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] FA R 5 4 4R M 1T 5L 2 51
7 0

WSO EEMY BB WA BOIAC®

WeEET . 9449 H 6 H : #2HWI - 94410 H 24 H

W OB

AT S AEF B B A i H84 S € (real-time polymerase chain reaction, real-time PCR ) » il
SyberGreen (SYBR) B EAEEEL (probe) AT ERYMERIEE - AERME NI L E R AH
DNA Bdf84MN548 (in vitro culture ) i [l f FF K 2L 22 AEAE MM AROR, 1 i 88 72 2 ikt - Hetii
BEALSeRE G K (proteinase K) JER% » FIfH ZFX/ZFY (ZFX/ZFY-linked zinc finger protein )
51T PCR FHSLHERY (pre-amplification ) » J#f5 PCR AW » %51 nested PCR 5[ 1l fEFH SYBR
AETT real-time PCR - #5HEUR - BEEEAAAIEA DNA B0 - 7EE P RYIEER HIBL PCR b dhiy -
PCR EVIEAREE M figkthigt (dissociation curve) » #i7R PCR AV @R 5T - THIEHE
W WX PCR EYINL A nested PCR 5|1 RMEIF 5 TagMan SO ETT 5 & SE
(hybridization ) » [RIERSE £ A FER G FIE MR o BRBEREEUR - FRlz ZLTERRH DNA b2
1 BN - I THES ROE R IREMEMES: E M « AWFFREURIEN] real-time PCR W B B & A F AR
minZ PERI AN TS HEL TR VK S AT - H B S SRt L E B - BA R 2L e < e T -

BRSERA © 2L~ MERIECE ~ BN S B E ~ ZFX -
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Hil

RE L MERET R K2 BEEPCEE TN E » BRRTHEERE kA A AL mifiE A F A 4
8 RN LU BRI - A T A E R THPGE AR ZE 4 (Thornhill and Monk, 1996) °
O B R NSRBI A R E - STk - FREAPCES R PR L
TARHE R ). A e - BeTHESE T )T (Lopes et al., 2001 ) » AL ERYAETERHR T - RIS (in
vitro production, IVP) ~ 5l E & MAS B H i 2 HERT > $E4E 7RIS M LLRngtdr » [i1EpeE
AL ETE IR A TR 2 $EE E R FL S I A O R -

D THbEEETZE T RER BT ZCHI528 1300 5% -
@ Tkl T Ao E R R IT A2 -
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HIRATEIYIIREI MR8 T73 - PR SR T e G e R ~ EER A MRSRIRY H-
Y PilsHlE (White et al., 1987 ) FIFH Y- Yook SEEHEI TR A HES (in situ hybridization )
(Bondioli, 1992 ) @& IR (fluorescent in situ hybridization, FISH) 4 5 5385 i AE B R HE
FHIRE - IR T AR A0 BRAEE ~ MEREME SBUBMEAR IS - T BRIk S A 2 ak i S IR 1 A 5 B
BEIEH] < SEAEER - R B or A MEdinny Do R It T 5 B RIO RAYA I L E - 0 B3 B g
Jf& (polymerase chain reaction, PCR) HYZEH] » ARG i DNA B » (ERGE Y NRFIY SR
KRR FGREMERERITUR A D FF IR ZERIN - $E1T PCR 2B T BRI HE b 8 E IRA 11 - 32 H]
M HFY (Aasen and Medrano, 1990; Bredbacka, 2001 ) - PCR 4 51 & He flr e S HE FAAE A
(Handyside et al., 1989 ) ~ 4/~ (Collins et al., 1995) ~ & (Peippo et al., 1995 ) ~ #i=F (Bredbacka and
Peippo, 1992) ~ % (Ford and Conley, 1994 ) Hil/\g|, (Kunieda er al., 1992) o {1 PCR 5205
TR AET TRV AT LAFLERS IR - BRI S EEH I E (real-time PCR) TLE 2 FIAE ALK E B
Y AMREERE ~ 1785 E (Ballester ef al., 2004 ) 2478 € F (Alonso and Martin, 2004 ) » %5
IRF R AT e R 1 B SRR » R dlE iR PCR AN R AU S BRI S B Dk P IR ] B i
A o ARWFFE B EH BV real-time PCR JE R 2L MR EGHHARAY 88 nT T - Sefilte—0 ¢
AR R e -

