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Abstract : The objective of present study was to ascertain genetic diversity for cattle parentage testing. A
total of 59 random cattle samples(29 Korean native cattle and 30 dairy cows) were genotyped by using
11 microsatellite loci(BM1824, BM2113, ETH10, ETH225, EH3, INRA23, SPS115, TGLA122, TGLA227,
TGLA53, and TGLA126). This method consisted of multiplexing PCR procedure and showed reasonable
amplification of all PCR products. Genotyping was performed with an ABI 310 genetic analyzer. The number
of alleles per locus varied from 5 to 11 with a mean value of 6.73 in the Korean native cattle(KNC), 4
to 9 with a mean of 5.91 in dairy cows(DC). Expected heterozygosity was ranged 0.534~0.855(mean 0.732),
0.370~0.866(mean 0.692) in the KNC and DC, respectively. PIC value was ranged 0.485~0.821(mean 0.684),
0.336~0.834(mean 0.640) in the KNC and DC, respectively. Of the 11 markers, 7 markers(ETH10, EH3,
INRA23, SPS115, TGLA122, TGLA227, TGLA53) and 3 markers(INRA23, TGLA227, TGLA53) have
relatively high PIC value (>0.7) in the KNC and DC, respectively. The total exclusion probability of 11
microsatellite loci was 0.9997 and 0.9991 in the KNC and DC, respectively. These results present basic
information for developing a system for parentage verification and individual identification in the KNC and
DC.

Key words : Allele, Korean native cattle, microsatellite DNA, parentage verification
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ÖÒ¾¢öB ÒG>� ®º �Ö(Korean cattle, Bos
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 [1, 3].

1985j '�~ Jeffreys � [15]ö ~� human genome

~ myoglobin geneöB �æ� F*¶ ²*¢ B�Î²

¾Òf Southern hybridizationö ~� 
;W� ®º ©

b� rJæ�B Ò²j ��� &¦ª~ ÿböB DNA

>&öB~ BÚ�ê 5 �¶{�� &Ë~² >î


[4, 10, 11, 12]. &¦ª~ �&öBº '�~ �F� F
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�~� ®
. &»~ ��� º�>º &Ë
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 [7].

&»~ .Û��j *� BÚ�ê�¾ �¶6;"

&NB "�'� V»j �� .BB~� ;ã~�¶

Î� &�'� �B �²�Bº �BÿbF*�²

(International Society for Animal Genetics: ISAG)& Ú'

>� ®
. � �²º '�~ 6;VFj Ëç�Ê� �

&z�ÊV *� ÏjB� ²¢ j�~� 
·� ®«

ê� �Bjvÿ;�þ(International Comparison Test) 5

workshopj 
�~� ®
. ß® �"öº ª¶�b�

~ .¦� B*b� DNA ªCVF� BBNö V¢

DNA >&öB~ F*¶; ªC·ë� �B® ê¯>�

®º 
;�
 [2].

�Wî~ 
;f F*¶ çö z�>Ú ®æò F*

¶ÚöB �Wî~ ;�¢ ��~� ®æ pº intron ¦

*¾ F*¶��~ jz� '�öº >�V�~ >�>

& 
� 
;� �Ò~º ©� rJê �¾ *Ò �Ï

>� ®º &�'� DNA typingf microsatellite DNA

typing _f short tandem repeats(STRs)�
. Microsatellite

DNA typingf 7�Î²�ê>w(Polymerase Chain

Reaction) VFj �Ï~� .�j ��~� �;çb^

�¾ Î"b�¦V áf 'f ·~ DNA�ê ªC� &

Ë~² >Ú Ò²j j�~� 
·� ÿböB ª¶ F

*�' ßû ��ö wÏ~� ®
 [5].

