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WOV TIE, ML RREMEZ IS 57D, ZBERIKEARIME LI T LFoT ey / L
DFHRMNY 2y bEND, TOHETE., Bz rOIEHIENCE S % DNA R A 2D XF)U LN T
72 FIUUBEIN X A F 2w JICEET BT ENHIEN TS, ZHE, Bin oG ICE I % DNA
DA FIULEHZ, BEZE N T DNA IS X > THID RN, ZDH%HFT. DNA X F)LERIE ISR (DNA
methyltransferases, DNMTs) 2MEj< C &I &k D K& DB FOEEHIENTTHNS, LA R ViZHBW
TlZ. histone methyltransferase (HMT) IC & % A F )Lk, histone acetyltransferase (HAT) k57 &
F IR EOBEiN T < F U REOZ b2 F i S8, iImGOEMED 2 WIFHHICREb > Twa, DLED
KO TEIEFOFRBUL, DNAE X N EHOHEOHE MFIC K> THIEEN TV EEAB5N%, L
7o TANHIRTIEEC % DNA KU e A b VOIS ZT N5 DEMIOROREIZMS & T LY
IT 4wV TaTT IV T OGS THNZRS RS 2 LN TES, E5I. ThEDHAEZ
iPS MR FEE R DO L LA EOUEHEICICH S8 % T & T HAERVAEE D HAO MM EN
%o T TARTIE. MILBEOYIHRIC BV TRAEICHEZ B FOIREHIEICE S L TWa DNA KT
LA R Y DRAF VLB DOV TEIRTS %,
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ZREINCIE, BT 73 F RO FAMER T 5 T & T, DNA b X b OfLAEf, 7 a<F /%
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REEAL ) TS S IV 7EN%, B, COTEY 1274w 2) 70753V OBRRCHENT, 7
J LA AF UL L SUHME R % DNA i A F UL EMUE N B BIS N C 5 T & AV — 75 S ©
hrHrELILNTVS D,

MR O ZREIN T, RS, BT LI T4/ LDNA I, BiXF UL E N, FAEICRERR T
DIEEMEELE NS @, C OYMIIKTE S 2 DNA O X F)UkICiE. BEUKTFET DNA i A F U1k &
TET3 €17 DNA it A FIUEAMFAE Ly MEHERT S 7 LI A F )AL LAV ORI IEFRED R BN B
(K 1), ST, TH5D DNA BiA FIULD RN ) THREICOWT, BRI IIZEER, BE4 AR
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TEARYONKEHDRX 7 LAY =L B2 U7 2 /RS (B A 2T A)V) IS8T 2 AF)VE
7L FIVEO N2 LT, 7 axF GRS 5 VIR % C & T BIR T OEREIETE IS
MHEICEES L TWS, 2D A VEMIZDOWTORENZRINZEIEZMPE N TOERVWEDNSE,
lysine methyltransferases (KMT) W& 59 % U 22/ & protein arginine methyltransferases (PRMTs) 7
HEHTBTNVFZ Y DAFIVLERIZIL B E N T &R @y 2o OREERIE N Kb S8A T,
EDMBIAFAEST BV IV RUOTIVFZ 22 AF)L L., 70xF VGO R 7o (3 EHE 25 | 9,
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BiriEn s,

AFETIE. B Ak fEfi& DNA O X FIULDRENTHERZ YT, YIHHRICEH T % DNA KT A~ >D
AFIVLERRCBI T 2R ZMEN T2 L L Ric, FROTEY 227 1 v 7l L IS 2 0580
HEPEC DWW TEHT %o

< S ) L
< LA
o

gametes Fertilization Zygote 2-cell 4-cell 8-cell Morula Blastocyst

O 0000 e o

X1 FHARCEBT S AFIELN)ILDZ b
HEMES ) INTlE, ARG EZIC 5mC A TET3 1S X D 5hmC I E N5 T & T, AFIIEL LB
ZLU KRS % TETIRKGFERII A F Uk 5 (), —75. MY/ LTld, DNA HHIic e
£, 5mC WA RIVITIRA I 2 EEUKAFIIIE X F U EE T 2 ORE),

