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ABSTRACT

DNA methyltransferase 1 (Dnmt1) gene contains three different isoform transcripts, Dnmtls, Dnmtlo, and Dnmtlp,
are produced by alternative usage of multiple first exons. Dnmtlo is specific to oocytes and preimplantation embryos,
whereas Dnmtls is expressed in somatic cells. Here we determined that porcine Dnmtlo gene had differentially me-
thylated regions (DMRs) in 5-flanking region, while those were not found in the Dnmtls promoter region. The
methylation patterns of the porcine Dnmtlo/Dnmtls DMRs were investigated using bisulfite sequencing and pyrose-
quencing analysis through all preimplantation stages from one cell to blastocyst stage in in vivo or somatic cell nuclear
transfer (SCNT). The Dnmtlo DMRs contained 8 CpG sites, which located in —640 bp to —30 bp upstream region from
transcription start site of the Dnmtlo gene. The methylation status of 5 CpGs within the Dnmtlo DMRs were distinc-
tively different at each stage from one-cell to blastocyst stage in the in vivo or SCNT, respectively. 55.62% methylation
degree of the Dnmtlo DMRs in the in vivo was increased up to 84.38% in the SCNT embryo, moreover, de novo me-
thylation and demethylation occurred during development of porcine embryos from the one-cell stage to the blas-
tocyst stage. However, the DNA methylation states at CpG sites in the Dnmtls promoter regions were hypomethy-
lated, and dramatically not changed through one-cell to blastocyst stage in the in vivo or SCNT embryos. In the present
study, we demonstrated that the DMRs in the promoter region of the porcine Dnmtlo was well conserved, con-
tributing to establishment and maintenance of genome-wide patterns of DNA methylation in early embryonic deve-

lopment.
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IHEZA WE % DNA WEst §45S Dnmtl,
Dnmt2, Dnmt3a, Dnmt3b, Dnmt3lZ 5712 FA 5 o] 9
3, AEEE F ddste] 74, & Hds), Aatdst
71%6% Zta glo, o5 Dnmt family #A7}F B335

Hzal 7FAA genome DNAS] wWElsts A8kl 9l
TH(Bestor, 2000; Chen and Li, 2004). 53|, Dnmt1- |
Ao A Z6A ddsta AXEA <k AW H X1,
A HEste] §A7)5E ZEal 9o, whg-2ofA
Dnmt12] Knockout 7-$- X-chromosome inactivation, 2+
QAfr7zre] Alzheh E3A171H, w) g 5 JAIST ol
Hj Al o] 2THLi %, 1992). Dnmtle mh$-2~9] 7
- exonl®] ol wEl GEAE SolHo R W sh=
Dnmtlo, Pachytene”] ARAXZ 50|42l Dnmtlp, 18]
a1 AMENA ZHA HolE Dnmtls®] 3FF9] iso-
formo] EA|gHTH(Mertineit 5, 1998). Dnmtlp®] “dAME
B2 ARAEAA Y E2AH| T il E=X) 51
2oL}, Dnmtlo9] 49-& IAEAAT 23 A & &
< g oL s, 7w e] xS Dnmtls©]
190 kDX.t} N-terminal 1187 opv|=2ko] &2 175 kD
o] Bxjgko 7 & ¥ th(Mertineit 5, 1998). &Ll mh-$-
28k olye}l #X] AT A Dnmtlo AARMEZ ©
Aol FAEo] TR EA} 7]5 0] AAEATH]Jeong
=, 2009).

