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Epigenetic regulation of key developmental genes from embryo to adult

TSUKAHARA, Tatsuya

3,500,000 1,050,000

DNA
DNA
DNA ES

We performed the epigenomic analysis of pluripotent blastula embryos and adult myo
tome and liver in medaka fish. We revealed that, in developmental gene loci, the size of hypomethylated D
NA domain (HMDg positively correlates with the repression levels of developmental ?ene expression in blast
ula, and HMDs become shortened when the adjacent gene is actively expressed in adult tissues. The comparat
ive analyses with human ES cells, zebrafish embryos and adult muscle showed the conservation of the correl
ation between HMD size and the repression levels of developmental genes. Therefore, this study highlights
the novel features of developmental gene regulation mediated by the size of epigenetic domain from pluripo
tent embryos to adult.

DNA



# XL C—19, F-19, Z—19, CK—19 ()

1. WFERHMA YW DO R

FHEBN L T- 5 T — DO DZREIIH B I
L. Z< OHBEFEN D 722 D EHE2 IR Z1E
Hd, RO D ZREMES] (WisL3E CI g
Nl o NIETHIAEE, A & B TITaRy) o=
ZFE T EARZER T 52 ToMiE
FE~EMMET RN R > TV D08, AN
T IO THIE O L RE X8R 2 12 TR &
N, ZZoMiaoEMBAREI N TV, 3
i D DNA Bld & FE O K HRFED T A 7 T «
T 41X, DNA D AF b (FHEEMIZ I\ T
1L CpG DY b AT AFIIVEERFINEND)
Kb A MO EMiEED T v F s
DTEY = RT 4 v 7 IRIEMIZL > THE
INTWD, £, FHEWIIIET IZHFHN
FEL, BREREESKT LTHDL LERMOE
Wbl THMBOT AT T 4T 4%
MERFTDHENRH D, LI~ T, ZHEMEM
s SRFEAER, 2 L CRIRICESLEF T
VXTI IEMNED X 5 ITET
HZETHROTAT T 4T 4 &HE L
TWANZHFET 5 = L3364 - HAEEIC
BIFABO TCEETHS 1,

ARFZE I, FRICRABEBELG . BT
A ONR G i B N eSO RAE i = R Y el . AT
% a2 — NiEfs & (key transcription
factor genes) IZEHEHT 5, TFEINHDE
fat % RATMICRBE Y5 2 & THlgoE
MERT L LENAETH DL Z ENHS
M- THEY ., REicBWTIn s DOEE
FTRIICBEENAECD EMROTA T T
AT ANEBLTLED Z L THURER
HIEBRREDFERERD b RBENT
W5, BBV L Z, key transcription
factor genes % & ¢e R L BIEEL 1%, ZHE
PEAA I B W TIEMER S L OHI R & A
rAERINEIZEL TV D, 2 S DEEFIT
RAACME 2 HEFF T 5 72 OIS IR BN I &
NTWDLHENRSD DT, /bl L
TITREICHEE SN DILERH Y . Z D%
M7 e A N BRI/ H — T E D XD I
BHECEbL EEZ BN TS, ZD XD
2. FEAREE I X S REME I DS & RIS
EAHFETEOREANEMIZHE SN D L
D&Y KFlZ key transcription factor genes
DL REVER A 2> B RARIZ E 2 FE LA D A
= XN PR D 2L 1AM o SE A A
DAN=ALEEBRTH ETEHETH -T2,

INFTCOZEY 2T 4 7 ARITE
DIF L A ENHAEOEER ML -
THY ., MOFHEEM D in vivo DL A H
WIZBFZE T 72, E7-, WHELIE & AESO
EFERED 7 v~ TF UREEEFEMIZEE L
TEHFgE L D7y, Ll 7 2DV A XD
BEITRARD 2N L RENRY — BB
FTOBREIZIIHEBEBRLZNENLLDOEYH O
AR ZWEIE & T 5 2 L. FHEEWIC
WSE ) 72 HIE e, FLIEIC BV T b
S ni-hli e S 28EdT 5 ETIEAERT
HDH, TORIZBWNT, 7 %A XH/hS

