEENGEIA TS, BHOLTITH
WT. HESNOOHLFEMNERSIND LS EMRZEBMICHEIRT L0, HBEELFEIMD L
NN 40

(d) BIREDER

HICRERIEGEN Tz, FEEILE EFITHEVBASAEZRERS—V I oY — | HFHNAEMES
DEEIL. MEFOEEIZEMIERIATEY., KELEIFTLS,

(e) SEDMEMEHDEESE

BICHETGELS., COFFEHNERL, AARBEE THESIAEMZ, BENELEHLFE TR
YADIZWE S S D (5)0

(f) BEEARORIKICHRLIBTEOLEY - BEOEUM

BICHERIEIGEMN T,

(1) AERMIL, KEBAEICEETAA M THY, FHEFLE LYy FE FT A OFEIRES
Lo —@BLENTE, FOREITIPI~10ICHEHELI-EBY TH S,

(2) BTN Z DT, &2 A ONEEEICB VT Y AT M EWFER (B3O 2 SCRIFBED K,
BRI TN, i, M, BMlE, Mm%, B LV-voEmkAEmERE) L BRI i
RO DLEEFHEH Lz, WEOABEREEIZE L CTiX, FHEBEEE O & AZEEE O K H 2 L [F TR G K 7
FREE L LT-RIBEZ BEE Lcfth, BHEBEE OO, Gk, A - =5, AP OBREFE) ., M. LA
5, NAREEHE DRI DR IR VAT,

(3) FEIANILFEINITE A MO 54 DHLY AL DRGSR FHEIBED 70 & FATEHE A & X A A CTILFEIFZE D
&z (PIODF v — &), ZORRER, AZPEN DR SN EHEHRCOK 9% (13/143) SHEIK
WNEFIFFEO R & LTH L (P9), FHHEIBIOMY T 55T (13%) L0 HIEWS, ZHITAZE
OB O E P2 TV, LEMEORIEITSHIDITHEEL TS D EEZTND,

(4) MO S ZEMR L CTH 2 HIONEEIEE 28R L1z, T OfEFiChIP 5<° enChIP ¥ % B3¢ U 7= B H:(FH)
2 WIAEEIE 3 AOM THRRMENRED b, 512, FH2WOAENETHE| Ekix, Brikifiop
%% BTSRRI IC AR 2 RO I ERIR L T2, Z DGR, HEH(FE) D iChIP #:=° enChIP % & AT 5 12
i Td D ePICh EDBHFE 21D 5 HF°. Multiplexed 3C-seq (5 DBI%E « FIHZRE LIz IUA, BEREY v 7
N VR BURNTIE DOMEST 72 B8 LT-AEBREO D 28R+ 52 LN T&E 7=,

(5) FHEPEE DI, #5, k. I, BHER). 2 L CABBEE OB, A8 51k, A ch
FENTZT =y M bW KT A O H 2 SIESMI b IR 570, —ROWFEH 285 & LICHES
RMER, e 7=V I TORMMBELZEIToC& e, £/o, Mr—=2 77U =0 v a v TOEER
w7 b, KT SISO T 0 b S A R T L RITITE B X 5 R L,

(3% URL)

http://dna02.bio.kyutech.ac.jp/e-bio/

http://dna00.bio.kyutech.ac.jp/chipseqTW/

http://dna00.bio.kyutech.ac.jp/tfanno/
https://usegalaxy.org/api/histories/3ef744a4d2c38ad9/contents/bbd44e69cb8906b555ec467113e63910/display
http://www .biken.osaka-u.ac.jp/lab/microimm/fujii/iChIP_protocols/english.html
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5. FLHARAR (RPRUFHZEL) (MREBEEZLICHENRRE - 2EHROIEICEET 5]
(3R—=DLIA)

AFTEARRE (A EETe) IZRVEONHERE FERAROFRFEET) 220 T, HILWH DO BIRICRERFER
EINOIEY, REREZAWTHREA Z L ICHE - AZEFEOIRICEI L, BEMICEE LT EEwn, 7286,
BN O ILFRRFESIC X DR EIC OV TIEZED BB L T Z &N, malicY7=->Tik, AMEREICLIVEOLE
LbOWRBICEBE L LET,

<A01 ETE®IZR>

@Molecular mechanisms of cooperative binding of transcription factors Runx1-CBFp-Ets1 on the TCRa gene enhancer.