²~ �¶6;j *� microsatellite DNA typingö &

�Bº �� �¶
 [1, 3, 12, 14]ö ~� ô� ��>

îb¾ �&zB marker¢ &çb� ��B Ö"º �

~ ìº 
;�
. �� Vã~ö *Ò �&öB ºêz

¶ ~º ÿbG~ öÖæ �� � ²~ .Û��ö &

� V.¶ò¢ {�~�¶ �Öf <²¢ &çb�

microsatellite DNA typingö &� Ö"¢ ��~º :

�
.

Òò 5 O»

��Òò

�ÚöB ÒG7� �Ö 29vf <² 30v � Îv

59v¢ &çb� ~&
. Òòº ²~ ã;�b�¦V

Heparin Â2(Becton Dickinson, USA)¢ �Ï~� j.

� .�öB DNA¢ ºÂ ;B~� ��Òò� �Ï~

&
.

(FOPNJD %/"~ ºÂ

Genomic DNA~ ºÂf Wizard ÊÞ¢ �Ï~&
.

*. 3 mlf cell lysis solution 9 ml¢ Î&~� çNö

B 10ª ÿn shaking�Î ê 3,000 rpmöB 10ª ÿn

ö�ªÒ�B W.�¢ B�� .�j B�� ê nuclei

lysis solution 3 mlf protein precipitation solution 1 mlj

b�~� 3,000 rpmöB 10ª ÿn 
� ö�ªÒ~&


. � ê isopropanol 3 ml¢ b�� ê 3,000 rpmöB

1ª* ö�ªÒ~� isopropanolj B�� 
r 70%

EtOH 3 ml¢ b�~� 30ª ÿn shaking �Î ê

3,000 rpmöB 1ª* ö�ªÒ~º ";j 2-3² >��


r 70% EtOH¢ B�~� j*® ���Î ê DNA

rehydration solution 250µl¢ IÚ 65oCöB 60ª*

incubation �Î ê 4oC cold chamberöB overnight >w

�B DNA¢ ºÂ~&
.

%/" .BSLFS F; 5 1$3

DNA; ªCj *� ²*º StockMarks kit(Applied

Biosystems, USA)j ÒÏ~� B�Ò~ protocolö V¢

DNA¢ Ã�~&b� ÒÏB markerº Îv dinucleotide

repeats�B Table 1ö ¾æÚî
. Multiplex-PCRf

GeneAmp PCR system 9600(Applied Biosystems, USA)j

�Ï~� ¯~&b�, PCR ��f b& 95oCöB 10

ª* &�~� æWj Fê~� 94oCöB 45.*

denaturation, 61oCöB 45.*~ annealing �Ò� 72oC

öB 1ª*~ extension~ 3�ê� 31² >�~&b�

72oCöB 60ª* final extension" 25oCöB 2�* ÿn

final stepj 
�~&
. PCR ê DNAº 2.5% agarose

gelö *V'ÿ~� Ã�Öbj {�~&
.

.JDSPTBUFMMJUF %/"; ªC

Ã�B DNAº F*¶; ¶ÿªCV(ABI Prism 310

Genetic Analyzer, USA)ö ~� *V'ÿ~� ¦ÂB '

F*¶²~ &ãF*¶º GeneScan Ver.2.1(Applied

Biosystems, USA)b� ªC� ê Genotyper Ver.2.5

(Applied Biosystems, USA)¢ �Ï~� ' markerê &

Table 1. Characteristics of 11 microsatellite markers used
in this study

Marker Fluorescent dye
Expected allele
size range(bp)

BM1824
BM2113
ETH10
ETH225
EH3
INRA23
SPS115
TGLA122
TGLA227
TGLA53
TGLA126

NED
FAM
FAM
NED
NED
JOE
FAM
JOE
FAM
FAM
JOE

170 - 218
116 - 146
198 - 234
136 - 165
90 - 135

193 - 235
235 - 265
134 - 193
64 - 115

147 - 197
104 - 131
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ãF*¶~ �V(bp)¢ Ö;~&
.