< (800 Mb, ¥W Z - & F DK 1/4, BT F

T4 w¥a® 1/2 LIF), 77 LEH SR

ENTEY, M= THD-OLRENL 2R

OHHIRDINE b LIRS T D A X T

ERWZST ) AT A RFER X OFE Ok R

DZAEWFE L OiRix, FEABEBR O

Y'Y = R T o 7 T2 38 BLE AE R A O BRAR 12

RKELLEMTEDAEMENS D EHAI1TE

X717

2. Mo HM

Fxix, BAMPMEBEMKLF (57T key

transcription factor genes) DT E Y = R

T4y 7 RBBHIEEEIC T 2 007

oY/ R BHiES T,

(1) AXBZaetEfia (R 2k
HFRABEBRETELO 7 a~vF v
EEOMAT L, TOMEZ e b ES
fa & DT 5%

(2) AX IR L ORIz IV T
SAEBEE R LD 7 v~ F ok
BN ED L IITELTND D, F
HBoOAGHE L BE#ES T THIFL, 20
HRAEECT I 74 v vapDr—HL
o e

IS DITIC X o T, ZREMEMIICEBIT S

AR EER T ORBLERMIRENED LD

WZHIBE STV D0, IRV TIRA

MEEEFORBANED X S IcHEEh T

WhHD, EHLNCTHZEEHE LR,

PIF3L4mmEATIE (1) & (2) 124

R 5,

3. Mo Hik

(1) A X B RaREIZ 31T 5D DNA A F Ak,

EHER e 2 F B (B AR H3 @ 4 3FH

DY AN ATFNVEE 2OMIMENTZH DT

RG22 EMAL T DHEEZ FFD. H3K4me2) . 3

L O B 2 N AR (H3K2Tme3) D5/

LT A R 24T 572, DNA A FABIZ-DOW

Tl Bisulfite—seq & FRIXILD FiE FEATF

MEY " DBRNR T T U NVICEBIND

(LRI 54T > 724 ) 5 DNA Z ks —

U —TRE Y — 7 R) TEONRZH

RHEHRT—ZZH (Qu W et al, Genome

Research, 2012). b & bk Effilc >\ TiX

ChIP-seq £ & FEITIL 5 Tk (B X b U EAiiFF

HBHURTAHRAL~ Y 2 X Z84E#% I Bk

Lz a~F o 20Eitk L., EWE R

= U —TRBIE Y — U R) AL

W U CRERT L7z, BB TR BURATIZ D0

Tlik, HHL U 7= RNA 25 ribosomal RNA % B

&, R —r o —TREEEY — 7 A

%179 RNA-seq & FEIEN D FiEx2 AW, E

k ES M OWTIIABRT — % 24 Ay

THEMHT L (Lister R et al, Nature, 2009;

Lister R et al, Nature, 2011), XA X b ja

R & OFE e ki 21T o 70, £12. ZREME

MgickBiF 27 ua~TF MO RE — N

EDXIICHSLTDENICOVWTOMA &

BT, FFERS (~128 MEE) 2B W

T ChlP-seq fif#T 2175 72,



(2) AXHREOYE - LS L Ol
Z VT DNA A F b, H3K4me2. H3K27me3
BLOBEBTFREEDT ) LU A RENT %
17572, DNA A FIALIZOWTIiE, ATl 3
RHEHRT—ZZH (Qu W et al, Genome
Research, 2012)., & L2 k5% 7 HE OHE
ol - EME & RS EAET 2
Da ZRARO ALY - EAFiCH 7 ) AU A K
M 24T o172 VT T 7 4 v alzonTix
sphere #f] (X & B JuRH] & [FZE) 35 X OE
FHETD DNA 2 FNALT — # L ONE B 588
T—H AT — 054 T (Potok Met al,
Cell, 2013), Fx HE CHMNT 21T -7,
4. WFFERRE:

(1) JEREICEIT S DNA X F kB L
TEHER e 2 b AESRf (H3K4me2) . #IHilT & A
koAERG (H3K2Tme3) NZ — %4 ) LUA
RCRMT L& 2 A, AX DT ) MTIFIEL

W27 > TDNA A F /LR L~V TH D |

— EBAK A T AR RE 28 L fGE L 7o fE Ik A3 K
15,000 # FH{FEE LT\ (10 BL o CpG 28
e L TIR A FUIRTEIC & 5 FEI8 : DNA K
AF )AL K A A >, Hypomethylated domain,
HMD), HMD 2% H3K4me2 O BAMNGFIET 5 H D
(K4HMD) & . H3K4me2 & H3K27me3 Dl j7 7%
FET 5 H O (K27THMD) & _FEFEMNFIEL T
W, IMDIZZFDIELE A ERE kb DEETH
ST, B Z 212 K2THMD o235k
+ kb IZHBILSIEFICRE 2P A XDHD
HAELTEY (K 14), 4kb BLEO HMD (&
K4HMD (20 0.02% L 2NFEAE L 722 Dy o 7228,
K27HMD 1349 12%7° 4kb LA = Td > 7= (X 1B),