MEHERTT A

L MR8 E FAR A o LAt
(1) FLFEIMAE RS DNA ZEHY © HARIMERIFTEFA (Alpine) L SRFIREREE RN - B
A BRI B0 - FIFAEL AR DNA fifEEf (Qiagen, GmbH) MAKHAZEEAL
IV DNA - #&5#E 5% FFy PCR Z A BLRFG M BHIAR A, -
(i) ZLAFEREMIMRRAS © P EFR A 2L B R GEAE I (fibroblast) 23RBS ER - 24
() P o B PR PR 2L o B SR T 7 R BY OGRS, - T DB 1 Wi B0 T » 2l
ARHE RIS A B R RIS B A

11 S A S e

(i) PSR E s [+ (primer) : FERIATHSCIGIE .2 M08 €5 [ 1751153 3 Ry ZFX-
Sense ! 5'-ATAATCACATGGAGAGCCACAAGC-3"'Hl ZFX-Antisense @ 5'-
GAGCCTCTTTGGTATCTGAGAAAGT-3' - PCR FI|FIEL[KI#H DNA sk i ee3% 2 ALl
MR ARA o HE DA 295 8ER BERRAZ MK ( phosphate-buffered saline, PBS) & fE
BB AN 8 1 | ffEyAfRR (A7 MgClL iy 1 X PCR ZfE#K ~ 7 proteinase K 0.15 1 g/
« 1 (Roche Boehringer-Mannheim, Germany )] 2 0.25 ml {045 M THIIEAE - 64
B 56°C 30 min ~ 94°C 15 min > fxRHERF(E 4°C - PCR &% A i Cycler (Bio-Rad, U.S.
A.) » PCR FEWR P & ANERERIBRAR CERIRH DNA 43718 1 2 50 ng/ o 1 5 fafiiEkk
PHEs 1 ~ 5 i ~ 10 {EE7 20 {E ) ~ 0.4 ¢ M 5[+ ~ 10 X PCR buffer B Tag DNA 2 &7
& o PCR f6&{4- iy denaturation 94°C 3 min - PCR [ JEfEFE 25 1 1 FEMRFy 10 fEEE 2 94
°C 1 min ~ 54°C 50 sec ~ 72°C 30 sec ° 35 20 fEEZ 94°C 1 min ~ 54°C 50 sec ~ 72°C 45
sec M E101EEE Z94°C 1 min ~ 54°C 50 sec ~ 72°C 1 min > §%%%}%72°C 5 min extension ;
SERHEREI® 4°C -
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(i) BIRF G I S

1. FIJFI#®IZX PCR E#) (amplicons ) 317 real-time PCR - &/ nested PCR Z 5| » FE4143
Bk Forward primer @ 5'-AAAGCACATGCGAATCCATACTG-3' » Reverse primer :
5-TTGGTATCTGAGAAAGTCAGAAGACAAAT-3' - {#if] SYBR JEy#& Y44 - real-time
PCR f##%% 5 ABI PRISM 7900HT J&%[{EiHI5A%% (Applied Biosystems, U.S.A.) > PCR )
JEWR(H FH 25 1 1.2 1 X TagMan Universal PCR Master Mix ( Applied Biosystems, U.S.
A.)  BEEHERE Ry 100 nM - 1ff nested 5[FH2EE Ry 700 nM < JZJELL 1 1 1 ¥)KX PCR EY)
F i - real-time PCR {664k 10§82 .2 50°C 2 min ~ 95°C 10 min > [i#% 5 40 fGER.Z 94
‘C 15sec ~62°C 1 min »

2. BECHEEHES SOHE ¢ TagMan #256#E81 (Applied Biosystems, U.S.A.) Z 41k ZFY
FAM-AAAACTAAGCATAGTAAAGAAATGTCTTTCAAG-TAMRA -~ ZFX @ VIC-
AGCATAGTAAAGAGATGCCATTCAAGTGTGA-TAMRA - 5143 B VIC™ Bl
FAM™ RfEA A8 E TR ERIEREL » 0l ZEX/ZFY FERIRURLH G2 5208 - TS
SRELLFE KR S PR

(i) PR E R R AE

HeASER - ABI PRISM 7900HT FE4I{EHIR#E A Sequence Detection System (SDS)

G BT B E A2 VIC™ SR AU AIE Rellek - SR FAM™ SEBRYER L FIE Rl - real-

time PCR #& 2% H B 57 5 550 8 660 nm YD - SEEH B B LN A B MER]

