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Sex Determination of Hanwoo IVM/IVF Embryos by PCR
Cho, E. J, D. H. Park, C. K. Park, H. T. Cheong, C. I. Kim and B. K. Yang'

College of Animal Resource Science, Kangwon National University

ABSTRACT

This study was performed 1) to establish the optimal PCR condition of sex determination in Hanwoo
IVM/IVF embryos, 2) to examine the sex determination and sex ratio to the developmental stages of
Hanwoo IVM/IVF embryos by two-step PCR method.

The sexing of bovine IVF embryos were accurately determined by PCR methods using Y
chromosome specific DNA primer(BOV 97M, 141bp) and bovine specific DNA primer(216bp). The
fregment size were shown at 141 and 216 base pairs(bp) in male, and 216 bp in female. Two-steps PCR
method in which the samples were amplified by 15 cycles with Y chromosome specific DNA primer
and then amplified by additional 30 cycles with bovine specific DNA primer was effective in the sexing
of bovine IVF embryos.

The zona-free embryos were more effective than zona-intact embryos in bovine IVF embryo sexing.
The appearance of Y chromosome specific band was 45.2% in embryos treated with protease K and
53.3% in embryos treated with freezing and thawing repeatedly. The optimun volume of DNA for sexing
of Hanwoo IVF embryos were 2 to 10 xl in zona-free embryos and 12 to 13 «1 in zona-intact embryos.

The sexing rate of bovine IVF embryos by PCR was 96.0% and questionable rate not identified sex
was 4.0%, respectively. Among the sexed embryos, the percentage of male and female was 49.7% and
46.3%, respectively, the sex ratio was 1: 1.1. The successful rate of embryo sexing was increased to

the developmental stages.

(Key words ; PCR, embryo sexing, Y chromosome specific DNA primer, Bovine specific DNA
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A AFAA E49(King, 1984), X-linked
enzyme activity 2% ¥ (Williams, 1986) 2 H-Y &
A o] & ¥ (Wachtel, 1984 ; White 5, 1983) £9] o]
SHI oy IR 7ETH B Ae] LR
W H]Lo] vt FAREE A vk ES
olF 7l AWEY AgErt 54 ¥, AU
" FAge] AEL] ol AL3}e} AYH o]
of FAFE 7ML stk o) 2 FAEE 8
A7) st FZol= PCR(Polymerase Chain
Reaction)7| ol &t S & Aod Wio] §
o] AF7x 3 UrHBradbacka =, 1996 ; Carvalho
=, 1996).
PCR 7| & o] &% & A Wi

chromosome specific DNA primer& o] &3t 43
oA 8 IR &7 B AA5H S DNA

TY QA4 W 54 FEE SENA AT B
B PCR 718S ol &8¢ AW PEE o
el Hlsl A&sty JHA sRwe Je B
B e B ok Aud § #4394
A= A P don, PCRIHE ©]48
B 71EE &, AG R HA TF 22 M5F
A 5

Sii} PCRo] &) HEE e BIAuiTH PEae)
2AHo) ANE L 9ow,
B Qo) $ORE B A7t AT oI
.

2 oATE AN EE AY SAT Aud 3

W T Mg &R ASEA e F 2

I. Mz H Uy

1. LR Y=, Mol O A2fuf

¢ dx @] Aeud g AYFBLE F F
(1997)9] el F3td AAISATH

7heF3] QorstH, R A B gy b
A£F AYAUE 2 F, 730 2~Tmmg] U
2 BE G¥TE 38t TC-1999) 10%2] -5
E A (fetal bovine serum, Gibco)#} 2 2 (FSH 0.5
pg/ml, LH 0.5 £ g/ml ¥ estradiol 1 g g/ml)o] &5
A ERAA 20~2247F A5udE AA
a5tk

