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ABSTRACT

DNA methylation is involved in tissue-specific gene control and essential for normal embryo development. Octamer-
binding transcription factor 4 (Oct-4) is one of the most important transcription factors for early differentiation. This
study was performed whether the bovine Oct-4 is tissue specific or developmental dependent epigenetic mark, we
investigated transcripts and the methylation status of CpGs of 5'-promoter region of Oct-4 in bovine preimplantation
embryos. Oct-4 transcripts were highly detected in morula and blastocyst, while they were present low levels in sperm
and 2- to 8-cell stage embryos. These results suggest that de novo expression of Oct-4 initiates at morula stage of
embryogenesis. Here we determined that there is a tissue-dependent differentially methylated region (T-DMR) in the
5'-promoter region of Oct-4. The methylation status of the Oct-4 T-DMR was distinctively different in the oocyte from
that in the sperm and adult somatic tissues and changed from zygote to blastocyst stage, suggesting that active
methylation and demethylation occur during preimplantation development. Based on these results, the 5'-promoter
region of Oct-4 gene is target for DNA methylation and the methylation status changes variously during embryonic
development in bovine.
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DNA H€3h= 22X 50|50 7 Z-el #oisla, ZA=HQ ) wee] " olh. POUSFIL octamer-binding
transcription factor 4 (Oct-4)5 encoded}™, 7] #3}o| S35 AARIAO|Th B AFHNA 429 Oct-47} ZZE0|F 0]
I B epigenetic BX| AR E HESLA, A4 A $RBANA Oct-4 AAHHEF} 4F promoter FF ] CpGs
9| we3E ZABIGIT Oct-4 HAMIEL A2 18] AL 2-cellof A 8-cell 7R RS FEOE EA Ao, A u)9}
HREEAN FA HEHAT ol @ Ak o) S B A GANA Oct49] de novo THo| A ZEL v}
Oct-4 "3 promoter F %ol wd3} 7P Y (tissue-dependent differentially methylated region, T-DMR)©] &3
th Oct-4 W3} 7hd oo widst dele AR, A Az Gl A2 2, SPSo 20 WuE gA7t
A wztslged, ol A A 7] vl & Gl active WD 3ts} g st} o du| ). o)) A}, Oct-4
A7t 3F promoter 992 DNA wlgd3le] gllola, 1 wids} Aele & FAS TG Fotd] ddsiA Wakgch

M B Oct-4%= POU family®] d¥oz AFAI thsA(Plu-
ripotency) S ZtL Sl AL, A A £AHE 2 W)
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o] W 5-H 3 (inner cell mass, ICM)olA] So]H oz

Hshe T8 AARIAFotHOkamoto %, 1990; Rosner
‘5, 1990; Scholer & 1990). 7}-%-2=¢]] 4] Oct-4E5 Knock-Out
138 9 WRAZAE A5 Osds o, vy =
2o] Al FrkNichols %, 1998). ©]#] 8t Oct-4:= ES A
3 (embryonic stem cell)oll ] A3}, TS Al E(tropho-
blast stem cell)ol| = D& =] %] 2 3(Tanaka, 1998), Oct-4
AR EH | e Hget wlok A2 solA] ES AZ
7} TS Al ¥ 2 E3} Ho|Ho] Oct-4 F-4AA7} E7] 429
A5/ AAd FadS Hasta 9JtkNiwa £, 2000).
Oct-4 #3 A= GC-rich®} TATA-less®] %2 promoterS
7HA1 3L Q) 2 (Okazawa 5, 1991), 27]9] enhancer % o]
35} (Yoem 5, 1996), TF+9] trans-activatorse} repre-
ssors7} Oct-4 @S sty vtz deid lvkFu-
hrmann &, 1999; Pesce 5, 1999; Barnea %, 2000; Fuhr-
mann %, 2001). "R, Abg, 204 Oct-49] AR TZ,
D7, fFHAte] 94X, 2AGRL =4 BEHY 93,
T el Ve 2 REHY S Ao HET g
UH(Nordhoff &, 2001). 4 orthologue®] 9Jo1A4] Oct-4 T3
4 %2 homologyw AFEel A 90.6%0)31, B}9-2of A
81.7%°] HNordhoff &, 2001). Att7} 4 Oct-4 THHA L
13Y% Wi+ outgrowth?] T A iul olu)d) wjuty
of WFAEZH G} JERHAEAN FAFHVan Eik =,
1999; Kirchhof %5, 2000).