AGRER P FI S H R ZLE RS (1~ 10 B 20 {E#fl) 1T PCREFEHEEED 3K - LA

TR ERAS R Z IE R B A -

L

FIRZ MBI E BARPHEE - SeEBR O R MA IR A AR B ARV - FELLR TR
ZASERAR o AWFFERER] real-time PCR S} AN A PE B B FE A 2L ALK DNA BLCHe s a2l
RN ZFY/ZFX FEK] By SYBR BLERUHRE! - $RGT real-time PCR AT AR RIHIE < 7T
71k - SABRSEE I RLAY ZL 2L IR DNA Robkil - Fo &y ZEX/ZFY 5] 1-HEFT {1 PCR AYTHSCHEY -
il RAEA A1 L B[R PR 1A DNA B ALSIHETS 450 bp i4)K PCR ZEY) (8 1) o ZREHIK PCR

3 (ng/ul) T (ng/pl)

M 50 25 10 5 1 50 25 10 5 1 Nec

1000 bp

500 bp 450 bp

L AFEPEREAFEREE (1-50 ng/ ¢ 1) ZFLFHEAH DNA ] ZEX/ZFY 5[ 1H#E{T#]K PCR Z
FEV)REVKIE © Ne Ry B ¥ » M B 100 bp #53C »
Fig. 1. The electrophotogram of PCR products amplified from different concentrations ( 1-50 ng/ (1)
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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FEVIRS R BEHGHEET T real-time PCR DUINZ VR RIS ERI /M TIE (BOREREEUR ) o FREEIKIH DNA £ i
AT I — 5 I BRSSO AP 2L BT T B 8 o REUREMEE - M3 H 23331
Fo 1~ 10 Bl 20 fEAy Rl SEAE PCR FHIE 1R - M)XK PCR AR - (2] SyberGreen HE1T
real-time PCR » f{RFEF 4] X PCRIFUARI L HIMEEAF > 2 BIEANFEEE (10-20985) HIEHPCR
FEV) < Skttt ([ 2) » ANFEMZLE ZREAAHIIECR 1 ~ 10 B 20 fi - REFESHITESS 20 K ~ 26 18
KEAH 1S RAGER ([ 2A) > SFEIIHAES 18 K ~ 26 16 KELE 15 KGR HIHL PCR AEY) . Hahdh i
([l 2B )  FEAFRITEERFTHERAFTER] ~ ARG PCR EY)EI HA H LA DNA fi#

(A) Female
Amplification plot
1.000 DNA 20 cells 10 cells 1 cell
\k \ \ - Nc
1.000 E-1 \
1.000 E-2 :
gﬁ 1.000 E-3
1.000 E-4
1.000 E-5
0 5 10 15 20 25 0 35 40
Cycle
(B) Male
Amplification plot
1.000 DNA 20cells 10cells lcell
000 E-1 A Nc
)00 E-2 ;‘
% 000 E-3
1.000 E-4
1.000 E-5
0 5 10 15 20 25 30 35 40
Cycle

2. ANEEH ZASETBHIEZ FIK PCR EY)H#ET real-time PCR ZHEIHIAR o /2245 Z b ihfR s>
BIFIERFH DNA (25 ng/ ¢ 1) ~ 20 fli ~ 10 fiif ~ B 1 fEfHEZHIK PCR ZBHGREE - Ne Jy
ERIE -

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/ 1 1), 20-, 10- and 1-cell, respectively. Nc: negative control.
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Blerhg ([E3) o BFEEL/N Freal-time PCRIMEZ TmfE AT - 4341 F580.3°C #180.8°C ([ 3A > 3B)
HEUR real-time PCR Z i3 FEY) BT R Ry B0 - ARIMER] ~ A A% H 2L EMiifc 4] PCR
Pyl TagMan BOCEREHEITHES [SELR - 720 HILL FAM™ {353 ZFY » VIC™ {E ZFX - G 28
AT FE PR AR S (6 4) © A5 RaliiofR e A S SR SR (a4 /2 Bz lE
35 MR Rk AR S SR AR PR 4 5 T Sk - DR E 2L TRy 1 -

(A) Female
Dissociation curve
9000 -1 Tm 80.3C —»
fd
7.000 E-1 AN
o 5.000 E-1
2
=
> 3.000 E-1
=
)
Q 1.000 E-1
-1.000 E-1
60.0 65.0 70.0 75.0 80.0 85.0 90.0
(B) Male
Dissociation curve
001 Tm80.8C —»
T
)00 E-1
©  00E-1
=
= f
S y
= |
) I
LA Al
[ R e
7
-1.000 E-1