AAFHE $AYAL §3417 F Brackettst
Oliphantyl] 9F o8 (BOu] %Y, 1975)s 10mM caffeine
of B4E YT BY, QAL A ¥
7} 25X 10°A A myp HEE AARGAS 2
vatgeh AYsAYe BOw gl 20 pg/ml
heparin®} 20 mg/ml BSA(Sigma)S H7iste] A=
& F AL AN AT w g
9] caffeine, heparin, BSA @ AR o] HZFE= 5
mM caffeine, 10 xg/ml heparin, 10 mg/ml BSA 2}
125 x 10°4x/ mlz Z233shdch

Ay & Aad AYFATLE A5y F
40~44 27k FTHEE A A% F CRjaac] 10%

Table 1. Oligonucleotide sequence and fragment size(base pair) of bdvine specific and Y

chromosome-specific DNA

Pri S nce Fragment
rim
er equenc size(bp)
Bovine specific 7 5-TGG AAG CAA AGA ACC CCG CT-¥
216

(Plucienniczak 5, 1982)

5'-TCG TCA GAA ACC GCA CAC TG-3'

Bovine Y chromesome(BOV9I7M)
(Miller$} Koopman, 1990)

5'-GAT CAC TAT ACA TAC ACC ACT-3

141

5'-GGC TAT GCT AAC ACA AAT TCT-3'
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FBS, 1 ng/ml PDGF 2 2.5 mM taurine2 &7}l
W= A olul okl 3 39°C, 5% 0.9 5% CO, 24
SH 2~87F MBS AATHA AE FET
A A 24 7] ~hatching ¥j¥tE)L A F o
FEaA:

2. 2 £0|H primer ¥ Y FMH FK0|H primer
of M=

B Ao AL A& Eo]Z3 DNA primer
(bovine specific DNA primer)9} Y G244 5o)3
DNA primer(bovine Y chromosome specific DNA
primer; BOV97M)+ Bioneer(3h=)o] €2 3te] A
Zslgon, 7} primere] DNA G714 Ea A7
Table 13} ch

3. DNA &
1) ZHe I A =5
& - «1 AR o] A ok 10m14 AEL
AR = 3000rpm°i 4CoA 587 QAR

(Backman, England)3}<d buffy coatZ —EE] et
28 buffy coatZFE] genomic DNA F&
phenol& ©] &3l Sambrook 5(1989)2] Wl o
st AAISHA T
229 buffy coat2HE] DNAE $£3 5 9
ZR52 HHstal ALo)N 24N PG
& 4CoA BA3AA Aol ALt

FRE gudd gi pRed gesmos
A S o]&3le) DNAE FE3ch
F4%9 DNAE FZs17] A3l FHui7t A7
®  embryonic cell& 1XPCR buffer(Promega,

USANE 29 MAEg F, 10 pl8] BFTHF7T
=70 0.5ml eppendorf tubeZ &7l F AAAL
(-196C)o FH3se FAsL F2FX(37C)
A g3ste FAS 33 WEF tE 100C]
A 387 boilingdtyl 37CellA v 3E7F AA
A7l AAE 33 uHEst DNAE F& 83t

T3} proteinase Kol 218 Y Eo0]% DNA band

o ¥R —v} 3’4"]5}7] -.43}04 FHyE A A
TR PBSE AHF F 0.21 pg/ ¢l proteinase
K7} £ gl—t— 0.5ml tube®2 &7 F 56Col|A 1

s 3o

4. PCR =2

TR AL G99 genomic DNAE FZA7]7]
e FAE 2 Y PMA Eo|3 DNA primer
(BOVIIM)S} 4 Eo]3* DNA primerE thermal
cycler(GeneAMP PCR System 9600, Perkin Elmer,
USA)E AHE3t 25 A8

PCR 4F-2-o8 & Pre-mix(Bioneer, &-=)& Al-4-3}
go1m, 0.5ml PCR tubed] EBIE A A3 +F
T AF 2pl8 0pl, FHAHE AAFA F2
FABY ASE 12419 1319 DNAE #H7}3)
, 89 genomic DNAE 50 ng(2 )& A7MsH4
A8 primerE 2zt 25, 50, 75 2 100pmole
9 Ha SFFE JE 20017 HA ZA

o R

Table 2. Thermal conditions of PCR amplification for sex determination of Hanwoo IVM/IVF embryos