20 kb

A " " ',“‘_..‘,, Len ot -

1
CpG
)
DNA me
H3K27mes

Hokamea | KAHMD, Y S ik

No. of HMDs

5 10 15 20 25 5 10 15 2 25 30 3B
HMD length (kb) HMD length (kb)

1. A XI5 2 FEEEHO HMD

W) 7 L7 7 uF—Tafb L7z K4 (k) B &
OK27THMD (F)

(B) K4HMD 33 X O K27HMD D H A X454

YA XDKE72EHDIE K2THD DA THh - 7=
b, FaIIRICE 2 N DER LV
& HMD DR & S OBRMZ T LT, & Dk
B K2THMD DA R & H3K2Tme3 D L1 &
IXIEDOABE 2N & 5 —J7 T H3Kdme2 & L~UL &
IFEOHEND D Z E b LMNE o2 (X

2). 4kb LL = K27HMD % large K27HMD. 4kb
LT s D% small K27THMD L EFE L. F1
FNNn~—7 T 58ML 722V T Gene
Ontology fEMTIZ L D ZDOMWE A2 /e =
AL LA O ERCEDABLGFN
Lol b DO, large K27THMD (2134 IR E
IRl 7~ 725, small K27HMD (2 V34 i R FE AL
A 7 P VRZICEDL D BETFRELE
Fh Tz, EBRIZ, large K2THD IZE& £
HEETD DB, K 2/3 NFEABEE THIIED
HEAICx L CIREN 2 &E % F727 key

m H3K27me3

o =
) s 3 o
P o
onama '] i > a0
KT ] s ’ -
) ]

® H3K4me2

Bkb g o
— 203 — @ 0]
) E £ w0l . . .
] -
] A | .-
1.3kd
3 ® ©
4_5"‘9 ‘?‘9 o ?’(9“?)*
RPN 4
N7 o
K27HMD

2. K27THMD O A XLk v 2 k> &AfiOFHEE

() BEx TR REEDKTHD D4 ) LT 5 7 F—FKxR
() WA REFIZI1T 5 H3K2Tme3 & H3K4me2 D L~ L

transcription factor genes T o7,

t bk ES MIEDT — X2 oW T b RIERDOfiF
WEIT-7-& = A, large K2THMD (b kTl
8kb L EFE L7-) 1% small K27THMD XL v & & L
~UL D H3K2Tme3 # & A TRV, B3
LRV IFIENTWNDZ ERHLMNE
o= (®34), L7=A-> T, K27THMD DA
RN & B A1 O PR TR o Fi4E X HE B
PECTHRESRTVWASZ LR RENE (K
3B).

A » H3K27me3 Gene expression
500 PP

3. b MESHEIZETS
K27THMD ¥ R & R HLH

IR AR
l (A) K4HMD, small  and
. s large K27HMD 2 81 5
= H3K27me3 @ L~ v L

15

ChIP readsfxb
RPKM

T ke LN ——
HMD K STl large

(K4 small arge WREFRBL~L, P
- K27HMD K2THMD  wilcoxon test
I e 5
Lage PYTYVY (B)  ZHEMEMMICIS T

| transcription

factor gene Difi|HEF /L

| | % key

developmental genes
(key transcription factors)

Large K27HMD 2 % < & £ U 5 key
transcription factor genes LML D 4{LIZ
B 2B 2 RT3 7=, ZRettiiEick
WTHEBHLTLE ) E A @Yoz s &
B2, LER-> T, 20 DOBMETIX large
K27THMD |2 X = T2 OFRBLS5R[ENZ P <
TWAOMENRD D, —MIZDNA A F ALY
beANAMERIDO TN T XTI EAL
LT W2 &G, large K27THMD (2 & 5 i)



1X. RO DR O 7= D OFRWENH] & . TR
Wb DT ORBLFFEREZ L S 5
FThdEEZOND, HxITEIHIZ, B b
L A X T DNA A FABIREED B 5B in+
WZOWTHEMT 23 b R ESHia TIX K27HMD
KiDV%aéhém%%bEf\%ﬁw%
EHIC BN TIZFRAIZ DNA A F b E TN
SR L el e %%%@%/+7xh§ fip
A7 PICE DB RELEEN
HZENBHLMME ST, TN DEEFD
WREII A D e PTHBLTNSE EEZ
HILAD, B MZBWTIEZEDORBAN LD 7
LR U7 MICHE & D 2 & THEMEZ R
Xy bU—27 OFRKICES L TW5D Al RENE
N5,
ée A, RIEHIY L ESIT
ZEMMIZIIT 5D H3Kdme2 & H3K27me3
@A& VET ) AUA RTHIT LT, O
FiE B H3K27me3 1% K27HMD (235 T ARl o
9 A0-50%FEED L~ LTH Y | JuiRiio X
— UMD —RRICHESL L TWL T BT D
FEEANE SN, Ly L H3K4me2 12BF L T,
—HR D K4HMD TIE 3 TIThImE E R L~ %
AHVNTIEVEWL UL ERLTE— T, 5D
@D KAHMD & K27HMD (2> TIIamsiy & bp
THELLIIBMURALOERE LRI o T
(X 4),