2 AT BAR 2 AT Tcellol A viREE7}
o] 7] O A GEAE Soldor Wyl
Dnmtlo®} AME 5o]4<%] Dnmtls H&-S 43k v
g3l 7Pg g o s F4%+= DMR(differentially methy-
lated region) @] DNA wWEs} WS bisulfite
sequencing %! pyrosequencing ‘WO E A5 EAE}

At
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Al 342 Heolds
Aol 717 gle 3 B Adol AR Aok Sig-

maAkSt. Louis, Mo, USA) Al AFE3F3aL, Agol A}
5 &5 e 2 A HSsAEd sEEA9d

3](Suwon, Korea)?] <& AUt A= EF57FA
wZ5 7o) WUaoA 10 ml FA]0] 18G FAFHS
o] g3te] A 3~6 mm WFEZHE AFsATh ANFHE
Waks AAAvEstel A G Al E7F A D EA] F-2HE A
Aol A7t Avks sl Al d sl A8kl
th Aol ARG YA 0.1% (w/v) polyvinyl
alcohol(PVA), 3.05 mM D-glucose, 0.91 mM sodium
pyruvate, 0.57 mM cysteine, 385C, 5% CO, Zx1°] ¥l
G710 40A13F St A G ST

Donor Cell® ZH|

8] o)xe] ALgH AMEE AL Aselo]x wH
o] Aol AAZ2 dHo=HE AHHNAL, 15% (v/v)

ol

FBS$} 75 ug/ml antibiotics”} 3%l DMEM (Gibo-BRL,
Grand Island, NY, USA)2 2 wl|3I3it) Al L= 3~43]
Al - 10% dimethylsulfoxide”} ¥ DMEMO]|
TARE F gl golAER & o)A ARSIt

HAE SHT Yit

Aad dAbE 487 01% (wiv) PVASE 0.1% (w/v)
hyaluronidase”} Z3Hel PBSellA] vortexing®ll ©]af FH]
Ak AMx7E Fdsta Al 15A7F Eele JdAs A
Wsto] Al 15219 e AEAe ofF 13 Ax FUst
o] A 2 A5Ed F7] SAAE AASE YHoE &
< AlE3FRITE BE micromanipulation 242 3 mg/ml
BSA and 5 ug/ml cytochalasin B7} 3% TCM-199¢
A A FAFES 39Tl A 154 E<t 10 ug/mle]
Hoechst333429] @410 2 A& o] 31w} A 3 o
A2 donor cell®] 3] ©]27}4] 3 mg/ml BSA7} 3
¥l TCM-199914 AA = ATk 7] A58 Ssto] #34]
A AEZEFE fs Holy A= 01 mM MgSO,,
1.0 mM CaCl, 05 mM Hepes”} %3 03 M mannitol
LM} 37 fusion chamber®] 02 mm &7 ¢}olo] A
=(ZF4 1 mm) Ate]ellA] BTX Electro Cell Manipulator
2001 (BTX, San Diago, CA, USA) ©]-& 2DC #H 1.2
kV/em= 30 pn/sec ot F=3te] §AFL g%
A5 69 59 PZM-3oA vl Y= ATt Genomic DNA
FE8 U WA EA TS PBSE 43] ol AF &
3]57312th. Genomic DNA FZol MII WA= 2007,
2-cell 1007V, 4-cell 507Y, 8-cell 257}, AHAul) 207), wiwk
Z 10705 35 AR A7HA] —80Toll Batatqint.
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A=golx AUES o8, HujdAgE
t}. HCG A} 3 24~36A17k0l AFAF5A]
< 042 3t FYFAHEYY EF5GANA B39l
271 3¢ & PBSE o€ WS RS 14 F
T-cell, 2 ¥ 2-cell, 3% % 4-cell, 4~5%Uol ZA 8-cell,
A 34tk wiukE o] 3|5 AT 6 B
= HCG FAF Sl = oF 1207171 168213l =5 5
A7) 358l PBSS o] & Abg #Hdle] &
< 30% el 37C2] 0.1%(w/v) PVAE 713k Tyrode’s
lactate-HEPESE ©|8-3}¢] A% Genomic DNA F= #
7M1 =80Tl R3St