Cycle Steps Temp. Time No. of cycles
First cycle Denaturation 94°C 5 min 1
Denaturation 94°C 30 sec
Subsequent cycle Annealing 56°C 30 sec 15, 30
Extension 72°C 30 sec
Last cycle Extension 72°C 10 min 1

—-301-



6}04 vortex mixerZ PCR ¥I-g-o-& ¢
% 12,000 rpmo} A 10~30%7F YA
Llase i 7“;‘4’\]'5&‘3}

5. PCR 289

PCR w30l
agarose gelolA A7)
gy, A7|YFo] By gelEL ethidium bromide
(10 mg/ml, Sigma)Z FA3}a UVArelA bandE
Felsk it

m. #@2 % D&

1. Bt M sH e
=

Aegde A4S WEsH] He & 54
DNA primer$} Y 44 £o}7# DNA primer2 4
g4 4E AEE 5 ‘Rlv‘:" & gdstr] 93t
AA9t F4ho A FZ% genomic DNAE
S%% A< Fig 134 2t

Fig. 1¢] Yebd nise} 7ro] Lane 12
DNAZ Y g4 %)% DNA primerg ZZ &

HEEE 98t PCR =

0/\4 go}!

M M
———— A
216bp —» e B
141bp —p

Fig. 1. Agarose gel electrophoresis of PCR

products amplified with bovine Y
chromosome-specific DNA primer
(BOVI7M; 141bp) and bovine specific
primer(216bp)

M : DNA size marker( pUC1&/Hae IO)

Lane 1 ! Y chromosome-specific DNA
primer(BOV97M ; 141bp)

Lane 2 specific DNA
primer(216bp)

Lane 3 : Male(141bp, 216bp)

Lane 4 : Female(216bp)

Bovine

A3} 141bpol| A A &3] band7} VEFES ™, Lane
= 4 Eo|4 DNA primerE £ZA7 oz
216bpell A band7} A E AT} Lane 33 45 F4
94. ol A~ z‘aong genomic DNAE A& Eo]x% DNA
primer$} & Y @44 Eo0|2 DNA primerE £
A7l F ZZA7 AFEA Lane 32 141bpet
216bpol| A} band7} A E o] A2 FQIEo
), Lane 4= 216bpoll A band7} YEh Ao =2
A=A
2 AFdAM AMET Y HMA BolZ DNA
primer$} 4= 590]2 DNA primerg o} &3 349
Ao} 40 genomic DNAE £4¢ A5 %9
ol A3 dXx|sted o] 5 DNA primer7}t & # 9
FAZY Al A Ao T VYelygon o
A9 Asbs 2 Eol% DNA primers} Y A1)
£-0]% DNA primer7} &A1 ol AM+= 141bp$} 216bp
oM, A E 216bpol A So]F band7} e}
B} 7 B 7% Miller9t Koopman(1990), Utsumi$}
Iritani(1993), Appa Rao 5-(1993) 2 2(1997)] 2
Fot dAjste AFE AUtk
Two-step PCR Wl o 2 A AdeAde] Ag
HE AAE A, A 5o]A DNA primer?] okt

M1 2345617 38M

216bp —p
141bp —p

Fig. 2. Two-steps amplification of genomic DNA
by bovine specific DNA primer (25~100
pmole) and Y chromosome-specific DNA
primer (25~100 pmole)

M : DNA size marker (pUC18/Hae ]]])

Lane 1 : Combine primer(25pmole) ; female
Lane 2 : Combine primer(25pmole) ; male
Lane 3 : Combine primer(50pmole) ; female
Lane 4 : Combine primer(50pmole) ; male
Lane 5 : Combine primer(75pmole) ; female
Lane 6 : Combine primer(75pmole) ; male
Lane 7 : Combine primer(100pmole) ; female
Lane 8 : Combine primer(100pmole) ; male
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Table 3. Effect of zona pellucida of bovine IVF embryos sexing by PCR

