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H-

Y White et al., 1987 Y- in situ hybridization

Bondioli, 1992 fluorescent in situ hybridization, FISH

polymerase chain reaction, PCR DNA

PCR

Aasen and Medrano, 1990; Bredbacka, 2001 PCR

Handyside et al., 1989 Collins et al., 1995 Peippo et al., 1995 Bredbacka and

Peippo, 1992 Ford and Conley, 1994 Kunieda et al., 1992 PCR

real-time PCR

Ballester et al., 2004 Alonso and Martin, 2004

PCR

real-time PCR

I. 

i DNA Alpine

DNA Qiagen, GmbH

DNA PCR

ii fibroblast

II. 

i primer ZFX-

S e n s e 5 ' - A T A A T C A C A T G G A G A G C C A C A A G C - 3 ' Z F X - A n t i s e n s e 5 ' -

GAGCCTCTTTGGTATCTGAGAAAGT-3' PCR DNA

phosphate-buffered saline, PBS

8 l MgCl
2

1 PCR proteinase K 0.15 g/

l Roche Boehringer-Mannheim, Germany 0.25 ml

56  30 min 94  15 min 4 PCR i Cycler Bio-Rad, U.S.

A. PCR DNA 1 50 ng/ l

1 5 10 20 0.4 M 10 PCR buffer Taq DNA

PCR denaturation 94  3 min PCR  25 l 10 94

 1 min 54  50 sec 72  30 sec 20 94  1 min 54  50 sec 72  45

sec 10 94  1 min 54  50 sec 72  1 min 72  5 min extension

4
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ii

1. PCR amplicons real-time PCR nested PCR

Forward primer 5'-AAAGCACATGCGAATCCATACTG-3' Reverse primer

5'-TTGGTATCTGAGAAAGTCAGAAGACAAAT-3' SYBR real-time

PCR ABI PRISM 7900HT Applied Biosystems, U.S.A. PCR

25 l 1 TaqMan Universal PCR Master Mix Applied Biosystems, U.S.

A. 100 nM nested 700 nM 1 l PCR

real-time PCR 10 50  2 min 95  10 min 40 94

 15 sec 62  1 min

2. TaqMan Applied Biosystems, U.S.A. ZFY

FAM-AAAACTAAGCATAGTAAAGAAATGTCTTTCAAG-TAMRA ZFX VIC-

AGCATAGTAAAGAGATGCCATTCAAGTGTGA-TAMRA VICTM

FAMTM ZFX/ZFY

iii

ABI PRISM 7900HT Sequence Detection System SDS

VICTM FAMTM real-

time PCR 550 660 nm

1 10 20 PCR 3

real-time PCR DNA

ZFY/ZFX SYBR real-time PCR

DNA ZFX/ZFY PCR

DNA 450 bp PCR 1 PCR

1. 1-50 ng/ l DNA ZFX/ZFY PCR

Nc M 100 bp

Fig. 1. The electrophotogram of PCR products amplified from different concentrations 1-50 ng/ l

of purified male and female dairy goat genomic DNA with ZFX/ZFY primers. Lane Nc: negative

control. Lane M: 100 bp ladder marker.
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real-time PCR DNA

1 10 20 PCR PCR SyberGreen

real-time PCR PCR 10-20 PCR

2 1 10 20 20 18

15 2A 18 16 15 PCR

 2B PCR DNA

2. PCR real-time PCR

 DNA 25 ng/ l 20 10 1  PCR Nc

Fig. 2. The nested real-time PCR amplification plots of specific PCR products amplified from first PCR

products obtained from different number of somatic cells for the A female and B male

dairy goat. From left to right, template concentrations at first PCR reaction are genomic DNA 25

ng/ l , 20-, 10- and 1-cell, respectively. Nc: negative control.
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3 real-time PCR Tm 80.3 80.8  3A 3B

real-time PCR PCR

TaqMan FAMTM ZFY VICTM ZFX

4  4

 4

3. PCR real-time PCR

Fig. 3. The dissociation curves of real-time PCR products amplified from first PCR products obtained

from different number of somatic cells of the A female and B male dairy goats.
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PCR Mara et al., 2004 PCR

Y-

DNA Moore et al., 1991 Y-

ZFY/ZFX

SRY Y- Gutierrez-Adan et al., 1997; Ng et al., 1996 Mara et al.

2004 30 5 2

Y- SRY 1.715

SAT Peura et al., 1991 91.2% 21 IVP

Peura et al., 1991; Rao et al., 1993; Macha`ty et al., 1993; Park et al., 2001; Manna

et al., 2003

PCR DNA Bredbacka, 1998

DNA PCR DNA

PCR PCR Greenlee

et al., 1998; Le Bourhis et al., 1998 Ng et al. 1996 Y-

SRY HMG box PCR 161 bp

intersex chimeras PCR

DNA 100 ng 10 ng PCR

PCR

4. DNA 1 5 10 20 PCR TaqMan

Nc

Fig. 4. First PCR product from male and female dairy goats with different somatic cells numbers 1, 5,

10, and 20 cells are hybridized with TaqMan fluorescent probes. The samples show up in two

clusters. Allele 1 shows the male ZFY samples in the upper left corner, and allele 2 indicates

the female ZFX samples in the lower right corner. Nc: negative control.
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PCR

PCR DNA PCR

smear

PCR

30 min agarose ethidium

bromide real-time PCR SYBR

real-time PCR

Alonso and Martin, 2004;

Andreasson and Allen, 2003 PCR

Northern blotting

Ballester et al., 2004; Shitara et al., 2004; Tesson et al., 2002 real-time PCR

PCR

Y- PCR Y-

PCR PCR

X- internal control Zeleny

and Schimmel, 2002 Zinc finger protein ZFX/ZFY PCR 450

bp ZFX/ZFY Horvat et al., 1993

restriction fragment length polymorphism, RFLP ZFY/ZFX PCR

ZFY/ZFX nested PCR Aasen and Medrano,

1990 Aasen and Medrano 1990 ZFX ZFY PCR 445 447

bp PCR PstI 103 344 bp

PCR PstI

DIG digoxigenin ZFX/ZFY PCR

ZFY/ZFX PCR DNA

450 bp real-time PCR

ZFY/ZFX

primer extension preamplification, PEP Chrenek et al., 2001;

Sermon et al., 1996 nested PCR Lien et al., 1999 PCR

real-time PCR Morin et al.,

1999 PCR

PCR

Virta et al., 2002 real-time PCR

10 100%

80%

PCR
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Abstract

The purpose of this study was to develop a fast method for sexing dairy goats by real-time polymerase

chain reaction PCR . DNA samples prepared from peripheral blood and in vitro cultured somatic cells were

pre-amplified by traditional PCR with ZFX/ZFY primers. The resultant products were used as a template in

the following real-time PCR assay, with nested primers and SYBR, and then determined with sex specific

fluorogenic probes for ZFX and ZFY. Results showed that the higher the concentration of initiation template

was, the earlier the amplification plot appeared. The dissociation curve of real-time PCR products showed high

specificity. By using SYBR analysis and sex specific fluorogenic probes, the accuracy, efficiency, and repro-

ducibility of sex determination for caprine genomic DNA and somatic cells were significantly improved. In

addition, the time-consuming electrophoresis for traditional PCR procedure was eliminated by using fluorogenic

probes for dairy goat sexing.

Key words Dairy goat, Sexing, Real-time PCR, ZFX.
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