60.0 65.0 70.0 75.0 80.0 85.0 90.0

Temperature (C)

3. AEBH < AFREHIEAHIK PCR RAVAEVIHURBANGETT real-time PCR (ZfiEHh#R -
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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Allelic Discrimination Plot

Mk [775777 = e e (N LS s K-S RN

ngngng

Male—»

Allele Y(ZFY)

h Female S
Ne{(D1 C

Allele X (ZFX)

i 4. AEPER R ZLEREKRI DNA BLEGHIN (1 -5 ~ 108204 ) #E47) K PCREVI MR it Bl TaqMan
BCHRSHE SR R o [ TH R BE W R Ry AN REHENAR & - A5 i B S R RER RS AR
w0 /e NEE Ne Fy BB -

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 TagMan 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.

BRI 8 E 1% 0 HRGLL PCR BB HERERTTT (Mara ez al., 2004 ) » {##fify PCR 7F S HER
AT ETIBRE IR T A FE RS R o MET IR - (25 | FERZ y Y- et e S i Bl e
TEGERUFY o R ABL 2 B RIAH DNA R EA S AU (Moore er al., 1991) » FrLAA-HY Y-
Geto e s G e 7 5 I RGEM G s rT O "R RIS E 5 | FBET - “ERRME 8 E TR ZFY/ZFX
Bl SRY JEKISE Y- Yetafafr 5 7% (Gutierrez-Adan et al., 1997; Ng et al., 1996 ) - Mara et al.
(2004) o 7 GRS MR A E L E 2 URME - Je DURS iR S AR R A = e 30 ~ 5 Bl 2
eI AR Rty © 20 BUIBE A4 Y- Beefe M 751 SRY AR MBIEYINS [+ 1.715
(SAT) (Peura et al., 1991 ) » FERAEMESRTE 91.2% - (&5 7 21 8 IVP 4 ERYBEITRE I - 2047
BIIERIZRIR B A IR ENY) - A IR TRV TR © EEITIRAUMERIEE - T BAmRUE - Dok
R HYERER R B, (Peura et al., 1991; Rao et al., 1993; Machaty et al., 1993; Park et al., 2001; Manna
et al., 2003 ) - FRYEIHEAZTEHME > BN BIRNIUSAS) - RN IVEFAT - OB
AR SO R+ e — & B E R R A AR % - PR R LR IR M e e - (RS T A
PCR M E IR - AR A I T GER] DNA B9 KM 522850 A7 348 (Bredbacka, 1998) - i85k
%Iy > W ATRERIEAN DNA K% > 1F PCR FEVIEIKIT 2B - MRRARER DNA JRE S
PCR EYAEAETTIB RS B IR e th i E - TR R ME B AR A RISE 2% PCR ) (Greenlee
et al., 1998; Le Bourhis et al., 1998 ) » Ng et al. (1996) WFEsfi=Fro MR8 E R - A Y-Yetmps
I SRY EE AR HMG box [F5lEkaETH[F » B IRE F51#% PCR $e# 8 —1% 161 bp A ERHE
Yy - EHCAS S ERUF Y - MERERIEDE RS REE RS (intersex chimeras ) HYPEH! » #E7TPCR
IAEAYESKIFH DNA JREE Ry 100 ng o FBRIREAEH 10 ng HILATER N PCR I5ER% - A REAEE 24
HIEEYI AT A - DU PCR MEFT LRSS - IR Ry AT B A BUEE M B =T s B SR
FIE -
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BB R 8 E A R BIATHY PCR > 43 ATk UM Ko =38 Fy i L BB SR RT3 - fELARERY
PCR i A&l DNA B RN » peshsR BRI ) « 25 E BRI AN RR 1T PCR 1%
BIEE - iR BB EANTRE - IS L 2BUER] (smear) BIgm itk AlE
e o Rl » BT A o U MR B S Ty R ol B RS ] B EH R HE B PO BRI - 80 PCR 50K %% -
FEVIEELTHT 30 min HYEEYKIMAT o HHFABENERE (agarose) A% A HAEBEIKRLIRILLEE (ethidium
bromide ) JETTEREHLM » FUREE AL real-time PCR i FIHY SYBR 8l —1EADEHES » HILLEE
G EGE G A o STEHE 0 real-time PCR 1438 R Tk by 73 T4 )58 By FE R B geny 8
TH » BHZEAE A SGEREIE BRI MEES R ~ Bl 85E sl 58 E (Alonso and Martin, 2004;
Andreasson and Allen, 2003 ) » FGRFR R[] 58 08 MEEGE 8434 - dE e PCRIEUEEE A E R fIRE -
[FIRF A e PR Uk Y RF T B AS > LR EAEAR - R BERIE =9 b /7 (Northern blotting )
(Ballester et al., 2004; Shitara et al., 2004; Tesson et al., 2002 ) o [K| L ARWFFLHEEET HE Freal-time PCRif
TR E TN - RERBUREZ B e A 2 2 M e B S B 2 v T -

