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dehyde-3-phosphate dehydrogenase GAPDH E-cadherin E-cad octamer-binding transcription
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in vitro production, IVP somatic cell nuclear transfer, SCNT

IVP

50% Niemann et al., 2002 IVP

Niemann et al., 2002 SCNT SCNT

10% Tian et al., 2003 IVP

25~35% IVP large offspring syndrome, LOS

SCNT Young et al., 1998 Tian et al., 2003

IVP SCNT

IVP SCNT

Niemann et al., 2002 Tian et al., 2003

RT-PCR

Niemann and

Wrenzycki, 2000

RT-PCR IVP SCNT

DNA

I. 

IVP SCNT

i IVP

1997 1 ml

18 2~6 mm cumulus-

oocyte complexes, COCs in vitro maturation, IVM 24-26 h

38.5 5% CO
2

95% 8 h

in vitro fertilization, IVF

co-culture 38.5 2% CO
2

95%

48 h 24 h 7

2 4 8

phosphate-buffered saline, PBS 0.5 l PBS

1.5 l lysis buffer 0.8% Igepal Sigma, USA 1U/ l Recombinant

RNasin ribonuclease inhibitor Promega, Madison, USA

-70 mRNA

ii SCNT

Wilmut et al., 1997; Wells et al., 1999; Kubota et al., 2000
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1. 2~6 mm

COCs 24-26 h 1997

2. trypsin

fibroblast

10% FBS DMEM 0.5%FBS DMEM

5 10 G0

3. COCs

20 g /ml Hoechst 33342

4. SCNT 0.3 M manitol 0.1 mM

MgSO
4

0.1 mM CaCl
2

BTX Electro Cell Manipulator 2001, BTX., USA

1.34 kV/cm 10 s SCNT 5% FBS

TCM-199

5. SCNT SCNT 4 h 5 M A23187

5 min 2 mM 6-DMAP 4 h SCNT

IVP

iii

6 7

i

II. mRNA RT-PCR

-70 IVP SCNT

mRNA Quick Prep Micro mRNA Amersham, UK mRNA

RT-PCR 80 5 min RT-PCR

10 l RT SuperScript II RNase H-Reverse Transcriptase

Invitrogen, CA Oligo dT
12-18

Invitrogen, CA DTT RNAsin Promega, USA RT-

PCR 42 1 h cDNA PCR

1

III. 

PCR 20 l cDNA 200 nM 100

M dNTP 2.5 mM MgCl
2

1  PCR 1 u Taq DNA Promega, USA PCR

95  3 min 50 94  30 sec 56  30 sec 72  3 min 72  8 min 4

PCR 10 l PCR 2 l 6  loading buffer 2%

agarose gel 0.5 TAE 100 volt 30 min

0.5  Tris-acetate-EDTA TAE 0.1 g/ml ethidium bromide
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IV. DNA

PCR Qiagen, GmbH DNA

DNA pGEN-T Esay Vector system II Promega, USA

PCR pGEN-T Essy Vector system II multiple cloning site, MCS

competent cells E. coli

DNA

V. DNA

5 DNA ABI 3730 Applied Biosystems Inc., CA

DNA DNA Vector NTI Infor Max Inc.,

USA National Center for Biotechnology Information NCBI DNA Basic Local

Alignment Search Tool BLAST

IVP SCNT

mRNA mRNA RT-PCR cDNA

19 -actin

GAPDH mRNA cDNA PCR

-actin GAPDH PCR 2 -

actin Accession NM_174580 -actin 3

RNA PolyA Hsp

2

Oct-4 POU

ATGCAAAT 8 Herr

and Cleary, 1995 Oct-4 inner cell

mass, ICM primitive genital ridge primordial germ cell, PGC

embryonic stem cell, ES cell embryonal carcinoma cell,

EC cell embryonic germ cell, EG cell Tanaka et al., 2002; Niwa et al., 2000

Oct-4 4~8

Oct-4 Oct-4 Scholer et al., 1989 Oct-4 Pou5f1

VanEijk et al., 1999

Pou5f1 bPou5f1 DNA Scholer et al., 1989

Wang and Schultz, 1996 Oct-4 Oct-4 RT-PCR

Oct-4

Oct-4 VanEijk et al., 1999

mRNA cDNA DNA Bos

taurus Oct-4 Pou5f1 mRNA Accession NM_174580 3
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Oct-4 Ponsuksili et al., 2002; VanEijk et al., 1999

IVP SCNT

Oct-4 Pou5f1

IF- IGF-I IGF-Ir IF-

Ponsuksili

et al., 2002 IVP IF-

Hernandez-Ledezma et al., 1992

IF- IGF-I

IGF-Ir IGF-I

IGF-I

Jousan and Hansen, 2004

IGF-I Ponsuksili et al. 2002 Niemann et al. 2002

IGF-I IGF-Ir IVP

SCNT DNA Accession No.

