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ABSTRACT

Previously, we reported that the osmolarity conditions in the satellite region were affected CpG DNA methylation
status while Pre-1 sequence was not affected CpG DNA methylation in pNT blastocyst stage. This study was conduc-
ted to investigate the DNA methylation status of repeat sequences in pig nuclear transfer (pNT) embryos produced
under different osmolarity culture conditions. Control group of pNT embryos was cultured in PZM-3 for six days.
Other two treatment groups of pNT embryos were cultured in modified PZM-3 with 138 mM NaCl or 0.05 M sucrose
(mPZM-3, 320 mOsmol) for two days, and then cultured in PZM-3 (270 mOsmol) for four days. The DNA methylation
status of the Pre-1 sequences in blastocysts was characterized using a bisulfite-sequencing method. Intriguingly, in the
present study, we found the unique DNA methylation at several non-CpG sequences at the Pre-1 sequences in all
groups. The non-CpG methylation was hypermethylated in all three groups, including in vivo group (86.90% of PZM-
3; 83.87% of NaCl; 84.82% of sucrose; 90.94% of in vivo embryos). To determine whether certain non-CpG methylated
sites were preferentially methylated, we also investigated the methylation degree of CpA, CpT and CpC. Excepting
in vivo group, preference of methylation was CpT> CpC> CpA in all three groups investigated. These results indicate
that DNA methylation of Pre-1 sequences was hypermethylated in CpG as well as non-CpG site, regardless modi-

fication of osmolarity in a culture media.
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DNA "dste AE 5 dol 71 Bol A5 epi-
genetic 7]7-°]aL, DNA #€3h= f-4419] silencing, im-
printing, chromatin® remodeling, X %A E&43l,
2e odd Az Ve 24 53 IfeE e
of #ofatar gtk XFFe BE FAsE O 24
7 AEE 742 352 DNA 493 Hele g4t 9l
o, 7RA LA = AEe] F3le] DNA #HEs st T
3 AL 3o ¢ltkShiota 5, 2002). 38 w923 A
# 27 FA o] genome-wide DNA &3} o]
2ao] dojdrthReik 5 2001; Ko ¥, 2005). ¥-HF
Azl 1A CpG BlE ] 60~90%= miEstso] ok
A2 F92 AlE DNASY %% Aow defA g,
S-S Z3kete A g9 Be CpG uide]

mEst o] ek TAFolA DNA #WEsls 2 CG
o] A wjdelA dhF-E dojupAIRt, HTol= HE )
d9] cytosineo] WHEs} ¥ o Hi¥Il lrh(Ram-
sahoye 5, 2000). ©]#]3t non-CpGE HIWA A< Cpa,
CpT, CpC 1% sjdolA LHET} °]& non-CpGell #
3 =5 B4 AV Drosophila®] 2718 w4 &
A&t (Lyko &, 2000), Mouse ES celllx CpA%t CpT
A4 non-CpG WEste] EAE Hirskith(Dodge -5,
2002; Ramsahoye &, 2000).

A 5= epigenetic THANAM AE F3h} Al
TR Fdxd VT8 48e] & 5 de T8 AE
o} BAlFEL AMEEA-] b2 DNA wEsle] we
epigenetic F|ZZ 1 o]4o] 9131(Ohgane %, 2001; Kre-
menskoy &, 2006), °15 E4HE TR IHL gty
4 2 gl Asfe] gdle]l "t(Shi F, 2002). AABE
ol YZEaE 54 genome FFoNA whdF #HA
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Hael 93l =Hxez JojuhaKim 5, 2004), DNA
Adsh= 27] uidd sgde) gAAel Wy} e
A A S Fastth HA Aquig A =
7] e JAUSS olsel=t Sad Ay sz
ek 2700 9lo] AFY =3 F2F A A 2w
of &S HX= F83 2919 shtojth 9= B
PhE flete] HAu 248 HESD 1, F
T uF 20] #HA) AAEZANT)S} A<
(IVE)] Ao NZAMSE 7HAaA71H wjuks et
7FX7) iL(Hwang &, 2007; Park %, 2008), %3k
Stoll Aejel HAkze] Wesle Alsuy e
Al Satellite FANME in vivo BIRITO] S-A}SE 11
g3}t 43S Ve S HudgithKo %, 2010).