SR E R RIZERR T PCR SFERRIF 2 AL » S [FHuAH s B - PRI E S i
AR Y- etalie ERYREMER B Py IR D [ - SBLTEME R A 1Ry PCR Y - MiEm EHA Y-
Getaiehe S BB BB IEME - i PCR EEWINIRR R Rk 5 |- FRURS & 51 » UK R PCR AW
FUTE Rl TE o SRMTHET T3 HTIRE - HE IR R Em & bk « [RILAE BB AT & iR I — AR R
X- getrfgaipage ol Lrys | FYER RSB (internal control ) » DAFE S RI#E E 2 IEHENE (Zeleny
and Schimmel, 2002 ) » Zinc finger protein ££[K| ZFX/ZFY {F PCR % » /\BdRESEE Al #g B H B —158 450
bp FEY)  ZEX/ZFY T HE AR IR SR AR 2 MR #EE (Horvat ef al., 1993) « BilL&FE
SR BHEEE 2 RENE (restriction fragment length polymorphism, RFLP) » [ ZFY/ZFX {4 PCR &)
DU ERIRR RO E] - s e R e U E 67 B B S R U BB TR vk s A i P BB E W AR S ] -
JRAJHEF ZFY/ZFX 51317 nested PCR » S35 B8 @ kG A Ry 855% (Aasen and Medrano,
1990 ) - Aasen and Medrano (1990) JEF] ZFX Eil ZFY 5|17 PCR MR E » 43RS 445 Hil 447
bp EEY) o NBLREEZ PCR JFrBeRGE Psl FRTEIMGUIEIRR - ARUBSRIAE 4 103 J 344 bp —feefrEe
I REY PCR ZEVIIRIR R Pstl i YINT » A —RAEY) - SEVk R i BR SR T FIE RS R « B4 - IR
ATHEFIFEBUERE DIG (digoxigenin) —EEEEE] » #lll ZEX/ZFY 7F PCR A& vk B -

BT A9 ZFY/ZEX 5[ F 741 » 1 PCR FHICHE BN A B REERY BEIRIAH DNA gt
BB — 166 450 bp HYEEY) - LLAEWIIHCR BT T real-time PCR Z FRETHES ST 8 Bk g P31 -
HJFHEAER ZFY/ZFX B RIAER R Ei = 52 - ROEERE T T4 SORER ] v Ut i e Ak o 1
A o EEITEIYIIER TR E T - B AYRZERTIN S H A SRR G » Rtk - MEpI#oE R e
T DRI R AR o, e A TESE Y (primer extension preamplification, PEP ) ( Chrenek et al., 2001;
Sermon et al., 1996)  Z % FF|H nested PCR #5555 € ELK (Lien et al., 1999) » A H RN PCR &
FEELYE o JE M real-time PCR U OEIRENEITILERIMERISE T - R EGAI8EREr (Morin er al.,
1999) » PREMREPEBAFELIFY - K5t PCR HEMER G RS 43 MR I MR iR ZUR A R P E KB - 40T
A AT - PCR £ Br g R o] FIFEE B R 2Rk $Emhanill B Bl o A 8eR - Ak
FHEA TR T AR BLR 5 (Virta e al., 2002) « ZRWFFEHEN] real-time PCR #E1THAHIME
AT - FEREUR > AR E Ry 10 SEIIDL L > 08 2 HERESR TSEE] 100% » B —3EHH
JEES TP 1 T IR o MERE SR T DUE R 22D 80% = (Kl » AGAEE AR A FL - R AT v B R FIE AR
minZ PERITT AT AT T VRS » ALK T PCR SERURIMAERERY /TR IR - BAREFIR IR R
EL RG]
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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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