Zona No. of Male Female Questionable Sex ratio
pellucida embryos (%) (%) (%)
+ 113 27(23.9) 83(73.4) 32.7) 03 : 1
- 596 300(50.3) 273(45.7) 23(3.0) BER
Y @A So]2 DNA primere} o] Ao w 200pmole °]/Fe] Rk RI(L, 1997)8h=
& AFE Fig 29 2th Y 94 # 5013 DNA tha Aol AU
primerE 15 cycle2 FZA|7l & 4 507 DNA wEs B Ao A4 & o, Y GA4A S0l
primerE 30 cycle® FZA|7|7, pr1mer4 =L E % DNA primer(141bp)¢} 4 Ho]% DNA primer
25pmole) A 100pmole 2 @A H o8 WIS + (216bp)Z PCR ZZA] primerd] Ex& 7zt

A9 PCR 4ES Ve = primerd] & A¥ 25pmoleo] st o H, 25pmoled] Y FAH &
& A3}, Lane 13} 29 25pmoled] & 503 DNA o]Z DNA primerZ 15 cycle ZEF g,

primers} Y HA1H) Eo0]3 DNA primers &4 25pmole®] 4 E-0]Z DNA primerZ 30 cycle %
7 combine primerg ©]-§3st] A9 His £3 3= two-step PCRE A A= Zlo] A9 Hoz
BE FEINN AP A7 R B &E band FRATY] AEF dudd Agsvy Asdd
7b YEE T PCR 7|9 98 & AT JiA &7
4 Eo| & DNA primer(216bp)$} Y F44 4 o] Hije] EHE Table 30 okalgth
# DNA primer(141bp)2 €317 ¥ PCRE ¢ & Table 30] UEhd ule} o], EmE A A3
gt} FEE A7 A 349 DNAYE Qolx A T4 Hzona-free) FHUE AAMA B 4
71%9& At 141bpe] Y A 5o}& DNA band&= Z(zona-intact) & o} Ll AHMEL F3F A
Holz] ¥v 97t Wob oA g2 2771 AEAFTEE 47 97.3%9} 97.0% R 25, Aol
w37 = dcKunieda 5, 1992 ; & 5, 1993). HBEE X &2 questionable &S 717t 2.7%9} 3.0%
web A AuES A8 Y GAA ol B2A T A7l A 2olrt B HA &
DNA primerg %ol 1282 FZA %, & 5ol SYTH(P>0.05). Teu AT 234 Al 3ol
DNA primerE g o] 2i} ZZA]|7]& two-step PCR Ae EdUE AASA & F7103 103, &
& Aok 20 B FAU JWEA AE o) AAEE 11 12 el B0 E A A
3 ARE 48 & Uk A L FoA gAY M| ¥ A2E UE
FRT AL AFs W] s 8 Rk
g 714 DNA9| &2 Hiuxwt thd Zpolrt Fuller 5(1993)2 A% FHe A+4
N2} Sng ot E dehdol HA ol inner HARAM FERE FAT B e, T FA
primerg ¥} 1% PCR—E- AABL oA outer Lo o)BEdo| £ Fd BHEol g7 P&
primerE ¥o] PCR& AAlstE two-step PCR o PCRel| 93t oAl S R/E 7IAE & A28

Mol FATe FWEA A AAE de F E FHUE 7 Re] AAs| ok A& AE A4

Ath= B E(Bradbury &, 1990 ; Kunieda %, 2 92 4 uT RIEgEY, B A9y A3
1992 ; 2, 1997)5 & Ad9] Axrt dX&d = Fuller $(1993)8) B39} Xt AL B
o th

I3y 49 genomic DNASH AT AL 7 olArel Az g E w) AuEA EuU)E x) 78}
2a7] A8 AHSRE primers) g2 H 100~ A 2 A% Euyel Bol3le A4 dPAE
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Table 4. Effect of Proteinase K or freezing and

specific band appearance

thawing treatment of bovine IVF embryos on Y

No. of Y chromosome specific

T t . b
reatmen No. of embryos DNA band appeared(%)
Proteinase K 42 19(45.2)
Freezing & thawing 30 16(53.3)

Table 5. Effect of DNA concentration in bovine IVF embryos sexing by PCR

Zona DNA No. of Female Questionable .