*Kasahara K, Shiina M, Fukuda I, Ogata K, Nakamura H. PLoS One 12, S —— ll -

e0172654 (2017). 207 g
XEHEBED AT & FHEBEORE S O OLFEFFERR TH D, fiH BN 7=—Q- ‘

PeiE L 72 Ets1-Runx1-CBFB-DNA # A {AIC ﬂféZWWMMsmmmm e HIHITIO S =hlei:l t 4\

BICEDEHEMD 2 2 b—ya U EPR O AFER L, ZOfRIC ; 3”£17i4

mmm%&@%*y%U~7%ﬁ%%f%w%hé¢bﬁ%ﬁ&mkm 2 “afﬁy'

Ko THRFHOMBIF v bV —2 Zfighf L7z, RunxI-CBFp ~7r¥ o 0 %;J S\

~— L OfEAICE > T DNA OB/ Y, Zhd Etsl b—7fH 8 ‘ TRl

WL OMEERERRELLTL—TORLESHAL, oMz Ny §7 FFGut

WIERIICTER T % & 9 | Ets1-Runx1-CBFB-DNA # &KI2 3517 555K E—-i-#*mrmr

FHOT B AT U v 7 RIESIRED S T T L~V CRBITE 2, e e T s

.Lyn kinase suppresses the transcriptional activity of IRFS5 in the TLR-MyD88 pathway to restrain the development of

Kimura A, Klrnura Y Yanai H Miyashita S, Kuromltsu J, Tsukahara K, Yoshlmatsu K EndoI Yamamoto T, Hirano H
Ryo A, Taniguchi T, *Tamura T. Immunity 45, 319-332 (2016).
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T AEETIVE LT, BHR T OIGVEREFEAE DT 21T > 7=, IRFS OfH|K 7 & LT Lyn Fa v FF—
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@Histone H2A T120 phosphorylation promotes oncogenic transformation via Control  VRK1 H2Awt  H2AT120l

Kato M, Doiguchi M, Imamura Y, H1gash1 M, Ikura T, Hayashl T, Kodama Y,
Oki M, Nakayama T, Cheung E, Abratani H, Takayama K, Koseki H, Inoue S,
Takeshima Y, *Ito T. Mol Cell 64, 176-188 (2016).
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HELTWDHZEEWALNI L, DAMIEEESE & BEE 9 5 Cyclin D1
DEEFRBAZFEGT 57 0 E— % —fHE TIIVRKIDFEL & A N H2ADCKER Y Vb2 HT-, Zh
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@MED26 regulates the transcription of snRNA genes through the recruitment of little elongation complex. Takahashi H,
Takigawa I, Watanabe M, Anwar D, Shibata M, Tomomori-Sato C, Sato S, Ranjan A, Seidel CW, Tsukiyama T,
Mizushima W, Hayashi M, Ohkawa Y, Conaway JW, Conaway RC, *Hatakeyama S. Nat Commun 6, 5941 (2015).
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.= b Med26 2% LEC % snRNA 72 £ ® non-coding RNA & FfEIHIZY 7 /v — F L, ZTORBEZEHET S
ZEEHSMNT LI, AHFREIC L 5T, Med26 132 DD R il BMEE S SEC & LEC % %272 5851
FEIRICY 7 — b T D EEHLMIC L,

@DSIF and NELF interact with Integrator to specify the correct post-transcriptional fate SnRNAR I]l:z b YEE| o) ayze
Ha 3km
of snRNA genes. Yamamoto J, Hagiwara Y, Chiba K, Isobe T, Narita T, Handa H, L 2 L4
*Yamaguchi Y. Nat Commun 5, 4263 (2014).

