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Improved technology of mouse somatic cell nuclear transfer that greatly increases
cloning efficiency
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Production rate of cloned mice still is very low, which is thought to be attribute
d to abnormal epigenetic modifications and X-chromosomal inactivation (XCI) status in somatic cell nuclear
transfer SSCNT) embryos. Here, we developed novel mouse SCNT technologies as follows; 1) treatment with v
alproi acid for 24 h from the 4-cell stage of SCNT embryos, which improved expression of Oct4 and trimethy
lated histone H3 lysine 27, a marker of the XCI status in SCNT blastocysts, 2) intracytoplasmic injection
of deionized BSA after SCNT, which promoted expression of acetylated histone H3 lysine 9 and acetylated hi
stone H4 lysine 12 at the pronuclear stage and production of cloned offspring, and 3) treatments with tric
ostatine A for 8 h from the beginning of activation of SCNT oocytes followed by vitamin C for 7 h, which p
romoted the oxidation of 5-methylcytocine to 5-hydroxymethylcytosine in pronuclear DNA of SCNT embryos and
led to greatly increased production of cloned offspring.

BSA C



(SCNT)
( )
C(VO)
Class I1b
(HDACH)
A TSA SCNT
10%
X
XCI SCNT
RNA
Xist RNAT
20%
14%
RNAI
SCNT
XClI
SCNT
2
B6D2F1 (C57BL/6J X DBA/2)
7-10
( )
SCNT
MII 5 pg/ml

B (CB, Sigma-Aldrich)
CZB-Hepes

(Prime Tech, Tokyo) MII

HVIJ-E (GenomeONE-CF,
Ishihara Sangyo, Osaka)

(SCNT ) SCNT
5 mM (Wako Pure
Chemical Industries, Osaka) 2 mM EGTA
(Sigma-Aldrich) 5 pg/ml CB
mKSOM ( ) 6
SCNT
3.7%
(Sigma-Aldrich) 0.5% Triton
X-100 (Sigma-Aldrich) PBS

0.02% Tween-20 (Sigma-Aldrich)
1.5% BSA  0.2%
(Sigma-Aldrich) PBS ( )

4
1 OCT3/4 (1:100;
Santa Cruz Biotechnology, Heidelberg)
CDX2 (1:100; BioGenex, San Ramon,
CA) H3 27
H3K27me3 (1:100; Millipore, Ann
Arbor, MI) H3
9(AcH3K9) (1:100; Upstate
Biotechnology, Lake. Placid, NY)
H4 12(AcH4K12)
(1:100; Upstate Biotechnology) 5
5mC (Active Motif
#39649; 1:2000) 5
5hmC (Active Motif
#39769; 1:2000)
2 Alexa Fluor 488
IgG (1:500, Molecular Probes,
Eugene, OR) Alexa Fluor 594
IgG (1:500, Molecular Probes)

10 mg/ml Hoechst 33258
(Sigma-Aldrich) 50%
PBS
(FSX100, Olympus, Tokyo)
(Carl Zeiss, Inc.,
Germany)
AcH3K9 AcH4K12 5mC 5hmC
ImageJ
(Rasband, W.S., ImageJ, U. S. National Institutes
of Health, Bethesda, Maryland, USA,
http://rsb.info.nih.gov/ij/, 1997-2009)



2 SCNT
ICR

05 )
19.5

VPA
SCNT
OCT4
VPA SCNT
(VPA-1C) 24
(VPA-2C) 48 (VPA-4C)
24 1 mM VPA

33%~37%
NTC 36%
ICM OCT4
OCT4
OCT4
OCT4
OCT4 10
NTC 34.3% 34.7%
VPA
OCT4
OCT4 10
NTC

82.25

VPA-4C  (
76.7%)
ImM VPA 4
24 SCNT

OCT4
SCNT XCI
VPA
XCI H3K27me3
VPA-4C NTC

H3K27me3

SCNT

NTC
1 12.4%
1 focus

2 focus
VPC-4C 1
focus
36.6% NTC
SCNT
H3K27me3
focus 1 XCI

24 1 mM VPA  SCNT

SCNT XCI

BSA

PVP CZB-Hepes

PVP

SCNT

BSA d-BSA
(23.5%)

PVP

HVJ-E
SCNT

(10 pl)
d-BSA
SCNT

6% d-BSA

SCNT
18

0

110

d-BSA
TSA

SCNT

0%(

PVP
BSA

PVP
PVP
SCNT
(43.1%)
d-BSA
SCNT

) 6%

mKSOM 96

0% d-BSA 32.4%
(65.1%) d-BSA

2

130 2

1% 0%
TSA
138

36

2.9%
SCNT 2

26.1%
d-BSA

28
TSA

25.4% 2.7%

SCNT (

10 h)
TSA

AcH3

SCNT

10 h)SCNT
AcH4K 12

K9 AcH4K12

6% d-BSA

(
AcH3K9



d-BSA

AcH3K9
AcH4K12
d-BSA
SCNT
H3K9 H4K12
C VC
VC  TET DNA
5mc
SCNT VC
SCNT VC 10 25
50pg/ml 24
70% 37%
SCNT
ICM
VC
10 pg/ml TE
VC
0-24 8-15
36%
(69%, 71%) 0-8
52%
10 SCNT
DNA
8-15 VC 0-8 TSA
5mc
VC 8-15
TSA 0-8
VC TSA
DNA
DNA
VC TSA
SCNT VC
TSA
VC (0-24 )
1.8% TSA 2.5%
VC TSA
18%
SCNT XClI
Xist RNAi
SCNT
VC

TSA SCNT

SCNT

4
1. Isaji Y, Murata M, Takaguchi N, Mukai
T, Tajima Y, Imai H, Yamada M. Valproic
acid treatment from the 4-cell stage
improves Oct4 expression and nuclear
distribution of histone H3K27me3 in mouse
cloned blastocysts. J. Reprod. Dev.,
59(2):196-204 2013

2.

34: 117-127 2012

3. Tsukiyama T, Asano R, Kawaguchi T, Kim
N, Yamada M, Minami N, Ohinata Y, Imai H.
Simple and efficient method for generation
of induced pluripotent stem cells using
piggyBac transposition of
doxycycline-inducible factors and an EOS
reporter system. Genes Cells, 16(7):
815-825 2011

4. Miyamoto K, Nagai K, Kitamura N,
Nishikawa T, Ikegami H, Binh NT, Tsukamoto
S, Matsumoto M, Tsukiyama T, Minami N,
Yamada M, Ariga H, Miyake M, Kawarasaki T,
Matsumoto K, Imai H. ldentification and
characterization of an oocyte factor
required Tfor development of porcine
nuclear transfer embryos. Proc. Natl. Acad.
Sci. USA, 108(17): 7040-7045 2011

7
1.
c 106
2013 9 12
2.
B c 105
2012 9 8



105
8
4.
2012 3
5.
Oct4
6.
9 13
7.

2012 9
115
28
104
2011 9 15
61 2011
18
2011 9 8
0
0

http://ww.reprod.kais.kyoto-u.ac. jp/

@D
Yamada Masayasu
10243073
&)
®