ÛêªC

Microsatellite DNA; ²*~ &ãF*¶ Â*nê¢

º;~� �¢ Æ&� �;7�W(Het), 
;;�ï(PIC)

�Ò� ¦²¦;N(PE)¢ Cervus Ver.2.0 programj �

Ï~� ÖÂ~&
 [16].

Ö "

�Ö~ NJDSPTBUFMMJUF %/";~ F*¶ nêf

F* æ�W

�Ö 29vö &� microsatellite DNA;~ F*¶ n

êf F* æ�Wj �Ò� Ö"º Fig. 1" Table 2ö

B �º :f ?� &VB &ãF*¶~ >º 5~11B

(ï� 6.73B)� ¾æÒ
. Markerê &ãF*¶~ nê

º BM1824 ²*º 180 bp(0.5690), BM2113 ²*º

136 bp(0.4483), ETH10 ²*º 216 bp(0.3276), ETH225

²*º 138 bp(0.6552), EH3 ²*º 116 bp(0.3267),

INRA23 ²*º 204 bp(0.3276), SPS115 ²*º 243 bp

(0.3448), TGLA122 ²*º 141 bpf 149 bp(0.2241),

TGLA227 ²*º 82 bp(0.3103), TGLA53 ²*º 156 bp

(0.2931), TGLA126 ²*º 117 bp(0.6207) &ãF*¶&

&Ë ¸f nê� &V>î
. Expected heterozygosity

(HE)f PICº '' 0.534~0.855(ï� 0.732), 0.485~0.821

(ï� 0.684)&b� 11B marker¢ ��� ¦²¦;Nf

0.9997� ¾æÒb� 7B marker(ETH10, EH3, INRA23,

SPS115, TGLA122, TGLA227, TGLA53)öB PIC 0.70

�çb� &V>î
.

<²~ NJDSPTBUFMMJUF %/";~ F*¶ nêf F

* æ�W

30v~ <²ö &� microsatellite DNA;~ F*¶ n

êf F* æ�Wj �Ò� Ö"º Table 3öB �º :

f ?� &VB &ãF*¶~ >º 4~9B(ï� 5.91)�

¾æÒ
. ²*ê &ãF*¶~ nêº BM1824 ²*º

188 bp(0.4167), BM2113 ²*º 132 bp(0.5167), ETH10

²*º 216 bp(0.5333), ETH225 ²*º 142 bp(0.4333),

EH3 ²*º 114 bp(0.5000), INRA23 ²*º 208 bp

(0.3500), SPS115 ²*º 243 bp(0.7833), TGLA122 ²*

º 141 bp(0.4000), TGLA227 ²*º 92 bp(0.2333),

TGLA53 ²*º 156 bp(0.4167), TGLA126 ²*º 117 bp

f 119 bp(0.3833) &ãF*¶& &Ë ¸f nê� &V

>î
. Expected heterozygosity(HE)f PICº '' 0.370

~0.866(ï� 0.692), 0.336~0.834(ï� 0.640)b� ¾æÒ

� 3B marker(INRA23, TGLA227, TGLA53)öB PIC

0.70 �çb� &V>î� 11B marker¢ ��� PEº

0.9991� &V>Ú �Ö�
º Ô² &V>î
.

� V

&»~ .Û�� 5 {��¾ ËK¦;�ö j>'b

� º�>º �¶6;�¾ BÚ�ê~ öÒº &ãF*

¶¢ ¦Î�¦V >>O bJ Aº
º ~�~ F*·

�ö V�� ®
. ��� O»f "� .�;('.��

ö;" .��Wî;)6;j �Ï~&b¾ �"öº ª

¶�b�~ B*ö ¾«Ú öj j�~� &¦ª~ ÿ

böB F*¶; 6;j �Ï~� ®º 
;�
 [8]. &

»~ �¶{�ö ÒÏ� > ®º microsatellite DNA

typing kitf ²¢ j�~� B [13], ö [9]j &çb�

Applied BiosystemsÒöB B·~� 6
>� ®
. �


 kitf �â®ö PCR� &Ë� multiplex PCR O�b

�B ÒÏ� *Þ~� �*� .£Nb� ôf 
þ


öB �Ï~� ®
.