50 kb

BEF

DNA{EAF LA Rl LI

B

H3K4me2 ) ) IR TP TP U .A..u aesadnasl o )/% sone b
RSEM |
l l l Al A.lulJL - h |lﬂ
REREL U
H3K27me3| . 1A
FaREH ‘w i
4. FFEPRH L REEICR T D B A b ABR N Z —
Db
/7“/ LT TP —|Z X % H3K4me2 35 L TN H3K27me3 D kL

. HRAIE H3K4me2 D LU A PR & S ERE T
I’J&V@ﬁﬁﬂz%\ FER PR L QUK AR TSI
BT H3Kdme2e2 DOFREMNMIZIER B2 WEIE AR L
TW5 (JREAFKFIE K2THD)

L7-M3-> T, H3Kdme2 MR D / $H — 2 %
feST 32 ENAEIL, IMD I X > CRESHERD
ZERH LM E IR0, BUEZ OBREDEW
NDEZHINDI A=A LOMAEZ B L
TN A2 HED TV D,
(2) FAITHBIZB T DT 21T 9 12H
720, zicl/zicd L\H, 7 ) A ERIZE T
AK%%%MW%%@%%”“%%@?%
key transcription factor genes (23 H L 7=,
zicl/zicd 1ZMRIRHIZ BT 25kb 12725
large K27HWD (ZAF1E L TV o A3, BRI IS
BT, BHEOFEEMLL TWLERTO -
HMD DFE/NBEE Z > Tz (K 5),
IR 51 % 38 > T fifAT 5> & Z O HMD O/ N TR
{EBIRAIZELDZ ENHLNERY 3B
DOFETIHRLHEFFICTF G T 5 AlaEMEN R
WEn, £/2. FTUARY UoOAIZL

10 kb

Hakame2 *)
5. iR, & - MEAE
DU a~F AELIRGE

DRET o —ORNRE S L

GC;SVT % zjc]/éz'cé! BB

DaZ BRI WX zicl/zicd 1SR EIC
BWTHIEE LW, T DOHE HMD OfE/N
HAELRWZ &, AT e ERIEICB W TLR

BOEZ > TWAEAERT U )LTOH HMD O
MNBEZ o722 &5, HMD OfE/INMZIE
e 2 N AERG (H3K2Tme3) DIHKZED
BEFHEAOEEIENRMLETH D Z L NHR
IR ENT-,

EHIT, ZD K2THMD D/ NS i 72 57
LThOINERALNCT A0, ML W
& D 7 — Z 12D\ CEEM 72 fR AT 217 - 7=
LA, K2THMD OFE/AAE T TWA S DT
LTV RnH oL L TR L LoD
H3K27me3 B L OVE L~ L DEEFRIAE R
TZERHLME oz, Z 0K D AT
large K2THMD IZBWC KV EHECTH VY, 7=
DNA A F /AL D EF/ A Z - T H3K4me2 D
FHET 57 0T — & —@RITE A F Bk
REDHERFS N THR D, PRI K2THMD @ T
IN M Z S TWBZ ERNRENTE, £,
WALEIOHENZ B TIX K27THMD D/ M E
CTWiehrolzZ Enb, Mg/ IEBLOHERE
WCEHST 52 ENmeEInz (K6A),

T4 DNA A F U4k & H3K2Tme3 A3 HEHi9 5
WD ZEERBETLIMENRINTEY,
K27HMD g/ INE. DNA A F LAz & - THH,
DFEIFIIET L= H3K2Tme3 NN A3
5 k%%% REEMHLIREZ EET D%

borLEZBND (K 6B),

A 08
€ 0s —nmn )
% e B KA ()
= 04 |
B 6
§ 02 e AR50 ()
0
-4(’)00 -2600 0 2000 4600
BB AN SOEM (bp)
B H3K27me3
| [
X1 6. HMD Dffi/IMNT X 2B fs T BT v