EFFY & A 09 243 AFE 24 1
2] DNA "€3} RS JAsta gle Aol Hae 4
Toll A B KA ALY - A 2] B3}ell DNA wE g}
2% 98& 3ha Avk(Shiota 5, 2002). DNA g gl=
chromatin®] remodeling®l] #33}a1 4419 silencing -
A3 5, epigenetics 2H7)T2AM Fo8h, upg-2 ES
Aot TS AENA Oct-4 2do] I promoter e
DNA #@sHitet ojuje} olyelslo) o3 Ao} wha glo
™(Hattori 5, 2004), 2 9] & f82H50] genome’to)
32 F9 53] promoter ¥F-9] cytosine©] wEs}oj
o8] W2 A A dEe] JAlEE Ao deAx
ATHBird -5, 1999; Ko &, 2005). /e s} Helo] 4L =
A1 Fel BAIGL]l FAR BR A9XE AR
FEZ FABAL AESo)F el FHz wHy FEe] xS
7FE8HA shat Qe Aoz AztbE 31, genome DNA2] o
g3l W AL Alofi= fHAL Bl 2" )7 HA)
el AA A Ak

& Oct-49] 2 A X Solx e 24 w7y Zo| of
7M1 A glA) 9471el, £ AP A= DNA Wi}
Oct4 8 249 WIAUSE £t gl=A B33 5
71 AAste, ANERF, A Aoz, A, Jdal, 2t
A FATANA Oct-4 E@E RT-PCRo 2Jsbe] 213}9]
2, Oct-4 %7 promoter 9% 2] DNA ®€ 3} 8-S bi-
sulfite sequencing®]l &J3}e] ZA}8lITh w3 A Afo}
A3 wj Rl 5-aza AC(HE 3} 2] A AN Trichostatin A
(FotE s AAANE X Oct4 HE §% AHE 43
SF3AT.
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Aoy, FXt, dMZE9 FH|

AR T2 FEE AAS )88, AAFAD A
APRe g i 2k BER A B3 49 da
)4 10 ml A7)0 18G FAFAS o] gate] XA 26
mm ¥ 2 RE A AHE HA QA )
A FFA L7} X LeA Bz g Axde] A Ayt

= ARste] Aedsdd FAESIT AL 2L A9l
Foll AMEE NS Hxo] BV} glE 3 SigmarkSt.
Louis, Mo, USA) AlFS AMHEITh Ao Ad el Aled
WAL 10% FBS (Gibco-BRL, Grand Island, NY, USA)
7F EH¥ TCM-199(Gibco-BRL)? 10 1 g/ml FSH-P(Fo-
llitropin-V), 1 pg/ml estiradiol-17beta “18] 3 10 ng/ml
EGFE H718o] AHE3IQIth Asidal= 4-well dish(Nun,
Denmark)E AH&3ll mineral oile] 5% 500 pl A< A
=8 gl 30~50709) HAFE " A 3lod, 39°C, 5% CO,
Z79) wjdrioA 20417 Bt AR EE A s
A 15782 0.6% BSA, 2 ug/ml Heparin, 4% PHE(0.372
mg/ml penicillamine, 0.11 mg/ml hypotaurine, 0.018
mg/ml epinephrine)”} 3f-d F8& WY (Fertiliza-
tion-TALP)S AH8-3}S{Th. Mineral oilo] =¥% 100 pl 5
g oAl TAEE AAA B As5E vAl 2070
He A%, 2} 24T 110744 9] GAE A7 F 5% CO,
39T wieFol 2447 wjeksllch FA#HLS FFAEE
2HA8] AAT £ 03% BSA7} §H7-F CR2aa vkl 50 nl
a4 F1070% do] 3UzF wlgEa, 1 % 5% FBS7H
e 50 pl Aol $71 - ohA] 53¢ s st wjukz
9 A 72 GAE 9 PBSE 43 o] AH I 3¢
s}3ith. Genomic DNA F%9l| MII oocytet= 5071, 2-cell
1007H, 4-cell 307N, 8-cell 157N, “3-4dull 2071, blastocyst 10
Ne 35 AHE AZEX —80Tol BasITh. wdk 27
] e hAPH RT-PCRO) 21819 Oct-4 2& z}o] £4]&
AR A B AT 747} 570 Fu)Ehe] ARE H7hA]
—80Cl B3I o]9ofl A= FAA NS o] 8319
a1, 24708 F FARHE AFE 34 ARE A7A] -80T
o] B3It

