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Methylation Patterns of Imprinting Genes, H19, Igf2r, and Snrpn, in Mouse
Embryonic Stem Cells and Nuclear Transferred Embryonic Stem Cells
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ABSTRACT : DNA methylation is one of the major epigenetic regulations of gene expression. The DNA methylation
patterns are dramatically changed during gametogenesis and embryogenesis, and especially, it has been known that embryonic
stem cells show a distinct methylation pattern. In this study, we examined the methylation patterns of imprinting genes, H19,
Igf2r, and Snrpn, in stem cells induced from fertilized embryo (fES) and somatic cell nuclear transferred embryo (ntES). The
methylation pattern of H19 gene in both fES and ntES were similar. However, the methylation patterns of Igf2r and Snrpn
in ntES (hypermethylated) were slightly different from fES cells.

Key words : Imprinting genes, Methylation pattern, Embryonic stem cells.
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Avro] W LW, Jof2r3t HI9S F-A ZHoEH o] BA AR
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3. Genomic DNA &1} Bisulfite &t} M|

&2+ 2 C57BL/6) Cr Sle®t 129Sv] Jms Sle 7k ¢4 &
vlg] 9] Z2lo| A genomic DNAE F&38l0] AME3ISIT U2,
7L, Ay, 2413wk, sl 7] 12]3 71 EE5H D Neasy
Tissue Kit(Qiagen Gmbh, German)E AHE-3}o] A|2ARS] Wl o]
w2} genomic DNAE 55315121, Ultrospec 1000(Amersham
Pharmacia Biotech, England)< ©]-£3lo] A #3}t}.

g3t 548 $43517] 984 EpiTect Bisulfite Kit(Qia-
gen Gmbh, German)E AH-3Fe] 2 ug«] genom]c DNAZE bi-

°] dojupA] =t} Bisulfite 7‘%174% DNAE
393 th(Benanti et al., 2007).

4. ZeaA YA HEE(Polymerase Chain Reaction, PCR)
ol 7MY B

Bisulfite *]2]¥ genomic DNAZY-E Zhelf#Axkel HI9,
Igf2r, Snrpn +AAE PCR W22 SZ314th 2 4419
SEZ5 Sl AHE-EF primer®] 97141E
SAHE 9] A7]E Table 191 YER Sl th(Leakey et al., 2008).
Snrpn A A= outer primer setE AMEEA 13 &3 F
173 28 AES TYOZ inner primer setE AH-3H Zi]-

ZZ5 A3 s thLucifero et al., 2002). PCR 9H3- Z274-&

A, annealing 2% 2 Wt

Table 1. Details of primers for H19, Igf2r, and Snrpn
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Bisulfite #12]¥ DNA 2 xf, 10x PCR buffer 3 uf, 2} 2.5 mM
dNTP mixture(TaKaRa, Japan) 1.2 1£0(100 uM), Z} primer(10
pmol) 0.3 0, Taq polymerase 0.3 (0(1.25U)(Biotools Spain),
Nuclease free water 22.9 0E Z53]A] 94°C 4%, 59T 2%,
72°C 284 23] HHRSt, o]F 94T 1%, 59°C 2%, 72°C 2%
A 353] HHE51 T PCR AHE2 2% agarose gelollA] &<13}
RO, gel A4 Y3l= band 47+ QIAEX2 Gel Extrac-
tion Kit(Qiagen Gmbh, German)E ©]-&3| A A3} t}.
Bisulfite 2]l 28} uracilZ W& ¥ cytosine? HE =
A & methyl-cytosine< 7|14 € l"&:“ (sequencing analy-
sis) oA AA FEE Ak 74 KA tE S8
PCR 4H&2 ExoSAP-IT purification Kit(USB, USA)E A}&-
sl A5l 7, AAE PCR AH+< Big Dye” Terminator v3.1
Cycle Sequencing Kit(Applied Biosystems, USA)E o] &3 A
A AR el wet AHA7IAE A v Al st
Sequencing reaction 2H&E-& 125 mM EDTAS} 100% o€+ =
AN U 10 0 Hi-Di formamide Y37 denature A%t
ZH)8 A= ABI PRISM 3100 25§77 241 #hu](Applied
Biosystems, USA)E ©]-&3te] 4133 th(Bell, 2008).
4 1
1. E7IMZ 54 =l
Ao AFEE FAT wjolE 7 A 29} A A E o] 2] wjolE
71 E] WiEst 7|ME 5495 811817 9184 Alkaline pho-
sphatase(AP) G Z71HE FAEQ Oct-49 SSEA-1 &4
o] -3t WA ZABE Y Oct49} Nanog®] Hd AH-E &9l
Stk & Aol AR T wolE ] Al 29} A A 23] 0] 4

Gene Primer sequences (5'—3") Product size Annealing Tm (C)
F: GAGTATTTAGGAGGTATAAGAATT
HI9 472 59
R: ATCAAAAACTAACATAAACCCT
Iaf? F: TTAGTGGGGTATTTTTATTTGTATGG 235 59
g R: AAATATCCTAAAAATACAAACTACAC
Snrpn F:-TATGTAATATGATATAGTTTAGAAATTAGT 531
<Outer> R: AATAAACCCAAATCTAAAATATTTTAATC
59
Snrpn F: AATTTGTGTTATGTTTGTAATTATTTGG 40

<Inner>

R: TAAAATACACTTTCACTACTAAAATCC
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Mol 7| A E B 43 AP 94 AFE AL
3§k Oct4, SSEA-1, Nanog®] #&< #9138 4= 912 thFig. 1).