Pol 11 EIxGFEMICHLZ 5 3 FEFHD K7 ot v 7Rk oy o
mRNA (2 Z 27 U (AN, B 2 b2 mRNA F 727 mt1 2 7 snRNA
WZHEE L, FREORENEBININD L AL
L72, snRNA (AR U (AfINEZ T 20, E5HE R NELF &/ » : ,
XL Pol I CTD @ U U Efb 2 BHET 5 & AR U (AR D snRNA 234 RNATR U X 5 — Bl
L. ety y ZRENEGHEOR LT active ITEIRENTWD Z L0387 (/- —
Hinklpol, EBHITEELWEENTAYS . NELF 138 U (AR CstF 0V 7 v— s &2IF TRk, 7uk
VU TR OSEMPERTE LTIV TS Z ER o T,

15




@®DELLAs function as coactivators of GAI-ASSOCIATED FACTORI in regulation of gibberellin
homeostasis and signaling in Arabidopsis. Fukazawa J, Teramura H, Murakoshi S, Nasuno K, Nishida N,
Ito T, Yoshida M, Kamiya Y, Yamaguchi S, *Takahashi Y. Plant Cell 26, 2920-2938 (2014).
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@®Regulation of RNA polymerase II activation by histone acetylation in single living cells. *Stasevich TJ,
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@Essential role of the IRF8-KLF4 transcription factor cascade in murine monocyte differentiation. Kurotaki D, Osato N,

*Tamura T. Blood 121, 1839-1849 (2013).
SHBIZ I3 1T 2 il SR A AR S ) 70 iR G AR & B 2R T A 7 VIS E O RO X ICEHR L, ER
Mo bZET L L LT, IGER 7O/ EEM & X b O ChIP-seq TS0~ A 7 0 7 LA FEERNT 217 72
ST, TORER, HERMEICHB W TEM = oY —Z AT 5 Rk FF RS K1 IRFS ZREL, &
DR T — 2 & in silico DNA & F— 7 @12 & » THRBIK 7 7 A7 — R [IRF8-KLF4 | %2 T, =D
FEEZITR, T ERL L TRIEMEHERY 72y hOSMEICHNATH D Z 2R Lz, ZhudEtm
FED HA & EHHBEOIA « =F 5 OFRMFFERETH 5,

@Mutations affecting components of the SWI/SNF complex cause Coffin-Siris syndrome. Tsurusaki Y,
Okamoto N, Ohashi H, Kosho T, Imai Y, Hibi-Ko Y, Kaname T, Naritomi K, Kawame H, Wakui K, -
Fukushima Y, Homma T, Kato M, Hiraki Y, Yamagata T, Yano S, Mizuno S, Sakazume S, Ishii T, y’
Nagai T, Shiina M, Ogata K, Ohta T, Niikawa N, Miyatake S, Okada I, Mizuguchi T, Doi H, Saitsu H,  Swects = Suiect7  Subecto
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*Miyake N, *Matsumoto N. Nat Genet 44, 376-378 (2012).
Coffin-SirisfiEERED RN & L. 7 a~F VT U v 7 EBAEKRBAFE R T 55>0H0 7
2=y kb, T72OHSMARCBI, SMARCA4, SMARCEI, ARIDIA, ARIDIBDO\TIVINDIE s oy ol
GFERICE-THEREEND Z L 2B DT, ZHITEFEBEORA - =5 & S EPEORK
55 OILEMTEMRETH 5, REETH S H RIS DOV T0124EIC[FE N 72 B QNS [FEEH
FEZFTV, EPNRFFFIT20164E 1250 LT (RFiFE560042875),
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@Multivalent binding of PWWP2A to H2A.Z regulates mitosis and neural crest differentiation Piinzeler S, Wommelsdorf S,
Spitzer RMM, Leidescher S, Markaki Y, Mentele E, Regnard C, Schneider K, Takahashi D, Vardabasso C, Zink LM,
Straub T, Bernstein E, Harata M, Leonhardt H, Mann M, Rupp R, *Hake SB. EMBO J, in press (2017).
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DHILNTWS, Za<xF B8 ASNT- H2A.Z O C RKEGTEB N R G K - PWWP2A CFEA/ERH L TEY .,
Z O AEAER N EEEHENC B R E A BT o 2R LT,

@Hybrid cellular metabolism coordinated by Zic3 and Estrb synergistically enhances induction of naive pluripotency. Sone
M, Morone N, Nakamura T, Tanaka A, Okita K, Woltjen K, Nakagawa M, Heuser JE, Yamada Y, Yamanaka S,
*Yamamoto T. Cell Metab 25, 1103-1117 (2017).