RT-PCR O 9J2t Oct-4 UH F4

DEPC A 2€ 5 ul PBS <ol =34 2ot $4 o)
100 pl TRIzol(Invitrogen) ©]-8 RNA 2] & ethanol %
7 Aol carrier®M 2 ng9 glycogeno] H7HE A} %3]
S 27F RNA £3F TRIzol ©-& 2331t cDNA §4
& SuperScript II 1% strand $4 7] E & (Invitrogen) ©]&
srof A zsp3ley. 7h2te] Aol A PCR %2 1 nl9 o
DNAZ 58 22 r-Taq polymerase(Toyobo) 1€ 20 ul vo-
lume & 2 3 &It} Oct-49] 2d S Forward primer®
5'- ATCCTCGGACCTGGATAGGC-3'E reverse primer=.
5- TCTATCAGCAAACCGACTTG3'E ©]-&3}of, PCR
T 212 95Tl A 187} pre-denaturation W3- 5, 94
CollA] 30%, annealing &%+ 56 Coll A 30%, 72°CollA 1
#3353 WkEAF L, 72TolA 1083 FE AFAA
WS TR 2T R B-acting AHEEH I For-
ward primerZ 5-CAGATCATGTTCGAGACCTT-3'E re-
verse primer® 5-GAAGGTAGITTCGTGAATGC-3'E 9]
S35k

Bisulfite Sequencing0l| 2|8 DNA HIE3} a4
9’1 Genomic DNA F% -2 Ko(2005)8] 4o #3}9



Bovine Oct-4 Promoter

T8, Sodium Bisulfite Genomic SequencingS
Clark(1994) %ol whe} =888} tt. 71eF3) Bisulfite Ge-
nomic Sequencing 35 A5 EcoRT 2% 2k 2 g
2] genomic DNA7} 0.33M NaOHel 4] 37Tl A 158 &=
<t denatureAl 11, pH 5] 2M 9] Sodium metabisulfite}
0.5mMe} hydroquinone 52 55T o4 12417 W& 2
wate] WH-EAZAT Bisulfite 2% A1E-2 Wizard DNA
Clean-Up system(Promega, Madison, WI)& ]85} A
AlSFAH. Bisulfite 4]2]%¥) DNAE AmpliTag Gold(App-
lied Biosystems)& ©]-8-3t4d Oct-4 AA} WA 425 pro-
moter YHEE FHLE JAG 23 oF 1,072bpE THS
¢] primer set& o]-8-3}o] F-ZA| 2T} Forward primer 1-&
5-GGTAAGGAAATTTGATGTATGGGAT-3'°] 31 reverse
primer 1 5-CCTCAATTCTTAACAAACTCCTTAC-3']
AL, Forward primer 2+= 5-TTGGTTTTAGGTGTTAGGGC-
TGTTTG-3'9] 1L reverse primer 2 5-AAAATCAAAAA-
CAAAATATCCCACC-3'0|t}. PCR SZ2712 941l A]
10427 pre-denaturation ¥H3 ¥, 94°C oA} 30%, anneal-
ing 53 56 Coll A 30%, 72°CllA 1827F 438 ubg-A17
L, 72CoA 1023F AGAA SH0eS FREAT &
%¥ PCR AHE2 2% agarose gel A7) E5}0] ZZ of 2L
Z ) ¥ S5 PCR 29| 471192 pGEM T-easy
Vector System(Promega, USA)& ©]8-3}o] PCR A28 &
=443 ¥, Bigdye terminator$} ABI 377 AF54 7)1 49 &
7A(PE Applied Biosystems, U.S.A)E o]-&-8le] 917]
MdE sk A 9711 9e BLASTE o] &3}]
’$5732 243t313L, DNA Sequence Navigator(PE App-
lied Biosystems, USA) program< Ah&dke] #-2415193c}.