BTIGFIB 3

IGF-I Lonergan et al., 2000; Lighten et al., 1997; Doherty et al., 1994

IGF-I Ponsuksili et al., 2002

IGF-I Lonergan et al., 2000

Glut-1 GS MnSOD FMO Lequarre et al.,

2001 Glut-1 DNA

Accession No. BOVGLUTI Bos taurus Glut-1 mRNA 3 SCNT

IVP -PCR real-

time PCR GS

2 Glutamine synthetase

neurotransmitter excitotoxic glutamate glutamine

Johnson and Nast-Esfahani, 1994 MnSOD
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Lequarre et al., 2001 Harvey

et al. 1995 MnSOD

Lequarre et al. 1997

RT-PCR IVP MnSOD

MnSOD Harvey et al. 1995 Dolphin et

al. 1996 RNnase FMO FMO 1 FMO3 FMO4

FMO1

FMO1 FMO1 FMO1

FMO3

FMO

Hines et al., 1994 FMO

2-4 SCNT 2

A2M -2 macroglobulin

Lorent et al., 1995 17 A2M

Lorent et al., 1995 2 SCNT A2M

IVP SCNT

Niemann and Wrenzycki, 2000;

Niemann et al., 2002 Cx43 compaction cavitation

gap junction Cx43

Cx43 Plako Dgl

desmosomal glycoprotein

Plako Dgl 2

E-cad Accession No. AY508164 3

IVP SCNT

Rief et al., 2002 Rizos et al., 2003 SCNT

SCNT IVP

Wrenzycki et al., 2001 Wrenzycki et al.

2001 -199 TCM-199 synthetic oviduct fluid, SOF

IVP Cx43 Glut-1 PolyA Desmocollin II DC II DC III Hsp IF- Plako E-cad

Zonula occludens-1 ZO-1 RNA

SOF Plako IF-

SOF TCM-199

polyvinyo alcohol PVA 10

Niemann et al., 2002; Wrenzycki et al., 2001 Yaseen et al. 2001

TCM-199 PVA SOF IGF mRNA

IGF IGF

TCM-199 IGF- SOF

Wrenzycki et al. 1999 TCM-199 polyvinyo

alcohol PVA IVP Cx43 Glut-1 PolyA DC II DC

III Hsp IF- Cx43 8-16

PVA Cx43 Plako
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Dg1 DC Hsp PolyA

SCNT

SCNT actin basic fibroblastic growth factor bFGF IGF-I IGF-II IGF-Ir transforming

growth factor TGF lactate dehydrogenase LDH phosphofructokinase PFK citrate

synthase CS TEC-antigen TEC Oct-4 FGF2 FGF4 FGF2r glycoprotein 130 gp130

interleukin-6 IL6 16 Oct-4 IL6 FGF2 FGF4 FGF2r

gp130 6 SCNT IVP

IVP SCNT Oct-4 FGF2 gp130 SCNT

IL6 FGF4 FGF2r 3

SCNT Daniel et al., 2000

FGF-4 SCNT FGF-4 SCNT

Daniel et al., 2000

SCNT Kasinathan et al. 2001

5 6 G0 G1 8 DNA I DNA

methyltransferase I DNMTI Mash 2 IF-

Hill et al., 2000; Kato et al., 2000

Lequarre et al., 1997 Niemann et al. 2002

Watson et al., 1999

microarray Ushizawa et al. 2004

cDNA 7 14 21 28

1,773

cDNA

DNA

2 4 8

10 mRNA cDNA

FMO A2M Cx43 PCR

PCR Steuerwarl

et al., 1999

RT-PCR

1997

24 4 429~438
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Gene expression of in vivo, in vitro produced and

somatic cell nuclear transferred bovine embryos 1
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Liu 2 , Jenn-Fa Liou 2 , San-Nan Lee 3  and Lih-Ren Chen 2 4
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Abstract

The purpose of this study was to compare the gene expression patterns for in vitro produced IVP , nuclear

transferred and in vivo derived embryos at specific developmental stages. The reverse transcription-polymerase

chain reaction RT-PCR was used to analyze the gene expression. In order to further identify these genes,

the PCR products of five genes were subcloned and their DNA sequences were determined. Messenger RNA

was isolated from bovine embryos produced by IVP, SCNT and in vivo at 2-cell, 4-cell, 8-cell, morula, and

blstocyst stages. The cDNA was obtained by RT-PCR and used for gene expression analysis by PCR. Results

showed that the gene expression of -actin, GAPDH, Oct-4, GS, Hsp, Plako, and PolyA were observed in all

embryos inspected. The expression of A2M, FMO, Glut-1 or IGF-Ir genes was specific to different embryos

sources and developmental stages. The expression of Cx43, Cu/Zn SOD, Dg1, E-cad, IGF-I, IF- and Mn

SOD were not detected in all embryos. These results and methods used in this study demonstrated the

expression profile of the important genes involved in bovine embryo development.

Key words Bovine embryo, Gene expression, Somatic cell nuclear transfer.
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