IR R -2z, Zic3 & Estrb D 2 DOEREIR 1% [RIFFIZ~ 7 A OFRHELE AN E AT 5 & I b sh == A3 B
B ERT A2 a2 LN LT, 51T, Zic3 & Estb XM ROMREE FHEEH 2 L. Zic3
WIER LR U BRI B — 5, Estrb 3EE(LEN Y VER LA TEMAL T A Z LA RE LT, 26 ORERIL,
By NI —27 EREHR Y MU —7 DNERZICBEE L, RO ZEL TWD Z L2 EWRT 5,

@Dynamic coupling among protein binding, sliding, and DNA bending revealed by molecular dynamics. Tan C, Terakawa T,
*Takada S. J Am Chem Soc 138, 8512-8522 (2016).
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@Position-specific binding of FUS to nascent RNA regulates mRNA length. Masuda A, "\
Takeda J, Okuno T, Okamoto T, Ohkawara B, Ito M, Ishigaki S, Sobue G, *Ohno K. Chromatin DNA )\PPP
Genes Dev 29, 1045-57 (2015).
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@The X-ray crystal structure of the euryarchaeal RNA Sl jaw/ Lobe/

polymerase in an open-clamp configuration. Jun SH, *Hirata P % °0e profrusion q.¢
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@SWRI1 and INO8O chromatin remodelers contribute to DNA double-strand break anchorage site choice at the nuclear
periphery. Horigome C, Oma Y, Konishi T, Schmid R, Marcomini I, Hauer M, Dion V, Harata M, *Gasser SM. Mol Cell
55, 626-39 (2014).
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@Mediator directs co-transcriptional heterochromatin assembly by RNA interference-dependent and -independent pathways.
Oya E, Kato H, Chikashige Y, Tsutsumi C, Hiraoka Y, *Murakami Y. PLoS Genet 9, ¢1003677 (2013).

M ESOMBEDHIENS, NHEBN~T 07 a~F L OBKICIE, Y% aRiEk 2 Pol 1112 L - TiE &
NDZENREETHY, E72 RNAL ITIKIFRI R & KRR N O 5 Z L B0 »o TE Tz, AHFFET
Bizic, Pol l DEERAIRICED D A T == Z —BHEERDB~T v n<vF UIBMITLHATH Y . RNAI K
TFRYR MRS & HRFR R DT TN AT 4 == Z =0l >TWD Z L3 yhoT,

@]Identification of telomere-associated molecules by engineered DNA-binding molecule-mediated chromatin
immunoprecipitation (enChIP). Fujita T, Asano Y, Ohtsuka J, Takada Y, Saito K, Ohki R, *Fujii H. Sci Rep 3, 3171
(2013).
FEIESIT, BEZII LD LT 57 LEREFRILOD 77 FHEME 2 AL RT3 5 720, 3 FIRIFH AR 2 1R
FFLeE Mty LEkcE B9 572 Ol & LT, engineered DNA-binding molecule-mediated
chromatin immunoprecipitation (enChIP) %% fSUZSEEIT CTRAXE L7z, ARIEICBI L T 2013 FFIZEWNZ2 5T
FERSHFE A 1TV ENERTFIX 2016 2N L2 (FFRTFES 5954808 5),
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©Haem-dependent dimerization of PGRMC1/Sigma-2
receptor facilitates cancer proliferation and chemoresistance.
Kabe Y, (it 12 4), Yamaguchi Y, (i 6 44), *Suematsu M.
Nat Commun, 2016 Mar 18;7:11030.

A CTCF regulates NELF, DSIF and P-TEFb recruitment
during transcription. Laitem C, Zaborowska J, Tellier M,
Yamaguchi Y, Cao Q, Egloff S, Handa H, *Murphy S,
Transcription, 201015 Sep-Dec; 6(5):79-90.