. Sex ratio
pellucida con.( ul) embryos (%) (%)

- 2 468 241(51.5) 214(45.7) 13(2.8) I.1:1

- 10 128 59(46.1) 59(46.1) 10(7.8) 1.0 1

+ 12 47 5(10.6) 38(80.9) 4(8.5) 01 :1

+ 13 47 11(23.4) 33(70.2) 3(6.4) 03 :1

T FYCE JEH3A o] BEHA gg Mot
Yk A ARAZETAZ Ee R A E)9
FHFOLE AAo) gol VYehtE Aoz Azt

Y @A 5olH bande} Edol| t)d genomic
DNA$] 3% 2] proteinase K9} WHE F2 g3 29
o thdt ZaHE Table 40 8.3

Table 40]] UEld vFe} Zko] proteinase K %] 8]
o] 23l DNAE FZ% F genomic DNAE
PCRE ©] &3t FEAZ A5} Y 44 Solg
band®] &8 -2 45.2%(19/42)91 0.1, HtE =485
WS ol &3 AFE 53.3(16/30) )

Avery 5(1992)3 Fuller $(1993) proteinase
K Az & 32 278 Aol 4T dupdy A
F=E =9 Fo BIF ¥bd, Valdivia S
(1993)3} Machaty 5-(1993)2 proteinase K 22§}
o] sy g FAHG Bl o
DNAE SEAIAL FA4T AuE e A &
T AT Baste, B Age] Aaet A5
o
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Y e oA ¢ ASE AztHEr

PCR 71yl 93 A AT AiEa
DNA ¥E7F A#Eo) vx= ZAF}E Table 50
Lokaigih

Zona-free 3 T2 embryonic DNA FX=7}F 2 ¢l
S 10p1d A Awigs AFANE AR
97.2%9} 92.2% 2 1.1 : 13 1.0 : 124 g3+
o] Akt Apol7b YA S M, zona-intact £ T
12 x19} 13 £128] DNAE #H7bste] £4 8 A, A
HE &7 A8 = 91.5%9 93.6% % 0.1 : 13}
0.3 : 12| zona-free AT AFe} Zro] X
20 AT Fol7k UehA] wkth

Gutierrez-Adan  5(1996)2 nested-PCRES 53§
Al Hefof A= 20 nge] genomic DNAZF ¥ 2313,
FA T M= 20 pge] DNAS o] &39S o A&
5l e BAE  dUTT BHudte] E A7)
AZH ke A2 ke DNAZE 288 A0 F et
v B AEAE ta Aolst A3E EAth
2 439 A34=2 & o, zona-free P2 A
ol 2 ¢12) DNAV}, zona-intact A 2e] A
£ 12 £1€] embryonic DNA H7}E Adgo] 71
$7 A8 Aoz vepgo
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B hatching 15 14 o

Sex ratio

Fig. 3. Sex ratio of bovime IVF embryos by
PCR at developmental stages

2. & ATl U oo mE YErd

PCR 71l 28 AT dadrd w
2 FATY dwE Ade Fig 33 2

2-, 4-, 8-, 16-A| 7], 27} A, Fadul, 27
B{ Rk, wiukE 2 hatching Wi¥IE7] F£A ke A
HH82 Zhz} 92.6, 94.2, 95.8, 93.9, 94.8, 97.0,
100, 100 3 100%9 42-& dUoH, M4 A#
H NTEL 96.1%(573/596)8 2, AHEE 5
AE questionableS- 3.9%(23/596)u k. FH A
I A FETAE s 1.0~13 11
A & @AY Ak zpolrt AR HA ek