DNAAFJLIEL AL




2. IR TIEC % DNA X F)UEICDWVT

DNA D AF UG, 7/ LOBEERFIET 5 5TV 237 14 v 7 EHiO—DTHY V. v by
DHEZRIRD 5 & HDRRIC X FH)VEZ TN E B % ) Z 72 £5D DNA methyltransferases (DNMTs) 12 & D
RIzENBTENHIENT VS, 1ZEAEDDNA XF)IULIE CpG X7 LAF RTERT b, il 55
W~ —2 L LTHHEEN D XPOEOREFRT /) LA YTV VT4 27, LIRS VAR Y
DN EETHB &0,

ZAERIOR T LD/ LTiE. BT DNA B X F)UEE N, B rREMIFIEN TS, DR,
K07/ LTk, ST SAFVEREE B>Twa P (K1), 2Rk, MR 50 DNA &
XA FIUEE N, IEH G EICHEIRB IR T OIENEH L E NS, EIRATIRIC I 5 INEH OfENE
J INTlE, DNA A F UL DOHEFFICAE & T b Dnmtl OGN RZ L, DNA EHIC X - T, HRMIC
5-AF )V k> (5-methyl cytosine, 5mC) D LU EAD U T < EEUKLE DNA i X F )L L hviEd
T%, THUCHLT, HEMEY/ LTiE, 1 HIFZHORIC, ten-eleven translocation (TET) 77 I —& Y
N7 O TET3 2 5mC 2t L. 5-8 FuF2 XF )b k2> (5-hydroxymethyl cytosine. 5hmC) I
54 % T & T 5mC O LV 2 2R R &% TETS #1711 DNA X F )L 5 ©, #ivkdiizic
BlF% PGC7 (STELLA, DPPA3 & & FEINS) & TET3 I K BB (L SMENES /) L7Z2ifld % 2 & VA
SIS TV @ BEORZIc & 0. | MBI O 7/ LSBT, 2NN TETS (KA7 1
I DNA i A F)UEANET % T MBS TR o 72 QO I0, ZIRHED Ter3 %/ v 7 7 b+ LI GIIED
FEATAE RN 5, TET3 & 2 MR Tl C 218155/ L oDTEMEAL (zygotic gene activation, ZGA) °#5IR
NIRDFAEICH B LRV ST Ao T (D,

TET 77 U —Z N7 HIZE 51 5himC 2L E . 5- KV )by R (5-formylcytosine., 5fC).
5-71)VRF )L kv (5-carboxylcytosine, 5caC) ICZEH & & % & 2> 92, LA L, 5hmC,
5fC. 5caC W EDEX I BB TAFIUIELENTVAERVY MY VICBEEMZ 5NZDNIRHTH > 7=, BA
JEAE GRS 350 % Bl X F UL BERS TUd. activation-induced deaminase (AID) } U apolipoprotein B
editing enzyme catalytic polypeptides (APOBEC) D7 X /###EHY, 5mC Z2F X > (thymine, T) 2%
#19 HEEZF DT &0, 5hmC Z 5-& Frd XF)L 7 5L (5-hydroxymethyl uracil, 5hmU) 1222
g ZREZ2Hf . 51, T, 5hmU, 5fC, 5caCiZ, TDG., SMUG1, MBD4 DXk 5 7%7 V) av5—+¥
D& X ZIFIEEICEE 59 % base excision repair (BER) F&# & 72 13 EULAIFI DNA i X F)Ukic &
D, AFMEESNTOEVITTOY b Y VICEEMADNS T EMHEMTE> TS 9, BIEORIZET,
Tdg %z /v 770 b LIe D AGIEOBIZEC K O . FIHIRCES C % i X F U LR Cld TDG Z 02 & ¥
9. DNA #HEICKAF LA FUNIC 5hmC 2 DFE{tY7Z X FIULENTOERNY b VICESHMADBNS T
ERHENTE T MO, chbDT b, B/ LTBEWT & EEURIEN DNA i X F LA
CHTEARBEENT NS,