O AES aAEQkY A9dui A (NaCl# sucrose
A2, 270 mOsmol)ll Al A4k 2] HA vtz 2] geno-
metl] ¥HE FAQ] Pre-13} Satellite %3%¢] DNA |49 g}
WS bisulfite sequencing WH 02 ALY 31, o A3
B o]E WHE g9l F Prel Qo)A AR st
non-CpG 50142l vlgds} Axg i)
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HRtel 3149t Hlelds

AR UV gle @ B A AHEE Ak Sig-
maAkSt. Louis, Mo, USA) #E& Abg-atgim, A& A
8 TE e % dAaks YR SR8
3|(Suwon, Korea)?] %<1 At dabE m&2 oA
E=5E A9 g 10 ml FAP]C) 18G FAME S
o183} 47 3~6 mm FEZEE YAsA. AR
WA AR Fslel A G AL AW eiA B2
AEA] wAg Ak Awste] Hesol TS
ok A9l AHEE Ml dNS 0.1%(w/v) polyvinyl al-
cohol(PVA), 3.05 mM D-glucose, 0.91 mM sodium py-
ruvate, 0.57 mM cysteine, 385C, 5% CO, F719] wjoF
71914 40413F Tt A %S dAEkch

Donor Cell®] ZH]|

ool Abgd AMEE 8/1LH v H ) (Immerge
Bio Therapeutics Inc., Cambridge, MA, USA)2] il A
Az ARoRRH AHANAUL, 15% (v/v) FBSS 75
ug/ml antibiotics”} ¥F%¥ DMEM (Gibo-BRL, Grand
Island, NY, USA)© 2 Hjokslich M X 3~43] Aoiw)
% £ 10% dimethylsulfoxide”} 3% DMEMo| S5
& F g3 FANER Folalo) Alg-ak9lr).

HAME S YA

s W3 483 01% (w/v) PVASE 01% (w/v)
hyaluronidase”} £3 PBSell4] vortexing®l] ¢J3] 4]
Aok Mot f#ddtn A 1247 e e A
et A 1A} 89 AEAS oF 13 A% F9U3
o A 2 ARG TV SHUAE A7t Eo g gl
S AEEgT B E micromanipulation %42 3 mg/ml
BSA and 5 ug/ml cytochalasin B7} 3¢ TCM-199¢

olo

oft

Al AAEITE GRS 39T oA 158 $<¢F 10 ug/mle)
Hoechst333429] @02 A do] Ut A&
AH52 donor cell®] o2 714] 3 mg/ml BSAZ}F E3H¥
TCM-19914 AAHATE A7) A5S F3t] dF3HY
AELFS Sl dold IAEL 0.1 mM MgSO,, 1.0
mM CaCl,, 0.5 mM Hepes7} X3¢ 0.3 M mannitol &
A} &7 fusion chamber®] 02 mm A7 <folo] A=F
(32 1 mm) Ae]ol|#] BTX Electro Cell Manipulator
2001 (BTX, San Diago, CA, USA) °]4 2DC A7 12
kV/emE 30 p/sec ¢ =35t §IA AL 38
&L 64 5 PZM-39]4 %= A} Genomic DNA
F24 WYL ELS PBSE 43] o) AlF T AHT+F 10
MNE 35 AHE H7bA] —80Ce B3It

In Vivo HIBIZO| 5|4

In vivo ¥IWHE F5E $8ted 7~117€% Landrace
AUES o8, JujdAeE 3531tk hCG FAF F
24~36A 7kl AFTAAZ L, hCG FAF Foifer & oF
12047 168217t =% 3 A7 & 35830t PBSE
ol-4 Aw AR 3|FH AT 307 Wl 37T
0.1%(w/v) PVAE #7}3 Tyrode’s lactate-HEPESE ©]
4319 A& Genomic DNA 5% 712 —80TCe B93}
it