2. Z0IQMRISe| HIE S A 2AM
7t GRS el A gAH A AF, A, B 24 E
71, EH}7](blastocyst), A wlolE7IAME 2D A A 3 o]

B-actin m 321bp

Fig. 1. Characterization of embryonic stem cells and nuclear trans-
ferred embryonic stem cells. Both fertilized ES cells and
NT-ES cells showed strong alkaline phosphase activity
(A, B), Expression of stem cell markers, Oct-4 (C, D)
and SSEA-1 (E, F), were detected by immunohistoche-
mistry. And Oct-4 and another stem cell marker, Nanog
expression were also identified by RT-PCR (G). These re-
sults represented that the cells were stem cells with undi-
fferentiated state (F-ES, A, C, E : Fertilized ES cells,
NT-ES, B, D, F : Nuclear transfer ES cells).
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3. H19 Gene

HI19 £712412] PCR 4HE Well= F 16719] CpG F-91E0] A&
H, AR FA AMOML RE R9lolA mgstel g st
7F A= o] e o H, gk wlolE 7 M Z o} AA E 8 o] 4]
wolE7| N ZAAME T4 bo BA AAAAE EE
THOM 4 vEst A4S H v, WAl A s w2

BE BoloA gudst e Bk B3 2427
b widstel ghd gvgst | F97F ExFHo Ao,
7l M= BE F9olA g Est 5o AATHFig. 2A).

o]§,—l_ og:

A HI1916CpG site

Mouse male —O—Q-C—@OOC—0COCO—0C—C0CCOCCO—COCO—C-
Mouse female —@—@-0—C-O—0-C—C0C-O—0C—C0COC—CC—C—

Sperm 0000000000000 000
Oocyte —O0—0-0—0-0—0-0- 00— 000 0—00—0—
2 cell —-O0—e0— (- 0—0-0-00—e—0e00—00—e—
Blastocysts —O0—0-0—00—0 00 0—0—000—00—0—

Mouse ES cels —0—C-0—C-O— 000 O—0C— 00O O—C0C0C—C—

NT ES cells ——0-O—0O—0COOO—0— 0O OC—C00O0—C—

B. Igf2r8CpG site
Mouse male —@—@—O—CO—C—C—C—
Mouse female —@—@—@—C(-CO—C—C—C—

Sperm P O 0 g Ve S g W g S g
Oocyte —0—0—0—00—0— 00—
2 cell —— O O—O0—O0O0—0O0—0—0—

e O O O O O O
Mouse ES cells —@—(—O—CCO—C—C—C—
NT ES cells —A—C—0—00—0—0—0—

Blastocysts

C. Snrpn 16CpG site
Mouse male —@—@—0—0—0—C0-O—C0CCOCOC—C0C—C—C0C—C—CC

Sperm 000 0—0—0O0O0—0O0O0—0— 00000
Oocyte —0—0—000 0000000090090
2 cell —O0—0—-0——0O0—e-0—XO-00—0—e0—ee0O—
Blastocysts —O—O0—O0—O0—0—00-0—0-0-0—0—0—0—0-0—0—

Mouse ES cells —@—@—C0—C0—C0—COC—0COCOC—C—CCOC—COCCCO
NT ES cells —A—C—C—C—0—0-0— 000000000

Fig. 2. Methylation patterns of imprinting genes, H19 (A), Igf2r
(B), and Snrpn (C) in male and female somatic cells, germ
cells (sperm and oocyte), 2-cell embryos, embryonic stem
cells and nuclear transferred embryonic stem cells. The
mathylation patterns of Igf2r and Snrpn were slightly diffe-
rent between ES cells and NT-ES cells (Filled circle: fully
methylation, Semi filled circle: semi methylation, Open
circle: demethylation).
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4. Igf2r Gene

Igf2r F-742¢] PCR AHe o= 3 8719 CpG F-91E°]
om, HI93 B E hAte] A E’% 5917 $hA v e st o
AL AR A E 4 g EstEo] gle AL R eI
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st7h SR E o] St Hls) A AA £ o] 2w ofZ7] A e A
= W FL(6/8)d14 4 Yt @ A 49 + 3
ATk A AF ek 24 27] 27|l A 9] WEst B HI9
3 frAbek A th(Fig. 2B).
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reprogramming 74 | x}o]
Aze 4 ok AR o7 A £3] o]
e Tl HEolxl wjoke] A, o]y F 7] fAke] Hl&o]
S7HRIG dEA lom, 24 5 7] Abge] B ste 7
T 22 wAgER Sl dehde 20 ® A Tk o
13 olfr= FASH R F42 540 Foldle AL
332t gl dape] A2 Abolell A £ reprogramming
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2 el
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N
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Lol 5t Az ot/ M EE Frdhe AAE
FolF o 2A hEol7l f% wH5E 7] M E(induced pluripotent
stem cells, iPS cells)ol| A Oct-4 42 promoter ¥-$]9] ¥l €
3t e 24 @4 M 3Eol mEA] ZpolE Hol=H Oct-4
promoter F-¢1olA 22 WESE B A5 FA ol
A EZ 9} v e 5H S EO]‘C Ao 2 HIHIHOkita et al.,
2007; Wernig et al., 2007). iPS A ZE Alo]o A} v €3} o
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