3. ER MYAFIULIEERIC K D& FFIRH{E

L X kB, TaxF UG (A—ruxFY) HEINE, BHE NTrraxFy) TED
C L THERIETORMNGIEICEG L TWa, LA EMICBT S AT DY, 7IVFZ2, BEXF
VVDESRT I/ BRIETRC D, ZTOHT, VIV ETLFEZUDRAFIULREL BIEEA TV @,
AF)VEAE 4R & U T S-adenosyl-L-methionine (SAM F7zi& AdoMet) Z{EHT 2BED 7V —T1E, Y
VURIBED e-7 2 HITAFIVEE T Bl X 2D 19, 2D —TD—DL LT, LI HF
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ENTWVW5SSET F XA (Su(var) 3-9. enhancer of Zeste, Tritorax) ZZIY 32 X F )V HEEHE IR
(Iysine methyltaransferases: KMT) 73 % 97 ([X12), T D SET R A A1 > % 787 BT 1& SUV39,
SET1. SET2. EZ. RIZ. SMYD., SUV4-20 D 7 DD 7 7 2 J —IZMA. SET7/9 & SET8 (PRSET7) »
MENTWS Y7, FRlOmENAL AR H3K4 (EA MY H3DON KNS 4HHDY V), K9,
K27, K36, E AR H4K20 2 EDaA7 L A L DY DV UEE R A F)VLT % T & TIEEHIEN 1%
bnp W, filzid., AF)LE N7 H3K4 & K36 F1— 2 o~ F UREIC, X F UL E iz H3KI.
K27, HAK20 3NTFH 7 0vF URESICZNW T LML E>TWVS 19,

VYVERNE. £/ V0 PUXFIUEENBZDICH U, 7IVFZ 5L £/ IAFIUELNEL,
MATTIVFZ 2 DI AFIURITIEIESFRE D A F)U L (asymmetrical dimethylarginine, ADMA) & %}
FrMEY A F UL (symmetrical dimethylarginine, SDMA) O 2 DO/ Z— U MEET % @O, 7)uF=
DAF I, TIVF Y AF)IVEIEREEZE PRMTs A5 LTHED, 2O7 72U —Icid, ADMA I
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9) ILHFIENSB @, PRMT2, 10, 112DV T, FRERHZEAL L HFEE N TR @,
7. PRMT7 &, 2= v b33V D02V AFIEET. €/ AF)IULIRIFICEHEGT % Type [TICE
THENTWS (X2), RU7NVFZ Uiz Z—7y M LIeP AF)UETE, ADMA & SDMA DjEL
KD BE NS, HlZIE, Type IO PRMT1 & Type I @ PRMT5 (&[] U H4R3 (B A > H4 DN K
NS 3W/WHD T IVF =) 2TV AF)LT 28& 2Fi 5. PRMTL (ZIE0FRNIC (H4R3me2a). PRMTS
AR (H4R3me2s) ¥ XA F )L EH %, H4R3me2a l&\ > < DA dD Estrogen Receptor (ER) il il
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VI VBERIKESET RAA 2 ZFB KMT 77 R U—DE< 2 &ic kD, £/, Y. PUAFIUEE
nd (LB, —/. 7IVFZUEELEPRMT 77 U —ICK D E /., IAFIVEENS (TBD,
Type I PRMT (& IERIFRE D X F)URIC GRESHD) . Type IT PRMT 3 5FRE Y X F U RICZNZN
VAFILT B@E 2D (FHEAAD, KMT., PRMT & Z N Zh, A F)VEAE 5 (A SAM %
S-adenosyl-L-homocysteine (SAH % 7zl& AdoHey) ICZEH#iL, A F)NEEFEEE 5,



ETFOEEEEES—2 & LTl < A, HAR3me2s 13 & DOhDEIE T OEHH~— 2 £ LTl @@,
CDEITLARYDRAF)UIEZ. DNA DA FILD K 5 I n ORI O & 721 T% <. 55
W EREL RAEMBERICBES L TWA L E R %,

4. FJHREICHITDER b EMDEIE

G~ — 2 & UTi < H3K27 @~ U AF)U(kiE, DNA D XA F)Ufbe & Eic, X FEfkoRiE{kic
532 EMHALNCE->TED P2, WFLEOWIMIIEC 51 2 BN O S ) LTIRHEICHABNS
ICEBDb BT, T LTREL A5hay @,

PRMT5 1 & % H4R3 N U H2AR3 (H4/H2AR3) DX F )Lk, dizE5HHICE 59 % e Ak VEMiTH
B < ZGIIED SRS 2380 > LRI £ TRV LNVOE E s hTtws B2, o
5L, ZHEROMOBIETIEEICES LTV EEZ SN TWS, £z, HA/H2AR3 D A F )Lk,
JERIEO ) T a s S 2 T TAHALNENWT D, T T4 v 7 )T as5 Iy T NOBEMR
BENTND @,

WAL DO YIRIC 35013 % 4 HITI TR, 4 fIRATERRE N2 BEOEIERD /M R CIHFICRFE L. FEAED
A EMEBRISEVWDE LS T EMBHEMICR D T DR, H3R26 O X F)LLA 4 HINEHIETE B O H|
BRO AT R ONEFOEWIC K D, AFIEL ULl b, B A N T7IVFZ UHEIED A F )V
(LA E S & MEREICBET % C L AVRBE N TS @Y,