Bisulfite Sequencing0®i 2[5t DNA HIE 3} 3iA

91 Genomic DNA FZ& Ko 5(2005)2] "ol &
ate] F&38}9131, sodium bisulfite genomic sequencing
© Clark 5(1994)9] o] whe} 53434t} 7veF3] bic
sulfite genomic sequencing *}'H& A" 8H EcoRI A&
# °F 2 pgé genomic DNA7} 0.33 M NaOH®l| A 37T
A 15% &<t denaturer] 33, pH 59 2M2| sodium
metabisulfite®} 0.5 mM¢| hydroquinone ¥ %= 55Tl
A 12413F B 2hdkste] whg-AIZT Bisulfite A& E A
£+ Wizard DNA clean-Up system(Promega, Madison,
WIS o]-8ste] A3k Bisulfite 22]¥ DNAE Am-
pliTag Gold(Applied Biosystems)= ©]-83}% Pre-1%}
satellite 4 %-S Table 1] primer set& ©]-§3}9 FEA]
2t PCR F% 27 94TCeA 1091t pre-denatura-
tion §H &, 94CeA 30%, annealing 2% 56Coll A
30%, 72°ColA 133t 433] WE-EAIZA, 72°CollM 1093F
WHAA TF heE RN $EE PCR AHEL
2% agarose gel A7 F3 FH AFE A% F F
Z¥ PCR 2h=9] ¢17] A€ pGEM T-easy vector sys-
tem(Promega, USA)S ©]&3l9 PCR Aeg =243
%, Bigdye terminator®} ABI 377 A 7] Ad £
Z)(PE Applied Biosystems, US.A)Z o]-&3t @7
MNES dAeint 2% 97] M LL BLASTE ©]8-3f
o 4sdE 3191, DNA Sequence Navigator(PE
Applied Biosystems, USA) program$ AR&3le] A&}
Aok
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i AgolME AT Al 2o W Al CpG methylation
e F 9l satellite®} Pre-1 9999] DNA w3l s} 100
£ bisulfite sequencing®™ell 9Jsto] FASIth 8=
A% BbE 999 F Satellite 0] ok Pre-1 9o . L
A CpG HE ©]9)9] cytosinedl A= 558 @3}l mo- 5 1
dification =, non-CpG WE3g7} &A)ghe w8} &
Fig. 1914 Hi= niel o] Pre-1 9% 148bp= 871 £ 80
CpG site ©]9]o] CpA, CpT, CpC siteol#] W& stg o} £
T non-CpG X331 JYATE In vivo HIRFZETL o} 2 4y
Y&} PZM-3 A&7, 183 NaCl# sucrose TAMFESH %]
2] HA] wjgkze] BE non-CpG HE sk 7Hz} 90.94
%, 86.9%, 83.87% T1¥]3l 84.82% AT 7to] F A}o] 60 e
glo] wwEsl A% BYTHFig. 2 and Table 1). in vivo NaCl Sucrose
Pre-1 Y29 Non-CpG 23t M3 T Non—-CpG methylation
°l& non-CpG & CpA HWHEHSI= in vivo HHFENA 100~
80%% PZM-3, NaCl 18|31 sucrose &) Z] ujnk .
F 9] 66.67%, 56.10%, 1¥] I 5854%K.0} e} £ o] g 90
AATHTable 1). CpT W=sh= FA& A7 BF 100 2
%= &A3] wEstd d w3k in vivo ¥iEFES] 9552 Z 8o
%E ARt o yuds} HYclk CpC WEd= Azt 2
of BAG 95% AFE wMEst AFL wAY oF  x
Ads Z27vidbg F w9 stageol Al genomed] Pre-1
HHE Foll CpG site ©]9fell CpA, CpT &l CpC si-
60
In vivo Bl HORPO-BBE—CA-DIOB Dk GGGV HER S in vivo Sucrose
APB-CSOSR-SRA AL ER-CACORISCAN M) Totall methylation(CpG and Non—-CpQG)
AOB-SA-A GBS RAA G A OB-OhAARAO LANON-S 100
AOH-60-O08-6 8k —OSR-TADOROICD BN
bt it et o S g
AP RSO 4GRS BA——BhOB-OhO-ANMp AR S N
OOk SRS RAL- S h V- ChhA RS AAR - = 90 |-
g
AP E-SS-SORSBA-SHS4B-LA SN BRI N &
NT-Bl AGHSOIBINL G004 TAGONMOANANS = B0 -
(PZM-3) APB-SB-SORIBA 48 E8-OA0— 04 I g
AGBOGG S BA S IOSR —AS M D SIS 40
AP S4B ORA— 9O SR LASA A DRI
ACBCS OB SR A IO S H-1hOSUSSAD B NS 60
ARG SERONA 040 68-OASORLOOL RIS in vivo NaCl Sucrose
(I;Tzi?§+ Nacl) AORO9-SOBOBA-BOD64 A0 BN RN Fig.. 2. ?pG and non-CpG methylation .pattems of Pre-.l sequence
AOB-GO-O RS BA- BSOS R A ORI SRR in in vivo or SCNTs. Percent methylation (mean+SD) is the pro-
HOBSOS SRS RS2G4 S B OAAONIR - SENE portion of methylated CpNs sites relative to the whole CpG and
SO S-SORSRAARS S B-L A DONOILS- SN D non-CpG (CpA, CpT and CpC) sites.

te®] RE cytosineol A wlEst o] WELE non-

_Bl ORGRASLOSU-LAS SRR DR IS CpG #E3l7F EA8H, ©]& non-CpG #lEst N5t
(PZML3+Sucrose) AW #4408 454002 RS BO00- RS o epT>CpCoCpA 0.2 % ettt o5 23}
RPN S-S BA— 4O SR-1ACLEGI IO RIS + Pre-1 9999 DNA €3} e AFY HskE &
APR-GASOEHS A S84 B LA GRS DB IS AL ek Fo] W3l glo] kAo CpG Bt o}