(A) ERRHEIC RSO, B LA, i L Ok
FHENZ BT HMD OFE/ N3 U7z large K27HMD 128 £
N5 8s 7 O GRASGL BT DR, e
. AR D) DNA A F- kR

(B) HMD i/ MZ & 5 s TR BEDOHMERFE T /L, (large)
K27HMD {3 % BEPEAMAL Tl L ~UL 0 H3K27me3 ﬁsﬁf?‘
B0 (FE), BEFEIC LY H3K2Tme3 MET45 2

T HMD DFE/AINAEE Z V. DNA A FALAS H3K2Tme3 Hﬁ
Pt 5 2 & CHRERME(LIRESHERFF SR D,



EFRIZ zicl/zicd OFEELL, BMRIER ITHIE
I 7 F IS L o THHRICHIE S T
D0, MHEHILIRE ClraMie B AR Ze i~ &
AT HZEBLHLNIR>TEY, IMD @
M DN EHRICO- 2 B O ICEE T
HAHFREMERB S, VT I 7 4 v 2z Hn
7-fEHT Tt | sphere HIIZB1F 5 large K27HMD
DI L, RRARFHET T HMD OfE/ D& T T
HLOWREND oD LD HEL~L
DB FHBZ - LTV =2H, HMD O/
TAEYREZ B CERENBREZTHD Z &
MPIRIE X T2,

Ihoo (1), (2) Ofrrs, FAERM
HiEfsF (8512 key transcription factor
genes) DFEHLL K2THMD O H A X2 L > T
REME A IR 2y & BRARIZ 2 - THEBUZHIE S
TWAZENRHLMNE ST, ZTHETHOT
Y= XT 47 AMRIILDITLE A ERE
i OMEIZIER L& Th o 7end, AWFEIC
Ko TEM KAA OY A X2 XK 5MMENK
RED I & 9 s TR BLHIENIC B D8
Tl A=A L ERETHZENTERRL
Y (W

5. TR ILE
(WFZERFRAE . WFFEr A S ONEEERSE# (1
=Y

UdesSamsr) (BE 1)

Ryohei Nakamura, Tatsuya Tsukahara, Wei Qu,
Kazuki Ichikawa, Takayoshi  Otsuka,
Katsumi Ogoshi, Taro L Saito, Kouji
Matsushima, Sumio  Sugano, Shinichi
Hashimoto, Yutaka  Suzuki, Shinichi
Morishita, and Hiroyuki Takeda, “Large
hypomethylated domain serves as strong
repressive machinery for key
developmental genes in vertebrates” ,
Development, #@tA, in press (SZHEEF)

(FFE] Gt 410

D Ryohei Nakamura, Tatsuya Tsukahara,
Hiroyuki Takeda, “The size of DNA
hypomethylated reflects
repression levels of developmental
genes” , HARGTAWMFEHFES, 2013
123 H~20134 12 6 H, 7 (#f
FEEERY - R— T HRT L, L
1)

domain

@ Tatsuya Tsukahara, “Epigenetic
Regulation of Key Developmental Genes
in the Medaka Genome” , Systems

Biology Across the Pacific: from

Molecules to Ecosystems (UTokyo Forum),
20134E 11 H 6 H~20134F 11 A 7H, ¥
YFTE (BN AIRE FV)

® Ryohei Nakamura, Taro L Saito, Wei Qu,
Jun Yoshimura, Shinichi Morishita,
Yutaka Suzuki, Shinichi Hashimoto,

Tatsuya Tsukahara and Hiroyuki Takeda,

“Antagonistic relationship between
H3K27me3 and DNA methylation in
long—term regulation of developmental
genes” , CDB symposium 2013, 2013 4 3
HA4H~2013423 H 6 A, 7 (B
WEZET AR - AR R AT e v 2 —,
T IR )

@ Ryohei Nakamura, Taro L Saito, Wei Qu,
Jun Yoshimura, Shinichi Morishita,
Yutaka Suzuki, Shinichi Hashimoto,
Tatsuya Tsukahara and Hiroyuki Takeda,

“Antagonistic relationship between
H3K27me3 and DNA methylation in
long—term regulation of developmental
genes” , ARG FAEWFSES, 2012
12 A 11 H~20124E 12 A 14 H, &M

(Rl E RS - ~ U v A v B,
e fif] )

(XF) Gt ofh)

(P £ A PEHE)
ORI G o)
LAY N
FEWE
HERIF
FHAE -

Ha
HFEFEA R -
EPS DR

ORI G o)
SRR

FEEAFE

HERIF

FHAE -

Ha

IEFAH

E N DRI

(£ Dfh)

R B B

6. HFFEHERR

() BFgeEfFRHE

HIR (TSUKAHARA Tatsuya)
WK « KRERBEL R IER - Bh#L
WIE#EFE B - 90586413

(2) WFFE T3