A Characterization of the Human Transcription Elongation
Factor Rtfl: Evidence for Nonoverlapping Functions of Rtf1
and the Pafl Complex. Cao QF, (ff 6 4), *Yamaguchi Y. Mol
Cell Biol, 2015 Oct;35(20):3459-3470.

ADSIF and NELF interact with Integrator to specify the
correct post-transcriptional fate of snRNA genes. Yamamoto J,
Hagiwara Y, Chiba K, Isobe T, Narita T, Handa H,
*Yamaguchi Y. Nat Commun, 2014 Jun 27;5:4263.
©Systematic identification of proteins binding to
chromatin-embedded ubiquitylated H2B reveals recruitment of
SWI/SNF to regulate transcription. Shema-Yaacoby E, (1 3
4), Yamaguchi Y, (fthh 4 £4), *Fischle W. Cell Rep, 2013 Aug
15;4(3):601-608.

A Transcription elongation factors DSIF and NELF:
promoter-proximal pausing and beyond. *Yamaguchi Y,
Shibata H, Handa H. Biochim Biophys Acta, 2013
Jan;1829(1):98-104.

ADSIF restricts NF-kB signaling by coordinating elongation
with mRNA processing of negative feedback genes. Diamant
G, Amir-Zilberstein L, Yamaguchi Y, Handa H, *Dikstein R.
Cell Rep, 2012 Oct 25;2(4):722-731.
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© A Lyn Kinase Suppresses the Transcriptional Activity of
IRFS5 in the TLR-MyD88 Pathway to Restrain the

A, (ffL 18 ), *Tamura T. Immunity, 2016 Aug
16;45(2):319-332.

© A Transcription factor IRFS plays a critical role in the
development of murine basophils and mast cells. Sasaki H,
Blood, 2015 Jan 8;125(2):358-369.

© AIRFS inhibits C/EBPa activity to restrain mononuclear
phagocyte progenitors from differentiating into neutrophils.
T. Nat Commun, 2014 Sep 19;5:4978.

Recognition of tumor cells by Dectin-1 orchestrates innate
immune cells for anti-tumor responses. Chiba S, (ftl 7 44),
Tamura T, (ftth 2 44), *Taniguchi T. Elife, 2014 Aug
22;3:¢04177.

Transcription factor IRF5 drives P2X4R+-reactive microglia
gating neuropathic pain. Masuda T, Iwamoto S, Yoshinaga R,

FHE 1 - JIIREE (EFEHRX

1

St 1

1

=Tl 2 - PR (EFA#RX

1

18

*Inoue K. Nat Commun, 2014 May 13;5:3771.
© A The transcription factor IRF8 counteracts BCR-ABL to
rescue dendritic cell development in chronic myelogenous

15;73(22):6642-6653.

© AEssential role of the IRF8-KLF4 transcription factor
cascade in murine monocyte differentiation. Kurotaki D, Osato
Umchara M, Miyake N, Matsumoto N, Nakazawa M, Ozato K,
*Tamura T. Blood, 2013 Mar 7;121(10):1839-1849.
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AROole of activating transcription factor 3 (ATF3) in
endoplasmic reticulum (ER) stress-induced sensitization of
p53-deficient human colon cancer cells to tumor necrosis
factor (TNF)-related apoptosis-inducing ligand
(TRAIL)-mediated apoptosis through up-regulation of death
receptor 5 (DRS5) by zerumbone and celecoxib. Edagawa M,
Kawauchi J, (ffl 6 4), *Kitajima S. J Biol Chem, 2014 Aug
1;289(31):21544-21561.

A Transcriptional properties of mammalian elongin A and its
role in stress response., Kawauchi J, (ffl 7 44), *Kitajima S. J
Biol Chem, 2013 Aug 23;288(34):24302-24315.
Transcriptional elongation factor elongin A regulates retinoic
acid-induced gene expression during neuronal differentiation.
Yasukawa T, Bhatt S, Takeuchi T, Kawauchi J, Takahashi H,
(filL 8 4), *Aso T. Cell Rep, 2012 Nov 29;2(5):1129-1136.
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© Ap53 represses the transcription of snRNA genes by
preventing the formation of little elongation complex. Anwar
D, Takahashi H, Watanabe M, Suzuki M, Fukuda S,
*Hatakeyama S. Biochim Biophys Acta, 2016
Aug;1859(8):975-982.