PR TR C % & A b EHiE X FIUELINC EFET . BIAIR. FFEROM. © X b IciE S
ZABNTWBTIVFZ V) FOMRRINVEATHAMETOT 02 I, 2% <, BEHskOK
AF UL DET L F UL X b VicEE iz 5h 5 @, Zok, BEHI5N5 LA N0 H4KS &
K12 D7 L F U biE, HEMERTRZICR D AT NBBICREETH S EEZ BN TWVS @, ¥5ic, o7
RIVERAMrOBEEEAIE, WS LIS T BAREFN DNA X F U EDE ST L a5 @),

ES fifiic 5T, 5~ —2 TH 35 A b2 H3K9 DE/ N TV AF )Lt (H3K9mel/2) HEE
FFEE Tl DNMT IC & D X F UL E N7z DNA 10D 5mC I MECP2 D & 5 7 A F UL CpG & &2 > 7837
HARE L. B rREMIHIE N, RO, 535~ —27TH s A 2 H3K4 D LU XF )Lk
(H3K4me3) HVEEME T, TET A 5mC % 5hmC ICg{b X ¥ % & ¢, MECP2 3#sEET&E9. HH
WMEMIEE NS @0, LA L, 55~ —2 TH % H3K4me3 L5~ — 2 TH % H3K27Tme3 D
SEAEE T, 5hmC & TET 133V 7Ly ¥ —#EHEKTH % SIN3A 2/ LT, Ein PRI 5
LT3 @P, TETIC &% 5mC DkRZ:i3 £ 7=, Polycomb repressive complex 2 (PRC2) DV 7 )L— 7%
fEEL. AFIUEEN TV CpG ITHEAT % C Llc & igERIHEhs @7,

CDOXHIT, A VEHE DNA DX F)U LB &EfE Licm ¥y = 27 ¢ v Z I X 0 9IHFRAe
RS BG L TWWa,

5. f& @

AR Tl FIIIETIEC %5 DNA &t X b 2D X F)IUBIEHIC K 58 5 FFBHEE. RRelEERIC
GV T I IV IOERERZD, EREFEICBOTEETHS I LZR LT, TDODNADRAFIV
Lot A F VEMEZNTNHITRI 20 TIR7AELS, ZNEPEEICHIET S C LI X BT OFRH
MHIEENTWS, EHIC, B A M VMK, e 727U Vg, 28FF A EZ2HD
BEINMFAEL, TNHDOLEA M VEMOWIHREICB IS 22T 0w 70T T I3V TADEE
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WFIRRN S TH B, Fiz. TET3 KAFZ DNA A FIULEIC DN T &, RAIIRHEINDDH DM, K72
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DNA D X F )UL DRI DN T DN ETSS TH A 5
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& 2B BRI O RN 72 7 TR DI & huE, 2 0EBEZ FED iPS MR O EE RO E0, 47
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DNA and histone methylation in early development
Tomomasa Tsukaguchi®, Kohtaro Morita? Kei Miyamoto® and Kazuya Matsumoto 2

In mammalian early embryo, epigenome information of sperm and oocytes is reset to acquire the
developmental totipotency. This phenomenon is accompanied by the dynamic changes in DNA and histone
modifications. DNA methylation involved in transcriptional repression is removed by the enzymes or DNA
replication after fertilization. The genome is remethylated by DNA methyltransferases (DNMTs) and the
specific set of genes is transcriptionally repressed. Histone modifications such as methylation by histone
methyltransferases (HMTs) and acetylation by histone acetyltransferases (HATs) also induce changes in
chromatin structure and are involved in transcriptional regulation. Therefore, gene expression regulation
seems to be achieved by the combination of DNA and histone modifications. Consequently, understanding
mechanisms and roles of DNA and histone modifications can be a clue to understand detailed mechanism
of epigenetic reprogramming. Moreover, the basic knowledge about epigenetic reprogramming to improve
iPS cell conversion and induction of differentiation would contribute to the fields of regenerative medicine
and innovative drug development. Here, we will review DNA and histone methylation related to

transcriptional regulation of genes necessary for development in mammalian early embryo.

Keywords: early embryo, DNA methylation, histone modification, gene expression regulation, epigenetic

reprogramming.
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