3t 7~1171€Y

Bisulfite Sequencing®| 2|5 DNA M3} a4
91 Genomic DNA F% Ko 5(2005)2] Wgel &+
ste] F%3F313L, sodium bisulfite genomic sequencing
< Clark 5(1994)¢] el whet =3atqirt. 1hefs] bi-
sulfite genomic sequencing 8-S A 3H EcoRl A&
% °F 2 nug®l genomic DNA7} 0.33 M NaOHoll4] 37°C
o 15% &<t denatureAZ3L, pH 59 2M9] sodium
metabisulfite®} 0.5 mM<] hydroquinone ¥ %= 55Tl
A 12213 Ble Apdste] RbGAI Rl Bisulfite A 2]% A
£+ Wizard DNA clean-Up system(Promega, Madison,
WIS ol&3ate] A8ttt Bisulfite #2]¥ DNA:
AmpliTaq Gold(Applied Biosystems)< ©]-83to] H19 |
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Table 1. Primer sequence of Dnmtlo and Dnmtls for bisulfite PCR

Gene Primer sequence (5'-3') Size (bp)
Dnmtl F: 5-TATTGAGTAGGGTTAGGAATTGA-3 610
mtio R: 5-CCTACCCTAACCATTAAATCAAAAA-3
Dnmtls F: 5-AGGTAAGGTTTTTAGTAAATAGAA-3 244
R: 5-ACAAACAACCCTAACTTTT-3

g3} 7PAY S 3 19 primer sets ©]-83t] FEHAIZ
th PCR 5% 2712 94TolA 1047t pre-denaturation
WS ¥, 94TolA 30%, annealing >3 56 ColA] 30
x, 72ColM 13t 433] kA1 RaL, 727ColA 1027F
ANIANA TEF s TSI S5 PCR AHE2
2% agarose gel 17|53t TF AH-E 2RI ¥, &
Z¥ PCR 2H=9] §17] A €92 pGEM T-easy vector sys-
tem(Promega, USA)S ©|-&3lo] PCR AHes =43
¥, Bigdye terminator®} ABI 377 A5 7] A E 4]
“2|(PE Applied Biosystems, US.A)E ©]-&3dto] 947]
Ade AAskgith A4E 7] AL BLASTE ©|-8-3f
o] 5S AAEF I, DNA Sequence Navigator(PE
Applied Biosystems, USA) program% Apgslo] A E)
et

Pyrosequencing®] 2|5t DNA ME 3} o4

Bisulfite #]2]%l genomic DNA+= 3% 1] Dnmtlo, Dnmt-
1s 7 995 533H7] flste] Pyrosequencing Assay
Design Software (Biotage AB, Uppsala, Sweden)& ©]-&
sto] PCR primer®} sequencing primers A AI3I31T}. o]
o} sequencing primer} %FEA Q] strand¢] PCR primer
2 59 biotin®.= modifyste] $/d3Fal, PCR 712
Bisulfite sequencing PCR 713} T}, Streptavidin se-
pharose HP bead(Amersham Biosciences AB, Uppsala,
Sweden)E ©|&3% PCR AHze] AAIE= Vacuum Prep
Workstations ©]-8-3F0] Z18)3}IT}. Primere] annealing
¥ 500 ng?| single strand DNAZ$ @4 (Sigma, St
Louis, MO)©] sequencing W& Z3H=o 718X th Se-
quencing> Al&-¥ WHol| £k SNP reagent kit (Py-
rosequencing, Uppsala, Sweden)¢} &7 PSQ 96MA sys-
tem “FHIE o] &sto] EASSIT Data®] 42 gH]e]
Al EE softwere®| allele F% algorithm= ©|-&3lo] i
A3tk
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HAHE SHZH £7] ) Y= S Domtlo 4F FH9 DNA
HEst Hal

