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ABSTRACT

In the present study, we identified differentially methylated region (DMR) upstream of Dnmtlo and Dnmtls gene
in early porcine embryos. Porcine Dnmtlo had at least one DMR which was located between —530 bp to —30 bp up-
stream from transcription start site of the Dnmtlo gene. DNA methylation analyses of Dnmtlo revealed the DMR to
be hypomethylated in oocytes, whereas it was highly methylated in sperm. Moreover, the DMR upstream of Dnmtlo
was gradually hypermethylated from oocytes to two cells and dramatically changed in the methylation pattern from
four cells to BL stages in an in vivo. In an IVF, the methylation status in the DMR upstream of Dnmtlo was hyper-
methylated from one cell to eight cells, but demethylated at the Morula and BL stages, indicating that the DNA methy-
lation pattern in the Dnmtlo upstream ultimately changed from stage to stage before the implantation. Next, to eluci-
date whether DNA methylation status of Dnmt1s upstream is stage-by-stage changed in during porcine early develop-
ment, we analyzed the dynamics of the DNA methylation status of the Dnmtls locus in germ cell, or one cell to BL
cells. The Dnmt1s upstream was highly methylated in one and eight cells, while less methylated in two, four, morula,
and BL cells. Taken together, our data demonstrated that DNA methylation and demethylation events in upstream
of Dnmtlo/Dnmtls during early porcine embryos dramatically occurred, and this change may contribute to the main-
tenance of genomewide DNA methylation in early embryonic development.
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DNA #l€3}= chromatin®] remodelingoll ¥]3}3
A7k silencing - 3H43t 5, FAA 2V FEA Fa
sty TAFO H8 e Tk 249 Alxs 7
7} 3i4re] DNA =93t Hels PAdsiar ol AT
-AlEe] E3tell DNA wlEsi7} Fad oes 3ha 9tk
(Shiota 5, 2002). DNA "93}+ cytosine¥ guanine©]
AgE v, 5-CG3' HlY(CpG)E 2 cytosine®] DNA
HElsl o] aADNA methyltransferase; Dnmt)ol] 2
A o]FolXitt. EHEEoA DNA WHEHd aAES
Dnmtl, Dnmt2, Dnmt3a, Dnmt3b, Dnmt3l& 5712 A

Ho] qlar, MEEE A WEsle] §A, & wesh A4t
Helg 75e 2t gloew, o]E Dnmt family ¥4}

| &3] 7}HA genome DNAMS] wEslE
A3t 9JtkBestor, 2000; Chen and Li, 2004). 53|
Dnmt12 AAEoNA Z5A TAsta, AZEA &< 3
W fAsi, A Wdske] §x71e S ZEa 9
ok mk2ol A Dnmtle] Knockout 7§ X-chromosome
inactivation, Zr1frAte] AZbet E4AIZIH, B 2
Z AxF 7l v Abge] o] ErHLi &, 1992). Dnmtl-
ul§-2~2] AL exonl? TFEO| ujgl GEAE Eolzxo
%2 W43 Dnmtlo, Pachytene”] AEAME EFolH<l
Dnmtlp, 718]i AA|Zol| A FE A Heol= Dnmtls®] 3
Z579 iso-form®] &g THMertineit 5, 1998). Dnmtlp
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EABHA] kot Dnmtlo?] 495 WAl A3 244 A
TAY IY T 1 HEEm, 1 o) Exjeke
Dnmtls®] 190 kD}t} N-terminal 1187} o}v]=2to]
£ 175 kD9 ¥AFo® AN Mertineit 5, 1998).
F 2ol whpiint ofe} 1] £ @A Dnmtlo A
ARE I g o] FAE ] 131 A9} YEo] AA
¥ 2 HJeong %, 2009).

E d7e AR, R olue} lecelloll A wlidbEA}
Ao} z7) ¥ RANA Dnmtl {4 iso-form?l
Dnmtlo$} Dnmtls @3-S 2Z3= w€s) 7 oo
% F74 %+ DMR(differentially methylated region) %<
©] DNA "lgs} #38} A4S bisulfite sequencing 2
pyosequencing {02 FAE I 2 W 27) wf @
2 Foll DNA w€ste] 8.3 71%5¢ 3= Dnmtlo%t
Dnmtls®] ¥¥E 2dshs ol f1x AF d99
DNA =¥} HelE 3)45k3]c)