Berg 5(1992)2 WS&THE o] £ ol
Ag ¢ A3, Ao Aduldls Wsyt ATl
B39, Carvalho 5(1996)2 ®wrE Al ubr)
ta OE AuE UEid ) gl Aee
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M12345678910M

216bp —p
141bp —p

Fig. 4-1. Agarose gel electrophoresis of PCR
products amplified from bovine IVF
embryos at various developmentai
stages
M : DNA size marker( pUC18/Hae III)
Lane 1, 2 : 2 cell(male, female)

Lane 3, 4 : 4 cell(male, female)
Lane S5, 6 : 8§ cell(male, female)
Lane 7, 8 : 16 cell(male, female)
Lane 9, 10 : early morula(male, female)

M 12 345678M

216bp
141bp

Fig. 4-2. Continued
M : DNA size marker( pUCI18/Hac [II)
Lane 1, 2 : Morula(male, female)
Lane 3, 4 : Early blastocyst(male, female)
Lane 5, 6 : Blastocyst(male, female)
Lane 7, 8 : Hatching(male, female)

i
K3
Fd
32
=

7] ~hatching ¥ ¥FE 7))ol w2 Anlo= ActH
ol 7k AR HA gotet.
TEGA o} W2 AYFAe] PCR 45 A
7195 WELE g A Fig 49 2o
LETA ] @E A 5 H(2-H] £ 7] ~hatching
Wi rE NS A 249 embryonic DNA2] PCR
AHE-E agarose gel F71FTHHLE I A,



Table 6. Sex determination of bovine IVF embryos with different culture days at various

developmental stages by PCR

Day after  Developmental No. of Male Female Questionable Sex ratio
IVF stage embryos (%) (%) (%)