7 FOIM Z(Ear Fibroblast Cel)® 5-aza dC2t TSA
FE]

AT EE 2209 40] 7 WA 22 HHe Ea)o
A=A, o] AR EE 10% FBS7} 3-89 DMEM
oA Falgitt 5A%F Wi F AEE 0.05% trypsin 2]
I Ccat Mg2+, free PBSE M| & &le] Fn|slit) 349
Al 3= 10% FBS7}F &8 DMEMO 4] vl oksle] 438 A%
A F FA5E 310 S8 £ 13 A3 Ago}
AEE o]83to] 5aza dC(DNA methylation inhibitor,
Sigma) 2|2}, 5-Aza-dC 1 1M, 5Aza-dC 5 pM, 12
2L Trichostatin A(TSA; inhibitor of histone deacetylase 1,
Sigma) 200nM, 5-Aza-dC 5 pM+TSA 200 nM, 5-Aza-dC
5 uM+TSA 400 nM %% 23 DMEM 1) % (Invi-
trogen)oll A 347wk 3 ool 4] 7148+ A3} 7Ho] RNA
% % RT-PCRZ Oct-4 238 52 AAs1ot)

2 1

ZI| Hf LI Oct-4 UHE YATA

A2} v A e 8 A 54 B 2-cello) A Balujuly
7HA AR A 2] ) L @) A g m A2
A3 AfrobA Eol A Oct-4 28 0] RT-PCR| <84 %
AT 1 RS Wea A 5] migg B e
=& o83t 3k EAHT Oct-49) 2al-S A xlo]

ool DNA g3} 35

Fig. 1. Expression of Oct-4 during early development. Expressions
of Oct-4 were analyzed by RT-PCR. The predicted sizes of the PCR
products are 475bp (Oct-4) and 270bp (B-actin).

A mekstA v el BE FEo s wdEY 1
A 574 F 2-cell, 4-cell, 8-cellolA] wf-$- ))&} A 2tad
& AR, A A JASA 7 5 siE kA
T TEoE FAHNCKFg 1) Lev AAE A
3 Afroba ol E EE A Forh 53] AduigAle)
A Oct-47} w438 AatA Ha == AL &4 | 54
2] compaction®] FHEH= o] A7)A de novodtA 2
& AlApetaL gith
Oct-4 4F Promoter Y HIE3} TEH TAL
DNA "gsl7t 29] Oct-4 34 @& 2ds=x=
HESLAL, Oct-4 promoterZ 3= AANAR 35
4le] vlg s} siE S Bisulfite sequencing®oll ¢Jste] =
ARk A dHE A Oct-4 promoters 374 &&=
AAF THAIE 2EF 99 —1,072 bp W 1970¢] CpG site(1~
19k CpG7h th L9} 9l3= CpG Island 3 %<
exonl Y5 FH}(:27bp) 278 CpG site(21 ~22H)olth =
AbR AL A7, TRERE bRl AR WA @ 9 Zpap
A ] CpG Island 9 %¢] exon 1&(20~21) 2F &
w23t HAHFig. 2). DA A AF G wEE) o
©& A, 7ol M= 5709) CpGs(15~19)% A 9)8}aL 1o
A} CpGsi= atH e s} slo} ek BAAE 5 AR A9
= 99 TollA 10, 11, 13 CpGE A9l 5 AwE
3} Hglo, MR A= 15% CpGE A9l A
RbH o2 ndst S Bl o8 A3 Oct4 A
promoter g ol W@t 7} < %(tissue-dependent di-
fferentially methylated region: T-DMR)o] &A1&}, Oct-4
& T-DMRel B4 w58 & a2lm A Az upe}
ME t2a, dudA 9EAde oudi