Mz S Y

A, G Y AeFHe 84

o %717} gl & B A A" Aok Sig-
maArhSt. Louis, Mo, USA) Al E-S AHE3IS 1, A3 A
8 50 9 AXe FYEFAHEY FEEAR
3)(Suwon, Korea)?] %18 93tk = FA= 54 ¢
sl A=wols HAE o] &3, M WAl =54
oA EE A9 whholA GEIIE fFHste] A9
AEAIA Agel FAE R Aol wgde 01
%(wfv) polyvinyl alcohol(PVA), 3.05 mM D-glucose,
091 mM sodium pyruvate, 0.57 mM cysteine, 3857,
5% CO, 2719 MY7lelx] 4017t Bt ALfAdsS A
AlBITE RS2 IVE ool 38 A2 %, o
35~40 A7} 50 ul drop 2 &AZCE A4 ARg
H g2 113 mM NaCl, 3 mM KCl, 7.5 mM CaCl,
* 2H,O, 5 mM sodium pyruvate, 11 mM glucose, 20
mM Tris, 2 mM caffeine, 2% BSA FAA® A E )
FRL B4 A FNE 23] washing F 5%107/ml
EEZ A FAEATE A" WAlE 05 mle) #iY
A4 385, 5% CO, F719] vjd7|oll A 40417 F<t
AepiFsiaich. 2GAE FHTL 33 o) PBSE
o]-¢ washing & 353131tk Genomic DNA FZo]
MII A= 2007, 2-cell 10074, 4-cell 5078, 8-cell 2571,
e 2070, Wb 10708 3 ARE A7ER] —80TC )
HEssivt

Table 1. Primer sequence of Dnmtlo and Dnmtls for bisulfite PCR

HUsHe9 3

ek dAE AR J4E A8k 7~11719 5
dedoln HUES olE, FAAIE slo] I3
th. HCG FAF % 24~36A17 o) AFAFSHAIH L, 5 <
< 0YE 3o} FPEFNREI 223N =F5EUTH
2719 g4 F PBSE ol d#E #Hd 1€ F
1-cell, 29 3 2-cell, 3Y F 4-cell, 4~5Y) HA 8- cell,
AAWE 3]st mintEe] I4E AAER 69 F
= HCG FAF Tk 5 ok 1207171 16841700 =% §
AN E 3461t PBSE o) & AbF Bt A
2 30% ol 37C2] 0.1%(w/v) PVAE #7138 Tyrode's
lactate-HEPESZ ©]-&3}o] A& Genomic DNA +& #
7HA] —80Col| HASISATE

Bisulfite Sequencing0l 2/& DNA HE3} si4]

%24 Genomic DNA F%2 Ko 5(2005)2] Wid &+
&t F&3}3131, sodium bisulfite genomic sequencing
& Clark 5(1994)¢] ol w2} =Jsigiet. 74eF3) bi-
sulfite genomic sequencing 4% 43I EcoRl A&l
@ 9k 2 ugel genomic DNA7} 0.33 M NaOH® A 37C
oA 15% F<t denatureAlH 3, pH 52 2 M2} sodium
metabisulfite®} 0.5 mM2] hydroquinone =2 55Tel
A 12212 9 abdste] ke AIZIH. Bisulfite A21d A
Z-> Wizard DNA clean-Up system(Promega, Madison,
WIS o]&3led AASSIth Bisulfite *@]¥ DNAT
AmpliTaq Gold(Applied Biosystems)& ©]-8-3}{ H19 W]
g3l 7pH 49S 19 primer set2 ©]83t] FFA|
Ath PCR & FU& 94CoAA 10827 pre-denatura-
tion ¥H8 F, %4 CollA] 30%, annealing &%= 56 CollA]
302, 72°ColA 1323k 438] WHAIRAL, 72°CAA 1027
AFAA FE 9SS FRIAPY $FE PR AES
2% agarose gel A7| 4T3 FFH A5g AT F F
#% PCR &9 7] A ¥ pGEM T-easy vector sys-
tem(Promega, USA)S ©]-88t] PCR AHES EEYS
%, Bigdye terminator®} ABI 377 A5 @7] Ad 4
FA|(PE Applied Biosystems, U.S.A)E ©]&3tq 47|
AEs ZAeitt 249 97] HEL BLASTE °|&6t
o] 484E& 7483, DNA Sequence Navigator(PE
Applied Biosystems, USA) program$ AR8-3fe] 43}
o3

Pyrosequencing0] 2|8 DNA 023} a4

Bisulfite *12]¥ genomic DNAY 3 1¢ Dnmtlo,
Dnmils -+ G52 SFa7] $181] Pyrosequencing Ass-
ay Design Software (Biotage AB, Uppsala, Sweden)E
0]-83lo] PCR primer®} sequencing primerE A5
t}. o]uf sequencing primer?} HH A1 strand®] PCR