�BÿbF*�² ² ª"*ö²öBº ²~ �¶6

;j *� �B�²¦Ò�Ïj ö~ ãÖf îR&æ�

Fig. 1. Electropherogram of TGLA53 microsatellite marker
in the Korean native cattle using the ABI PRISM 310
Genetic Analyzer.
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Table 2. Gene frequencies, heterozygosity, PIC value and PE of 11 microsatellite markers in the Korean native cattle

Marker
No.

of alleles
Allele (gene frequency) OHet EHet  PIC PE*

BM 1824
BM 2113
ETH 10

ETH 225
EH 3

INRA 23

SPS 115

TGLA122

TGLA227

TGLA53

TGLA126

5
5
6

5
6

7

6

10

8

11

5

178** (0.0345)
124(0.0690)
206(0.0172)
222(0.2241)
136(0.0345)
114(0.2414)
126(0.0862)
196(0.0862)
208(0.0172)
243(0.3448)
255(0.1552)
133(0.1379)
149(0.2241)
76(0.1379)
96(0.0517)

150(0.0345)
168(0.0862)
184(0.0172)
117(0.6207)

180(0.5690)
130(0.0345)
214(0.2586)

138(0.6552)
116(0.3267)

198(0.0517)
212(0.2241)
245(0.0172)

139(0.1034)
151(0.0517)
82(0.3103)
98(0.0862)

156(0.2931)
170(0.0172)

119(0.1379)

182(0.2414)
132(0.2241)
216(0.3276)

140(0.0862)
118(0.0172)

200(0.0345)

247(0.0862)

141(0.2241)
159(0.0345)
84(0.1379)

106(0.0345)
160(0.0690)
174(0.0517)

123(0.0690)

184(0.0172)
134(0.2241)
218(0.1207)

142(0.0345)
122(0.2759)

204(0.3276)

249(0.1552)

143(0.1552)
163(0.0172)
92(0.0862)

164(0.1724)
176(0.1552)

125(0.1552)

188(0.1379)
136(0.4483)
220(0.0517)

144(0.1897)
124(0.0517)

206(0.2586)

251(0.2414)

145(0.0345)
165(0.0172)
94(0.1552)

166(0.0862)
178(0.0172)

127(0.0172)

0.517
0.690
0.655

0.345
0.793

0.759

0.655

0.655

0.517

0.414

0.655

0.608
0.705
0.771

0.534
0.761

0.777

0.780

0.855

0.837

0.851

0.577

0.544
0.644
0.718

0.485
0.705

0.727

0.731

0.821

0.802

0.818

0.528

0.350
0.447
0.533

0.307
0.516

0.547

0.552

0.682

0.657

0.682

0.345

Mean 6.73 0.605 0.732 0.684 0.9997***

*OHet:Observed heterozygosity, EHet:Expected heterozygosity, PIC:Polymorphic information contents, PE:Exclusion probability
** Allele size(bp)

*** Total exclusion probability

Table 3. Gene frequencies, heterozygosity, PIC value and PE of 11 microsatellite markers in dairy cows

Marker
No.

of alleles
Allele (gene frequency) OHet EHet PIC PE*

BM 1824
BM 2113
ETH 10

ETH 225
EH 3
INRA 23

SPS 115
TGLA122

TGLA227

TGLA53

TGLA126

5
5
6

5
5
6

4
6

9

7

6

178** (0.2333)
122(0.1333)
210(0.0667)
222(0.0833)
134(0.1000)
114(0.5000)
198(0.0167)
212(0.1333)
243(0.7833)
141(0.4000)
161(0.0167)
82(0.1500)
94(0.0500)
154(0.0833)
164(0.1667)
115(0.0333)
125(0.0167)

180(0.2333)
124(0.0833)
212(0.0333)