ThEog A4 A dauAE A HA Oct-4 A F
T-DMR®] WE s} ¥stEs AL tHFig. 3). 2-cell 4 &
A CpGs wldshs AA; WAt 2olE Holxd),
CpGs 1137 15~19 &S Aol b3 dvdsls 2
ol WA= wEst Hlth o] Aibe AR Al 129
14 CpGs®] site FolA< de novo MBS, WA AE 16
~19 CpGsel &H|E3}7} cleavage™ & 2-cell 50]%¢] o
g3} dde] =4 Fo FAHAYSS gmdit} tgo
4-cello| A= CpGs 16~199l1 4 ThA] de novodtAl &3}
AL, 8-celll A= 12 wE3} RS §A390 0 Fn)
A Oct-4 ARl ThA] LE 3= Aalu) g ol 4
CpGs 10, 17~199] Eejeds} S, wiwkz @A oM &,
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Fig. 2. Methylation status of CpGs in the promoter region of Oct-4
in adult somatic tissues and germ cells. Methylation status of each
CpG in the 5-regions of Oct-4 analyzed by means of sodium bi-
sulfite genomic sequencing method, are shown. Open and closed
circles indicate unmethylated and methylated cytosine residues,
respectively. 18 CpGs in the 5'-regions of Oct-4 are numbered, 1-21,
and divided into two groups (I and II).
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Fig. 3. Methylahon status of CpGs in the promoter region of Oct-4
in preimplantation embryos. Methylation status of each CpG in the
5'-regions of Oct-4 analyzed by means of sodium bisulfite genomic
sequencing method, are shown. Open and closed circles indicate
unmethylated and methylated cytosine residues, respectively. 18
CpGs in the 5-regions of Oct-4 are numbered, 1-21, and divided
into two groups (1 and II).
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Fig. 4. Reactivation of Oct-4gene in Oct-4-negative cells. The expre-
ssion profile of Oct-4 mRNA in 5-aza dC and TSA-treated bovine
fibroblast cells. MII-oocyte were used as a positive control for
Oct-4 expression. The expression of Oct-4 mRNA and B-actin were
determined by RT-PCR in bovine fibroblast cells cultured for 72h
under with 5-aza dC(1 or 5uM) or TSA(200nM or 400nM).

27}t 14~19% CpGEZHA| S7H Y. °1& 679
CpG=< &3] @vids) H3l=H|, o] AL wad Wit

£ 2 750 $UF WL AL 27 1S ould

=g ]74‘35: 2 7 gty Fol Oct4 "LE T-DMR$] H|
g3} 3812 stage-specific DNA Uﬂ%ﬁ}gl %‘Q?} ki =g
e AT

Epigenetic &Ef0l P& OjXl= N2AAMZ|0| O/F Oct-4
UHRE MY

Oct-47} H@3tA] F= AHE AfrelHEE ol&
DNA #g3} A4 5-aza dC T —61*5 golyds} o
AA TSA X2l &3 Oct-4 WW@A 2TH =8 5
gto] Oct-4 L& o] DNA #1€3} ¥ chromatin remodehng
off oate] o] WA S Fel ohx} AAEHITh é:lfé <]
7} 5-aza dC B TSA A& Au g Al@To A%
BH e G| dThFig 4). ol A= @M%
Oct-42] L o] 1 A7 FHo dEs). opyesl 9
of o2 24 dAUS A3l Alo] B S-S Akt
At

oo

B ARE 23 " 27] v 2 380l A Oct4 28]
1 4% T-DMRS] DNA Uﬂ%ﬁ}ou oA Ao WA 2
/\]-0}4_7(]— /\U\] ].o:‘i\;} 7@/\1-131—%1— ]—oﬂ A Oct-4 ul—a—qoﬂ Eu}
3l o 73%150] ou—_;ﬂ RT- PCROH _,]zs]. Oct-4 23 2}
1}9} Wb A A WSk, 2 H 27wl g
o A 25 &3}l (van Eijk %, 1999; Kirchhof 5 5, 2000),
RT-PCR#% in situ hybridization®l] 2]& Ax}ol| M= v|4A
gl A w] ok} A8 compaction©] Yojuhe Al
AR E T AAREE] EA8HA] g M(Kurosaka 5
2004), ®= th2 A= vipkse A o] mgg @Rt 20
] o]Atelglar B kil UTH(Vigneault 5, 2004). ¥ A+
of A A% o5 Bud W& fAe AE HIlE
4, 527 3 2-cell, 4-cell, 8-celloll A wll-¢- 3|n]|a}A] FH =
aL, MA@l B aF i el F43] 7

A EEHUT o5 A ved B dAME ohF



Bovine Oct-4 Promoter % 9¢] DNA wlg3} 37

Group

% methylation
%

Pz

# WP P Yﬂyf

Fig. 5. Schematic representation of the expression of Oct-4 and
change in methylation status of Oct-4 T-DMR. RNA expressions of
Oct-4 are summarized above the graph that indicate average
percentage of methylated CpGs in group II of Oct-4 T-DMR in the
indicated cells/stages. + Weakly present, ++ medium present, ++
strongly present.

g T2 mRNASC] 4 ¥ 24 A 4802 o3y
o, AAks 7] SRS G @%
A3} o] (Aoki 5, 1997; 2003) +4
HH Oct4 HAMIEO] 4 F o] s] 31, AHalnf ThAof A
de novostHAl LHPE AAlsta ok