Gene Primer sequence (5-3) Size (bp)
DPomtio F: 5-TATTGAGTAGGGITAGGAATTGA-3 610
m R: 5-CCTACCCTAACCATTAAATCAAAAA-3
Dnumtls F: 5-AGGTAAGGTTTTTAGTAAATAGAA-Y 244

R: 5-ACAAACAACCCTAACTTIT-3
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Table 2. Primers for pyrosequencing analysis of the bovine Dnmtlo and Dnmtls gene
Region PCR primers Length Sequencing primers CpG #
Dnmtlo 645 5-ATTAGATTTAAATTATGT-3 89,10,11
F: 5 -TTTATTGAGTAGGGTTAGGAATTGA-3 5-AAAAATGTTGATTTGGG-3 56,7
R: 5-TCCTCACCACAATAAACAAAAAT-3 5-GGATGTTGTTCGTATGTAGT-3 34
5'-GGAATGTGGGGATGTT-3 1,2
Dnmtls F. 5-AGGTAAGGTTTTTAGTAAATAGAA-3 244 5-AAGTTTGGATTAGTTTATTT-3 11~24
R: 5-ACAAACAACCCTAACTTTT-3 5-GTATAATTAGTTTITATTGAG-3 1~10
primere 5l biotin® 2 modifydte]l #4841, PCR HIREE7EA] 2 27 HH *?:}% wA o] 4ol A Dn-
%712 Bisulfite sequencing PCR 7\744 2t} Strepta- mtls exonl-& E3Hdh= ~229 bp WH”V]/] 244
o

vidin sepharose HP bead(Amersham Biosciences AB,
Uppsala, Sweden)E& ©|&% PCR AFE9] AHAl= Va-
cuum Prep Workstations ©]8-8to] 183131t} Primer
] annealing ¥ 500 ng<] single strand DNA 23} i
2 (Sigma, St Louis, MO)©| sequencing W& Z&Eo]
7} AT} Sequencings Ala-E Wl =35ke] SNP rea-
gent kit (Pyrosequencing, Uppsala, Sweden)¢} 3| PSQ
96MA system FH|E o]-8-sto] B35} Datad] H-4
< el Al FH softwere?] allele A& algorithm= 0]
gl EAEI

4

1}

27| o 4 5 Dnmtlo &4F FO DNA HES 3
2] A2 A ES] ]4?4 WAL 18 A 2 1-cellol| A

P 2 2] ) e 9] kel
Dnmtlo & =3 oég QAL 7H}\]3§ ‘&5 =30 bpellA
—675 bptl 645 bp Fol Exlsk= 1109 CpG sited]

tHate] pyrosequencing Hell 9zto] WattiAld wgls)
o] ¥glEs FAFSIITh Dnmtlo FF A AA 42
63.82% 3 HE3} 59131, MII stage UrXH 79 4091
%z A ves}t Fo }A%EP(:L‘“J 1. 93 2 AF DR
of 9a slgd AFAHE] 4 F3 & 1cell°ﬂ*1”
63. 18% He sl Bt 01&4% Tl w2} Dnmtlo 4+
F 99 G site7} FEH < & g 2 Algelest
dodg ofrlsia ok o) % 2ceuo1m 75%% 1. WE
312 AtdE sl 4-cellol A 51.91%E & WEE}, 8-cell
ANA 71.91% Al wds}, AHaul, winkLol= 7027,
4427%=2 A %} Uﬂaﬁ‘r FM 7he Ee R ols
A= 27) 6 gl 29 1A 0]]/\1 et stage HE

o Al

FAT EE FEAR 29 vds) 9 g wEar doj
UrJ_ %\E“E ofugie}. A <4 gte] o‘l‘oﬂ Ao
9 stage R AUFFSE w]5d o “ﬂg@r«]
HELE Yolal ATE 53] ik e] A9 A e
44.27% H|ske] 61.55%%2 i1 WE3} Fge Bl A
/\xqoﬂ LﬂrE o]quo z;ﬂ- tﬂ HHO oH }_/Kc-)]oﬂ LE}E} uﬂ
3} gjEdo] @epRaL 9\)\’%3 «lul skar dck

7| Hf 42 5 Domtls &5 FHO DNA HES HE|
A AWM EQ AL, W}, aelal £ 1-cellol A

bpell EA5k= 247H4 CpG site WO}‘# pyrosequenc-
ingHoll efato] F7] et %ﬁ]‘ﬁ Hgste] WakE A}
aholeh. CpG site?} o X35k CpG Island %3 ¢<]
Dnmtls 4% ole g7} kAl A 22t 441%5} 2.08
hel A AL e MR, +4 F Leello] 4 1720
%i HEste] F7FHRA O, 2-, d-cellZFA] 2FFE] A
olF, 8-cellll A A 7k F, A4, Wk 01]7‘1 5\—0}
%k Dnmtls 7 9492 4 :i‘— z7] i 2 stage
‘i‘i wgste] WakE BHjon oz A wds}