140(0.0333)
116(0.0333)
200(0.1333)

247(0.1333)
143(0.0500)

84(0.1500)
98(0.1667)

156(0.4167)
166(0.0167)
117(0.3833)

182(0.1000)
132(0.5167)
214(0.2000)

142(0.4333)
122(0.0833)
204(0.2333)

249(0.0167)
147(0.2333)

88(0.0333)
100(0.0333)
158(0.2167)

119(0.3833)

188(0.4167)
134(0.1333)
216(0.5333)

144(0.3500)
124(0.2333)
206(0.1333)

251(0.0667)
149(0.2833)

90(0.1000)
104(0.0833)
160(0.0333)

121(0.0500)

190(0.0167)
136(0.1333)
218(0.0833)

146(0.0833)
126(0.1500)
208(0.3500)

151(0.0167)

92(0.2333)

162(0.0667)

123(0.1333)

0.667
0.767
0.767

0.700
0.733
0.833

0.367
0.333

0.767

0.467

0.833

0.722
0.684
0.667

0.683
0.676
0.782

0.370
0.714

0.866

0.751

0.696

0.662
0.638
0.620

0.614
0.619
0.735

0.336
0.649

0.834

0.704

0.628

0.466
0.454
0.438

0.417
0.426
0.558

0.193
0.447

0.702

0.525

0.431

Mean 5.91 0.657 0.692 0.640 0.9991***

*OHet:Observed heterozygosity, EHet:Expected heterozygosity, PIC:Polymorphic information contents, PE:Exclusion probability
** Allele size(bp)

*** Total exclusion probability
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9B microsatellite marker(BM1824, BM2113, ETH10,

ETH225, IMRA23, TGLA122, TGLA126, TGLA227,

SPF115)¢ æ;� : ®
. J [3]f �B�²¦Ò�Ï

8Bö &� typing Ö" �Ö 5 <²öB '' 4

(TGLA227)~8(TGLA122)B, 3(TGLA126)~9(TGLA122)

B~ &ãF*¶ >¢ ��~&� Han � [14]f �Ö

öB 6(BM1824)~13(TGLA122)B¢ ��� : ®
. 6

f � [1]f 6B~ microsatellite markerö &� typing Ö

" �;îWj �ÖöB 0.690b� ��� : ®
. �

��öB &VB &ãF*¶ >º �Öf <²öB '

' 5(TGLA126, BM1824, BM2113, ETH225)~10

(TGLA122)B, 4(SPF115)~9(TGLA227)B& ¾æ¾

J [3]~ Ö"fº FÒ~&b¾ Han � [14]~ Ö"

(TGLA122 13B)�
º '² &V>î� �ÖöB �;

îWf 0.732� &V>Ú f � [1]~ Ö"(0.690)�
º


² ¸² ¾æÒ
. 6� &ãF*¶~ �Vf nêö

B J [3]� ��� ©"º ôf N�& �;>îº�

�º �B'� �&z& ;ã>æ pf Ö"� ÒòB


. ö~ ãÖê ¦Ò~º 
þ
î
 &ãF*¶~ �

V& 
² N�& ®b¾ &ãF*¶~ �Vö V¢ '

^ r2ÙBb� ««»� �&z>Ú ®Ú '�~ 


þ
î
 ÿ¢� �òö &�Bº ?f Ö"& êÂ>

� ®
 [17]. �f ?f J~¢ �²z~V *�Bº �

BÿbF*�²öB "&~º International comparison

testf FÒ� National comparison test¢ 
�~� &ã

F*¶~ ««ö &� �&z& ��Ú^¢ � ©b�

ÒòB
. 