2 cell 38 18(47.4) 17(44.7) 3(79) 111

2 Da 4 cell 27 14(51.9) 12(44.4) 1( 3.7) 12 :1

Y 8 cell 45 20(44.4) 21(46.7) 4( 8.9) 1.0 : 1

16 cell 18 7(38.9) 9(50.0) 2(1L.1) 0.8 :1

2 cell 16 9(56.3) 6(37.5) 1( 6.2) 15:1

4 cell 25 11(44.0) 12(48.0) 2( 8.0) 09 :1

3 Day 8 cell 17 8(47.1) 9(52.9) 0( 0) 09 :1

16 cell 21 11(52.4) 8(38.1) 2(9.9) 14 :1

early morula 35 19(54.3) 16(45.3) o 0) 12 :1

8 cell 25 14(56.0) 10(44.0) 1( 4.0) 13 :1

4 Day 16 cell 21 10(47.6) 10(47.6) 1( 4.8) 1.0:1

early morula 30 16(53.3) 11(36.7) 3(10.0) 15:1

8 cell 7 3(42.9) 4(57.1) 0o 0) 0.8 :1

5 Da 16 cell 13 5(38.5) 8(61.5) o 0) 0.6 :1

Y carly morula 16 8(50.0) 6(37.5) 2(12.5) 13:1

molura 15 7(46.7) 7(46.7) 1( 6.6) 1.0 ;1

16 cell 9 4(44.4) 5(55.6) 0 0) 0.8 :1

6 Da early morula 15 6(40.0) 9(60.0) o 0) 0.7 :1

Y morula 25 13(52.0) 11(44.0) 1( 4.0) 1.2 .1

early blastocyst 13 9(69.0) 4(31.0) 0 0) 2201

morula 26 13(50.0) 13(50.0) 0 0) 1.0 : 1

7 Day early blastocyst 32 17(53.1) 15(46.9) 0 0) 11

blastocyst 41 20(48.8) 21(51.2) o 0) 1.0 :1

% Da blastocyst 37 19(51.4) 18(48.6) o 0) 11

Y hatching 29 15(51.7) 14(48.3) 0 0) 1.1:1

Total 596 296(49.7) 277(46.3) 24( 4.0) 1.1 :1

73 141bpst 216 bp2] bandE UEHR L, A4 218 43S 4k
& 216 bpoll A bandE e &3 Aol el xﬂ-ﬂ*ﬂ T 29dol AAtd 2-, 4+, 8- B 16-A X
=ik 7] AT AWELE 77} 921, 963, 91.1 B
AdeA F Agudriziel wat Add d& 88.9%% UEhoH, Ay & 39d AArd
SAE AAsgBe g oo ARE 2-, 4-, 8-, 16-A| 7] 2 Z7]34Au 7] FA AN
Table 6} Q°oFatgich = 7}z} 93.8, 92.0, 100, 90.5 2 100%2 Le}sith
Table 60 Ltehch 2z gol, M) AwEee A5 F 4ol 4D 8-, 164%7) B 2
o

96.0%% 2, Aol FolEx &2 questionabled &
4.0%= Yeisod, Audd A £y Ay
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2-, 4-, 8-, 16-M E7] B Z773Au 7] FA e A
= 7+z} 93.8, 92.0, 100, 90.5 2 100%E YJETE

A=A F 4o AArd 8-, 16-4 27 L =
7)Ade 7 A e Aed AAE 4T 960,
952 2 90.0%2 Jeigon, HeFA F 54
AR 8-, 16-A 7], 7] Aau] 9 Adu)o] A
B &S zHzk 100, 100, 87.59 93.4%E JEHY
th AYFA F 6Uols 16 Ty, X734 7,
A7) 2 Z7\RbE7] $ATY HAWEEE
100, 100, 96.0 2 100%E JeWon, Ag+3
% 793 8Uof Aatel winkE o} hatching ¥iWhE
7] FABAME 100% JHE JHE A

A A FAT WG HE ARiE 2,
3,4,5 6,7 2 84} Zhzh 11, L1 11,13
LO9:1L,11:1,1:1 % 11:12A AA $HS
of Aul= L1 1o]ATh

AW T A FAS A AoAM wWE
FEEE S FETY 80 e BRI B
O HValdivia =, 1993 ; Yadav 5, 1993), Grisart
5(1993)2 A3 ¥ 6~9U7A A Lgujckat 4
Tl W&ol Mdujels ol # JAdite] gtk
3 &oh

2 Age A3, Ay $AEy w8
o et g FUtEdeH, 58 Y
717k wWE WA 7k Ayl A
ARHA %Skt

N. 2 ¢

7 AFE 3 ATy Agd AR
98 PCRY ARZAEL AEHUIL Y GMA
o]Z DNA primer(BOVITM ; 141bp)e} & E
DNA primer(216bp)E ©]-&3%F 24 PCR W
2 AYgFATe] A& GE JUEEd
g AE3Ih

PCR 71 & o] &% 3¢ Ho4H e
< Y @4A EolZ DNA primerst & Hol¥
DNA primer2 &3] A4S WHE = UAYow,
4 FAEY A% 141bpst 216bpe) X} band 7}
YENEY, A FA el AL 216bp Al band 7t

2 o = g
ox o & Jn e

it ox
S
2
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vtttk

g AYFATY Ay AU JELE
71 {lstel Fwdie] AAL &
DNA F&Wyd & Y ol b
2382 Proteinase K&} 98 E= A gs)do) Zt
7} 452 9 533%E ERsTE DNAS] ol o
AeEg2 zona freeQl A9 2x19F 10 plofA
247} 97.2%%} 92.2% 121, zona intact®] A4
1219 13plaidE ztzh 91.5%9 93.6%ZEAM
zona free AT AL 2 ul, zona intacte] 7%
1319 DNA %o Ayio] 7Hestdth

&H, PCR 7Y} 98 &9 AgFAHe] A
HEEE 96.0%F o, AEFS) HJwEe T ©
£ HEE 40%Ath AuE FE8Y A &
Ao H]&L 46.3%9} 49.7%EA AHE 1.1 : 19
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