£0.2 Dnmilo A4 @ole) Ak I3 A
Jﬂr% g 1w ]4’:7} iy

Bisulfite Sequencing 20| {3t ALY - A2 IOl A

DNA HE3t 24
ZEAL A =

Aol A F-2]= pyrosequencing Holl ejste] At H %
7] 8 4 EAE Dnmtlo®} Domtls 73 Oéoﬂ/] DNA
|93} sies 2A3ITh Pyrosequencingol 2
774 gle] PCR /\}54 231421 sequencing O 2 Ao
7hd golshl 7 AEL A7 S ZloE xgﬂ;
o Xﬂlﬂ A efrrg e Rk of iﬂ/‘ﬂf?_‘ﬂ B o} Ad-f-obA 32
(PFF)ell thdle] bisulfite sequencing *Hell €3t Dn-
mtlo ‘HF Fe] DNA #EsE ALHs3ieh S
oﬂoﬂo Dnmtlo ulaﬂ 1%4 oﬂoﬂo XW\VH/\PG }6]._%'_ 30
bpoﬂ*i —640 bptl 610 bp 3 Oﬂoﬂ F=Aek= 8749l CpG
siteE BT A AT A9 AT Rty
70.45%¢] Hlste] 55.62%2] A wEa} w2, AAES]
el frolHEZ e 87.50%2] 1 WEs) HEle Bylth
& 2). °o|& A3+ pyrosequencing Hell 9J5) 413 DNA
st Ak A EiREE 44.27% vs. 5562% Ao} ek
S 6155% vs. 7045%) oFzke] Aol welAul 1 A
W v AaE bl

p=)

LR

=

A

B2 AL vEs) 7hH JDMR)E A, 1
MR#«] DNA UﬂE‘@r ZENYES 25014 YIE
olHo R FHxES] W& K Shiota 5, 2002).
B =2 exonldl wpEbA g ol dxl 9 2R
ghofl A 3= Dnmtlo?} pachytene spermatocytedt] 4]
A Boldor wdsH: Dnmtlp 185l AM|Eel|A &
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#&= Dnmtls WARMES 2= Dnmt1e] 23S Ao
&= A Dnmtlo? Dnmtls 7<) #E3} el e py-
rosequencing H ¥} bisulfite sequencing Holl 2jsle] &
AT vhe2ol A E 1998 del 7] u) g Ao
Dnmtlo®] &3 AX ] Y31+ 28 FHHUYL(Mer-
tineit 5, 1998), A=Al Uoix= Htol 7] A 8
< JA A Dnmtlod] @3} AE W X7} =AY
ThJeong 5, 2009).

A A z7apdd 3L F24% & wdsle) o3
genome-wide DNA ™€3} reprogramming®] dojih=
A 7101 thReik 5, 2001; Ko 5, 2005). u}9-2of| = 423
T 4AZE ool AN FA3 & wdslr) wa
&THSantos 5, 2002; Oswald, 2000). |23+ F43 &
mddl= w2 9ol rat, HlA|(Dean 5, 2001), A%
(Fulka %5, 2004; Dean 5, 2001)°l1 4] K.o|x, WY} Ao
Me FEAQ ofte] & wiEs} d4o] B9tk (Beaujean
%, 2004 Dean 5 2001). ¥ Ao A+ A z7] )
ek A e e dES Dnmilo 2 2d 99
© 2 A7rE= DMRAIA AR 63.82%, A4 40.91
%)L, T8 T l-celllA 63.18%2] WEI}E HAFE
tlFig. 1), 'dAF Sl B FA ogt ¥ EA I}
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Fig. 1. CpG methylation patterns of porcine Dnmtlo and Dnmtls
5-region in the sperm, oocyte and early embryos produced in
vivo or IVF. Methylation status of Dnmtlo and Dnmtls 5'-region
analyzed by means of pyrosequencing method. Percent methyla-
tion of Dnmtlo (A) and Dnmtls (B) 5'-region is the proportion of
methylated CpG sites relative to the whole CpG.
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Fig. 2. Methylation patterns of Dnmtlo 5-region in blastocyst
produced in vivo or IVF. Methylation status of each CpG in the
5-regions of Dnmtlo analyzed by means of sodium bisulfite ge-
nomic sequencing method, are shown. Blank and filled circles in-
dicate unmethylated and methylated CpGs, respectively.
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51.91% w23} 7+ &, 8-cells} AHaAujolA oF 70%, Hl
WO A 44.27% W3 A4S Bo) o3 vds}
o] HslE Hola o] AEEo|XQd WEsl sgoe] o
A7) EAE. o]5 Ads vhex 7] )] e 11
°] Dnmtlo %&7 DNA #@sgle] tho]uju]3l 18 38}o) A
9} Zo|(Ko F, 2005), A Dnmtlo DMRY] DNA o€
sk 2 A a) 2g 5ol AndEsle A ¢
Hgslo] 3] gojdtia & 4 itk oJRE ol A
stageol X =53 wE3} RS zta wglsie, duby
o2 4 ¥ genome-widedt & HE3} d4o] Ao}
+H), o]22 DNA EAl9 AZED] e §x Hds}
Rz 93 Ao dHA JIlRougier &, 1998), °|E
Ade B Ay At oyt £ ¥ LHEE 2
7] B &g #GL tho]uu] gt epigenetic modification®]
A8k dE A Ak
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o] whe-29} o] I HEH glom, DNA Wdsg &
2% Dnmtl 82} A7 AEEste] wet tho|uyg]
3 WsE Zha S-S RISk HR|eA = oA