A AAE BA FAT 1-cello A viRkE7}A] ZHAk
A Z7] v @ 99 Dnmtlo Haxzgdgoz gzt
5= AAIAIA 25 30 bpollAl 675 bpull 645 bp 3
Aol EAek= 11709 CpG siteoll thate] pyrosequenc-
ingHoll ©Jato] cleavage stage™d WA A] GAISHA
Hegste] WstE Z2AMISITHFig. 1A). w41 23, Dn-
mtlo A7 949E AME ZAZ 1-cello| A 51.1%, 2-cell
ol A 63.1%, 4-cellol A 63.18%, 8-cellol A 67.3%% 1-cell
ol A 8-cell7hA] w2 WEst F7F AeS Hela, A
Hjo A= 51.2% & WEst ¥, sivbro A= 69%E
A WEsle] S7MEE AS B ol Aye #
A A BAE dg g ol A Algfudstel & wEs}l 1
23l Azk AteE syl dojue tholue gl Wies)e
o] wisyp dojds ofwjgie) 1E]ar AT
cleavage stage®ll A= 2-cello| A 75%= i1 Wl st= 214
HEs7} 4celld A 51.91%2 & wWEsl 8cell oA
71.91% Al WE s}, 23, siRkze) A= 70.27, 44.27%
2 AR & Wds) Hoprkes ddS Ho] 27] b i
AZEA 3golr] i stage 2 FA3 T BRI
Aest 2 oe figds)l wshr) dojujar glom, HA
o] e} e Ausgday o2 Wes) dEs
A=

HAME SH2H X7 B 4E S Domtls 47 FH9 DNA
MEst =t

Dnmtlsi= Dnmtlo®ll Bl3te] ti-ie] AA| o)A 2
A 38l= Housekeeping gene®]T}. CpG site?} th #2338}
+ CpG Island %% Dnmtls exonls &35l A7
229 bp W$17HA] 9] 244 bpell EA5k= 24712] CpG site

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' 8,9, 10, 11
F: 5-TTTATTGAGTAGGGTTAGGAATTGA-3' 5-AAAAATGTTGATITGGGY 567
R: 5-TCCTCACCACAATAAACAAAAAT-3' 5 GOATGTTCTTGCTATGTAGT.S 3 4
5-GGAATGTGGGGATGTT-3 1,2
Dnmtls 244 5-AAGTTTGGATTAGTTTATTT-3 11~24

F: 5-AGGTAAGGTTTTTAGTAAATAGAA-3
R: 5-ACAAACAACCCTAACTTTT-3

5-GTATAATTAGTTTTATTGAG-3 1~10
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Fig. 1. CpG methylation patterns of porcine Dnmtlo and Dnmtls
5’-region in the early embryos produced in vivo or SCNT. Methy-
lation status of Dnmtlo and Dnmtls 5'-region analyzed by means
of pyrosequencing method. Percent methylation of Dnmtlo (A) and
Dnmtls (B) 5'-region is the proportion of methylated CpG sites re-
lative to the whole CpG.

o thétel pyrosequencing™oll °Jate] 4 5 1-cellol
A PR ZEA] 2 A 27) el e Gl 4] wE sl
WElE A tHFig. 1B). AME HA4¢ Dnmtls A+
FAL 1-cellol| A 7.23%=2 A wWE3} 9051, 2-cellol A
2559%= WEst7t S7F8lSTh o] 4-celloll A 4.08% &
et § 8-cell, ), wivkEo A Z}ZF 7.20%, 4.20%,
444% A #WEst FElE FASL AATE A T
HEsl g vl A% 2-cell S Al]3kal, 7} stage'd

2 A etel nlste] A mds} dele 2ot ol
Aol A Dnmtls 7 G2 % b=

o 2z

< 3
stage™d HASI AWFAT BF 1
A WEst sfes Belh

Bisulfite Sequencing H{0f 2[5t DNA M 23} &M

Aol A §-2]3= pyrosequencing®ell 2Jsto] A ghe
24 7] 9 e @A Dnmtlo®t Dnmtls -
%92 DNA Hgs}t 85 #4513tk Pyrosequencing
ol Az 34 gle] PCR 42l 244 <] sequencing
oz fAo] d golsh, 1 Ao AT e A
o7 Aztuo] Adarde, HAl wivkE, AAEQ]D Efot