© ATRIM29 regulates the assembly of DNA repair proteins
into damaged chromatin. Masuda Y, Takahashi H, (ftfi 7 44),
*Hatakeyama S. Nat Commun, 2015 Jun 22;6:7299.

© A The E3 ubiquitin ligase TRIM23 regulates adipocyte
differentiation via stabilization of the adipogenic activator
PPARYy. Watanabe M, Takahashi H, (ftt. 6 4), *Hatakeyama S.
Elife, 2015 Apr 23;4:¢05615.

Molecular Role of RNF43 in Canonical and Noncanonical
Wnt Signaling. Tsukiyama T, (il 4 44), Takahashi H, (ftf 2
4,),*Hatakeyama S. Mol Cell Biol, 2015 Jun
1;35(11):2007-2023.

© AMED26 regulates the transcription of snRNA genes
through the recruitment of little elongation complex.
Takahashi H, (1 14 44), *Hatakeyama S. Nat Commun, 2015
Jan 9;6:5941.
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© AHistone H2A T120 Phosphorylation Promotes Oncogenic
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Oct 6;64(1):176-188.
O ASMARCADI is an ATP-dependent stimulator of
nucleosomal H2A acetylation via CBP, resulting in

18;6:20179.
© ADzip3 regulates developmental genes in mouse
embryonic stem cells by reorganizing 3D chromatin

16;5:16567.

A Enhancer of Acetyltransferase Chameau (EAChm) Is a
Doiguchi M, Imamura Y, Higashi M, Yoneda M, *Ito T.

PLoS One, 2015 Nov 10;10(11):e0142305.

The specification and global reprogramming of histone
epigenetic marks during gamete formation and early embryo
development in C. elegans. Samson M, (ftfl 6 44), Ito T, ({th 2
4), *Chu DS. PLoS Genet, 2014 Oct;10(10):¢1004588.
Histone H2A mono-ubiquitination is a crucial step to mediate
PRC1-dependent repression of developmental genes to
maintain ES cell identity. *Endoh M, (fth 6 £), Ito T, (L 4 £44),
*Koseki, H. PLoS Genet, 2012 Jul;8(7):¢1002774.

164

A Mediator cyclin-dependent kinases upregulate transcription
of inflammatory genes in cooperation with NF-kB and
C/EBPS on stimulation of Toll-like receptor 9. Yamamoto S,

2017 Mar;22(3):265-276.

Crystal Structure of Human General Transcription Factor
TFIIE at Atomic Resolution. Miwa K, Kojima R, *Obita T,
Ohkuma Y, Tamura Y, Mizuguchi M. J Mol Biol, 2016 Oct
23;428(21):4258-4266.

PRDM16 enhances nuclear receptor-dependent transcription
of the brown fat-specific Ucpl gene through interactions with

Y, *Roeder RG. Genes Dev, 2015 Feb 1;29(3):308-321.
Human mediator MED17 subunit plays essential roles in gene
regulation by associating with the transcription and DNA

*Ohkuma Y. Genes Cells, 2015 Mar;20(3):191-202.
Mediator complex recruits epigenetic regulators via its two
cyclin-dependent kinase subunits to repress transcription of
immune response genes. Tsutsui T, Fukasawa R, Shinmyouzu

Chem, 2013 Jul 19;288(29):20955-20965.

124

© A Autophosphorylation affects substrate-binding affinity of
tobacco Caztdependent protein kinasel. Ito T, Ishida S, Oe S,
Fukazawa J, *Takahashi Y. Plant Physiol, in press.

A DELLA-GAF1 complex is a main component in gibberellin
feedback regulation of GA200x2 in Arabidopsis. Fukazawa J,
Mori M, Watanabe S, Miyamoto C, Ito T, *Takahashi Y.
Plant Physiol, in press.