ACE-S SO PHSBA-D S8 ASOROS LSRN Ue} non-CpG site”} €13k 51014 S elmatm gle,

Fig. 1. Methylation profiles of the Pre-1 sequence of pig embryos
produced i vivo or SCNTs. Each string indicates a 148 bp fragment
of Pre-1 sequences amplified by PCR from bisulfite-converted 5
genomic DNA and has 8 CpG sites. Circles represent CpG dinu- -+
cleotides, diamond represent CpCs, triangles represent CpAs, and
squares represent CpTs. Solid and open symbols denote methylated
a?ld unmelt)hylated fytosine, respecﬁlz/ely.ym g Sg= FHol ARt g 2ol A AA EEA

m_)'l_n
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Table 1. CpG and non-CpG methylation in the Pre-1 sequences of pig embryos produced i vivo or SCNTs

% methylation

Classfication No. of
clones
CpG CpA Cpt CpC Totall non-CpG
In vivo 92.68 80.00 95.92 96.91 90.94
PZM-3 92.73 66.67 100.00 94.03 86.90
NaCl 96.76 56.10 100.00 95.92 83.87
Sucrose 97.50 58.74 100.00 95.92 84.82

This data was used to compile the percent methylation as (number of possible retained cytosines)/(maximum possible retained
cytosines)x100 for each of above CpGs and CpNs. Totall non-CpG represents the summarized percentage of methylation at all non-CpGs

(CpAs, CpTs and CpCs).

ND)SF A48 AVE)Y HlbEol M M) A%

A7 l"‘f jj 9k 371X ] hdgo] FHEE BEIY
(Hwang ‘5, 2007; Park 5, 2008). 3+ 12 J%“O of A2
H Ak e] WEshs Awd s oy
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Holl M= in vivo BIRFELS] 7}k v/‘}ﬂ el 7
&'— Ho}31, Pre-1 O—%Oﬂ/ﬂ“ DNA #W¥3} e A%
%‘ HElE & AAE W }_74031 Hal glo] A 4
HE AMZ SAd wE $4804 Wy} gles g
3% thko 5 2010).

= AEoAe 2FS Auld 2o WE geno-
mell ¥HE dHe] CpG DNA Hgsle] wisls BAsia
A AAslg o, o akx @A olE Pre-l €Yo SE¢
non-CpG Biel 5olAl vy} 2438 waskyl
o} o] gt non~CpG s d4e e FEAA B

T BILESLIL, 2 EolA = RNA-directed W23k} non-
CpG sited] wWgstel 24420 #elo] = il(Pelissier 5,
1999), °1# g &9 non-CpG ™H3E S Arabidop-
sis thaliana chromomethylase3 gene®| homologeus &4l
719k AoR A Slti(jones &, 2001). 5E AX
A4 non-CpG ”ﬂ%i} endogenous LINE-1 retroele-
ments(Woodcock 5, 1997)9F integrated plasmid DNA
(Clark F, 1995), Nfi gene (neurofibvomatosis typel) cod-

g % (Haines 5 2001), 77231 Mouse ES ce]]oﬂ/\ﬂ CpA
9}, CpTel*l non-CpG A ske] E47h 291 AT Do-
dge ‘&, 2002; Ramsahoye &, 2000). ‘T“/}*‘] 2 ol A T
Z7]pirgd F wWEE stageoll A genomelll Pre-1 ¥
F9l CpG site o]l CpA, CpT 2@l CpC site?]
EE cytosinedl| A AP E SIS non-CpG vE 317} &3}
Sth 1A " non-CpG WE st 54H72} g7} nkEw)
& EFeE HFAR GGelld 2upEg Fokel &
Ask= A 2ok a2a -8 ZAAs HAE w204
7%7%]"10] Pre-1 ‘ﬂ% FHollA arlEsiE CpA, CpT 2
¥l CpC srtew] non-CpG WE s M5 FdE opT
>CpC>CpA & = JEpst) olg 2 ﬂ}-‘(: Pre-1

o 9] DNA “ﬂ%é} FehE AR WS = AAE )
o} Z7e) ¥3l glo] kA ow Cp(: Aot olek non-
CpG site7t 1m€3}l Hojxg ov]3tal 913, Lindroth
S(2001) CpG wlE3te] EA7F 1 9 CpNpG #l
o WEsls {7t n Rud AXY, ¢ AajA
5 Pre-1 9499 CpG 7€ 39} non-CpGE A2 links]

o} Mz Zhol WEstE Frshe A gk sk A
A3 non-CpG e 8= Dnmt3a and Dnmt3b7}t CpG>
CpA/CpT>CpC w22 713 5ol4d o] Ae(Acki 5,
2001; Dodge %, 2002)% E o2 RIE Dnmi3 family
Hel3l F2E0] mouse ES cellsol A non- CpG w5}
E AdAe AL=R B3t Ramsahoye &, 2000).
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