ol

oM 3E(PFF), 71 Al2Ee] tiste] bisulfite sequencing
Wl ¢J8te] Dnmtlo 3 9<¢l DNA WEsts &
A3tk A ¢ 949> Dnmtlo HAZE G A
A 23 30 bpell A 640 bpil 610 bp Gl =43}
= 8709 CpG sites EATSIGITE HAlEe AFA T
BREE 9] 55.62%¢l HIBte] 84.38%= i MEs}t FRlaL
AAES] ol frofal S} 7] HE= 87.50%, 84.38%°]
a wgst S RATH L 2). o5 A= pyro-
sequencing™ el ©]3l A1gF AW wiREaLe] 44.27%9] H]
5ko] 55.62%K L oL e}t FQlaL, HAERke] A-g-of
A& 69.9%ETE =2 81.62%= bisulfite sequencing™H >
pyrosequencing'Holl o]k 4 AFETE 10% 7HF 3L v
g3} Aas Bt o5 Adbe 4 Wyl wet Ad
s} A3y} ofzhel Apoli= wolx|Rt 11 Ayk= HRd
& Bol folAl AalS AR

R

= BAR 2 AWFAT 1-celloll A vivEE 7}
2ol % g 1AM Dnmtlo?} Dnmtls®] #HdS
Aol & A o7 o dE= ol FHA AR 4o wdst
7hAd el wWEs}t siHS pyrosequencing™ ¥} bisulfite
sequencing'J°ll ¢Jste] EAlSIITh & Ao Ay
& A Z7) ) dd g o] BAld, Auedd eal
A M ZANA Dnmtlo Hd & Jgoz AZuEE= AL
AR 37 9ol -30 bpell Al —640 bpUl 610 bp 94
of EAI3R= 87119 CpG site & HAIAIAE A 571<]
CpG site7} ME3} 7PAGSADMR) = 2218 S W (Fig.
2), Dnmtls 99> CpG Island G o2 e GAE tf
Hito] A wds} o s wEgst Wiyl 431 DMRO
obd Zog AZEr), Dnmtlo DMR2] WEdh= HA| 2
o] A= AN E wukro] 5562%00 HEke] 84.38%
2 3 Wgs) wo] Ehdek grE o] g MR &
et ol BT HAl TE] AAHQ W Fag B
Frzke] HiARA ]l wdskel Welo] W gl B
1kl 9lal(Dean 5, 1998; Kang 5, 2001; Ko ‘&, 2008;
Park &, 2008), /3384 ¥ollA Al gx2 a9
= fr7lshs TSA 59 Ag= A Artas s 9
3tal A tHKishigami 5, 2006; Wakayama ‘& 2007; Ki-
shigami &, 2009).

=3k $-g]o] Azlo] A Dnmtlo DMR 9§98 Ha|gh 2
AFdd 27ad pgelx] 2 WEst siee cleav-
age stageM= FA% EE FEAQ Aqtvdst 9
Heslrt dojuby, oju) HAzte] WEs} seld 24 E
A mE Ay ok tE wdst s 2
Atk oleldk A= w2 7] v ¥ HA oA Dnm-
tlo DMRY DNA =€ 3}e] tholufjulgh wste] Aol ko]
(ko 5 2005), ##] Dnmtlo DMR2] DNA H|&l&}= 2
Aoaf e st AgtEste} sEAQl & wEst]
ofal dojdrial & 4= glth. o ME o]E 574 stageoll A
=E3 wgs) el zhu Wslely, dybdo s 423
DNA Aot AZE&de we {4 wWdst 750
genome-widedt & wWEs} d/4fo] dodrtHRougier
, 1998; Reik 5, 2001; ko 5, 2005), =4 F 5443
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Fig. 2. Methylation patterns of Dnmtlo 5’-region in blastocyst and
somatic cell produced in vivo or SCNT. Methylation status of each
CpG in the 5-regions of Dnmtlo analyzed by means of sodium
bisulfite genomic sequencing method, are shown. Blank and filled
circles indicate unmethylated and methylated CpGs, respectively.

A FAg & wdsprl dojue vk ofu
(Santos 5, 2002), #X|(Dean &, 2001), AFgH(Fulka -5,
2004)0llA] B w11, A oA ARl oFthe]
2 wgs) /o] Yeldth(Beaujean 5, 2004; Dean -5
2001). o5 Ay L A AaEnt ot 4 &
EfsE 27 o dg 34 toldHdl epigenetic
modification®] & & At &= 3 Ak
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