Fig. 5914 Oct-4 2@ 3} T-DMRS] WEl3} #3ls A7)
stk T-DMRE 53] 15109 999 CpGsolA Oct-4
7F S48 G A, wintzel Adgsl Fee
B0 Oct47} vkl LHEE 2-cell, 4-cell, 8-cell
NME 2-cells AYEn 1WE3} HE= A wAr}
(Fig. 5). 12122 2} A cleavage W24 Z Oct-49)
AAEELE 22 35 promoter FH 9] T1H 119 CpGE o
DNA g€l 3l 2|3 epigenetic A|2=El¢]] o)) 54 o
Aof W= A ek o] M) Bare A nkgas 27 ubetaly
% Oct-4 promoter "E3} Aef7} ZALE 9} 21 (Marikawa
s 2005; Kim 3 2007), 71 W23} 52 Auty o= 49
uRto g W1 cleavage WREHAE wiulY(1.6%)71A] &
A8 0.2 74345 31(Yamazaki 5, 2006), =3+ ES 9 TS
AEE o83t Oct-4 FA7te] A5F Fo 2] vz} 4wy
£ H43 A Oct-4 23 o] W s}o] o) HLEo)
Ao Alo] ¥ Y4-& T8 tHHatori 5, 2004).
A A, 2elME o vds) fal) vt e 2
d 27 Wl FA A, ceavage BAE 2 2o
2} F28HA Aststodth AfolAE o] § 5-aza dC E
= TSA Aol g Oct-4 AR B H RS E3519
71 o] DNA wE3}l 9 chromatin remodeling®]
of Ao} WE=AE ) AR Oct4 LHL FE5A &
o, o1ZE 24 Oct-49) AL ZH o] epigenetic ]
3t A AL AAE A5 Ago] 2T A
T 3L, ol W o] Fr FEElojof & Hog A
ZhE T

FAEEolA AEe thejuldt epigenetic modifi-
cation& VH§-Zof M A & 4A 7 ool A4 A F e
A 54 g gdd szt @ dhckSantos 5, 2002; Oswald,
2000). °l¥3 FAS grgsl= vhex 9o rat, =7
(Dean 5, 2001), A& (Fulka 5, 2004; Dean 5, 2001)5] A]

~
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o

1ok {30, o

e
K

~

G} Lol A= F-EAQ of7re]
Beaujean 5, 2004; Dean & 2001). 2 & o] A
Z7] i it A Fot vlE 3} sjelS Oct-4
d doos A7tE= T-DMRY 1§19 CpGE
| A1 A Aol A 28% W4=7d Thofl Al 84%0] 11, 44 3 2-cell
M= 52%2] S-S RoAFE=d(Fig. 5), vl¢d® 59
oA B Ao 93t AEEA] A Szl A
A HHoA B WEs S71E4S Hol o]He] AnE
A Ho|= paternale] BHE 3} W EgtE]o] 9] &
=tk o]AH 7 o] <] genome-widedHA ME S BAlst=
BHYA Aol 9 bisulfite-sequencing W& A
sHAl AlEde) BRG] vEs delg 2ALg ) o}
B4 AR g9 Ho} 48e fEs gus 98 5
th o] F 4-cell i} 8-cellol Al 86% HIE3} F7F &, AFA
] 54.3% wiuFE oA 40% HE 3 FAE Bo] tho]y
HElste] WglE Holal Qlo] AliEEe]Z9] wes} 3
o] Al7]ell &A1t} o= Oct-4 T-DMRS] DNA H€
FHE 2 A w2 Bl 54 stagedl ] 5§
g3l sieS zha Walel, o]y 2E WEE de nowo
WElslol FE 2 evdsle] o) Yojdt) & 4 9t}
PPt oz =4 ¥ genome-widedr EHE 3} dato)
ofiti=t, o212 DNA EA9} AlXEde w2 §x] wlg
3} 7ol o3t 1oz g A gloj(Rougier 5, 1998), £
Age] At olletl =4 & I/-5E 2] o 2 7
82 o] 3t epigenetic modification?] & %5 XX
shal e A 2o

A2 o7 W Ao Oct4e T4 & 27 b 2a
7oA DNA dEsle] Epzleln, £3] 4olA Oct-4
T-DMR®] #dsh= 44 & wiikLztx] opekslA) wsksh
< HojFul
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