o



Hx] Er)5A el Dnmtlos): Dnmtls A5 219le] DNA W93} wE} 285

gstel UF epigenetic A77F B3 AR, %
|&4Q1 A7t FalEolol & Zlom Aztdr)

lge

[qk

. Beaujean N, Taylor JE, McGarry M, Gardner JO,
Wilmut |, Loi P, Ptak G, Galli C, Lazzari G, Bird
A, Young LE, Meehan, RR {2004): The effect of in-
terspecific oocytes on demethylation of sperm DNA.
Proc Natl Acad Sci USA 101:7636-7640.

. Bestor TH (2000): The DNA methyltransferases of
mammals. Hum Mol Genet 9:2395-2402,

. Chen T, Li E (2004): Structure and function of eu-
karyotic DNA methyltransferases. Curr Top Dev Biol
60:55-89.

. Clark §J, Harrison J, Paul CL, Frommer M (1994): Hi-
gh sensitivity mapping of methylated cytosines. Nu-
dleic Acids Res 22:2990-2997.

. Dean W, Santos F, Stojkovic M, Zakhartchenko V,
Walter J, Wolf E, Reik W (2001): Conservation of me-
thylation reprogramming in mammalian develop-
ment: aberrant reprogramming in cloned embryos.
Proc Natl Acad Sci USA 98:13734-13738.

. Fulka H, Mrazek M, Tepla O, Fulka Jjr (2004): DNA
methylation pattern in human zygotes and develop-
ing embryos. Reproduction 128:703-708.

. Jeong YS, Dh KB, Park JS, Kim JS, Kang YK (2009):
Cytoplasmic localization of oocyte-specific variant of

10.

11.

12.

13.

14.

porcine DNA methyltransferase-1 during early deve-
lopment. Dev Dyna 238:1666-1673.

. Ko YG, Nishino K, Hattori N, Arai Y, Tanaka S, Sh-

iota K (2005): Stage-by-stage change in DNA me-
thylation status of Dnmtl locus during mouse early
development. | Biol Chem 280:9627-9634.

. Li E, Bestor TH, Jaenisch R (1992): Targeted muta-

tion of the DNA methyltransferase gene results in em-
bryonic lethality. Cell 69:915-26.
Mertineit C, Yoder JA, Taketo T, Laird DW, Trasler
JM, Bestor TH (1998): Sex-specific exons control DNA
methyltransferase in mammalian germ cells. Deve-
lopment 125:889-897.
Reik W, Dean W, Walter ] (2001). Epigenetic repro-
gramming in mammalian development. Science 293:
1089-1093.
Rougier N, Bourchis D, Gomes DM, Niveleau A,
Plachot M, Paldi A, Viegas-Pequignot E (1998): Ch-
romosome methylation patterns during mammalian
preimplantation development. Genes Dev 12:2108-
2113.
Santos F, Hendrich B, Reik W, Dean W (2002): Dy-
namic reprogramming of DNA methylation in the
early mouse embryo. Dev Biol 241:172-82.
Shiota K, Kogo Y, Ohgane ], Imamura T, Urano A,
Nishino K, Tanaka S, Hattori N (2002): Epigenetic
marks by DNA methylation specific to stem, germ
and somatic cells in mice. Genes Cells 7:961-969.
(BrUAL 2011, 8. 18 / AHEL AL 2011. 8, 25)