A Phosphatase protection assay: 14-3-3 binding protects the
phosphate group of RSG from A protein phosphatase. *Ito T,
Takahashi Y. Bio-protocol 2015 Feb;5(3):¢1395.

A Phosphorylation-independent binding of 14-3-3 to
NtCDPK1 by a new mode. *Ito T, Takahashi Y. Plant Signal
Behav, 2014;9(12):¢977721.

A Scaffold Function of Ca®*-Dependent Protein Kinase:
Tobacco Ca*’-DEPENDENT PROTEIN KINASE! Transfers
14-3-3 to the Substrate REPRESSION OF SHOOT GROWTH
after Phosphorylation. Ito T, *Takahashi Y. Plant Physiol,

19

2014 Aug;165(4):1737-1750.

A DELLAs function as coactivators of GAI-ASSOCIATED
FACTORI1 in regulation of gibberellin homeostasis and
signaling in Arabidopsis. Fukazawa J, (. 8 44), *Takahashi Y.
Plant Cell, 2014 Jul;26(7):2920-2938.
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A OBiallelic mutations in the 3' exonuclease TOE1 cause
pontocerebellar hypoplasia and uncover a role in sSnRNA
processing. Lardelli RM, (i 38 44), Matsumoto N, (ftl 2 4),
*Gleeson JG. Nat Genet, 2017 Mar;49(3):457-464.

A Oldentification of HOXD4 Mutations in Spinal Extradural
4 4), Ogata K, Asahara H, Matsumoto N, Nakarrrililif;i\’/i,’ 7
*lkegawa S. PLoS One, 2015;10(11):e0142126.

© A A novel allosteric mechanism on protein-DNA
interactions underlying the phosphorylation-dependent

K, (ft 6 4), *Ogata K. J Mol Biol, 2015 Apr
24;427(8):1655-1669.

A OLate-onset spastic ataxia phenotype in a patient with a

Matsumoto N, *Yoshida K. Sci Rep, 2014 Nov 24;4:7132.
© A Crystallization of the Ets1-Runx1-CBFf-DNA complex

Inoue-Bungo T, Shimamura M, Baba S, Sato K, *Ogata K.
Acta Crystallogr F Struct Biol Commun, 2014 Oct;70(Pt
10):1380-1384.

Oldentification of KLHL41 mutations implicates
BTB-Kelch-mediated ubiquitination as an alternate pathway to
myofibrillar disruption in nemaline myopathy. Gupta V, (L 4

*Beggs N, Am J Hum Genet 2013 Dec 5; 93(6):1108-1117.

22 #)
A MKRN?2 is a novel ubiquitin E3 ligase for the p65 subunit
of NF-kB and negatively regulates inflammatory responses.,

*Tanaka T. Sci Rep, 2017 Apr 5;7:46097.
A Conformational changes in inhibitory PAS domain protein
associated with binding of HIF-1a and Bel-xL in living cells.,

M, Sakata-Sogawa K, *Sogawa K, Fukumura H, Sogawa K. J
Biochem, 2017 Mar 1;161(3):291-296.

A A Facile Preparation of Glass-supported Lipid Bilayers for
Analyzing Molecular Dynamics. Ito Y, *Sakata-Sogawa K,

including the OCT4 gene. Yamazaki S, Tokunaga M,
Sakata-Sogawa K, *Harata M. Biosci Biotechnol Biochem
2015;79(2):242-246.

Characterization of nuclear pore complex components in
fission yeast Schizosaccharomyces pombe. Asakawa H, (fill 4

Nucleus, 2014 Mar-Apr;5(2):149-162.

734
© A Biallelic TBCD Mutations Cause Early-Onset
Neurodegenerative Encephalopathy. Miyake N, (it 6 44),

Hum Genet, 2016 Oct 6;99(4):950-961.

A Clinical features of SMARCA?2 duplication overlap with
Tsurusaki Y, *Matsumoto N. Am J Med Genet A, 2016
Oct;170(10):2662-2670.

A Impaired neuronal KCC2 function by biallelic SLC12A5
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