J [3]f microsatellite 6Bö &�B Ú^� �B Ç

jæ¢ &çb� �¶6;j 
�� Ö" &ã;î
�

¦Î�¦V ;{~² F*>º ·çj {�~� ~�~

F*»�ö V�
� � : ®b� 6� �Öº �æÖ

(Yanbian)f wÎzÖ(Japanese Black Wagyu)fº � V

ö� ÿ¢� ©b� ��� : ®
. ��¾, �b� �

ÚöB ÒG7� �Ö¢ &çb� ;{� êÛ 5 vª

j 2k~V *�Bº z ôf microsatellite markerf


·� ®«~ �ò¢ &çb� ��~�¢ � ©b�

ÒòB
.

Ö �

�ÚöB ÒG7� ²(�Ö 29v, <² 30v) 59v¢

&çb� 11B~ microsatellite markerö &� DNA

typingj 
�� Ö�f 
r" ?
.

&ãF*¶~ >º �Öf <²öB '' 5~11B(ï

� 6.73B), 4~9B(ï� 5.91)� ¾æÒ
.

Markerê &ãF*¶~ nêº �Öf <²öB ''

BM1824 ²*º 180 bp(0.5690), 188 bp(0.4167), BM2113

²*º 136 bp(0.4483), 132 bp(0.5167), ETH10 ²*º

216 bp(0.3276), 216 bp(0.5333), ETH225 ²*º 138 bp

(0.6552), 142 bp(0.4333), EH3 ²*º 116 bp(0.3267),

114 bp(0.5000), INRA23 ²*º 204 bp(0.3276), 208 bp

(0.3500), SPS115 ²*º 243 bp(0.3448), 243 bp(0.7833),

TGLA122 ²*º 141 bpf 149 bp(0.2241), 141 bp

(0.4000), TGLA227 ²*º 82 bp(0.3103), 92 bp(0.2333)

TGLA53 ²*º 156 bp(0.2931), 156 bp(0.4167), TGLA126

²*º 117 bp(0.6207), 117 bpf 119 bp(0.3833) &ãF

*¶& &Ë ¸f nê� &V>î
. 

�ÖöB expected heterozygosity(HE)f PICº ''

0.534~0.855(ï� 0.732), 0.485~0.821(ï� 0.684)&b�

11B marker¢ ��� ¦²¦;Nf 0.9997� ¾æÒb

� 7B marker(ETH10, EH3, INRA23, SPS115, TGLA122,

TGLA227, TGLA53)öB PIC 0.70 �çb� &V>î

� <²öB~ expected heterozygosity(HE)f PICº '

' 0.370~0.866(ï� 0.692), 0.336~0.834(ï� 0.640)b

� ¾æÒb� 3B marker(INRA23, TGLA227, TGLA53)

öB PIC 0.70 �çb� &V>î� 11B marker¢ �

�� PEº 0.9991� &V>Ú �Ö�
º Ô² &V>

î
.

^�^ò

1. ffããCC, êêææ**, ��cc��. Microsatellite ªCj Û� �
Ö~ F*' 
·W. ��ÿb¶ö"�²æ. 2001, 43,
599-608.

2. ææ��&&. Microsatellite¢ �Ï� �Ö~ F*' 
·
W ªC 5 �¶6;ö &� ��. ��&�v &�
ö ;Ò�*¢^. BÞ, 2000.

3. JJvv��. �Ö~ ª¶F*�' ßW �«j *� F*
' 
·W ªC" Gî&N �æF*¶BB. �J&
�v &�ö ;Ò�*¢^. BÞ, 2002. 

4. Alford, R. B., Hammond, H, A., Coto, I. and Caskey,
C. T. Rapid and efficient resolution of parentage by

amplification of short tandem repeats. Am. J. Human

Genet. 1994, 55, 190-195. 

5. Bowling, A. T., Eggleston-Scott, M. L., Byrns, G.,
Clark, R. S., Dileanis, S. and Wictum, E. Validation

of microsatellite markers for routine horse parentage

testing. Anim. Genet. 1997, 28, 247-252.

6. Chae, Y. J., Lee, B. C. and Lee, H. Paternity test in

dogs by DNA analysis. Korean J. Vet. Clin. Med. 1998,

15, 274-278.

7. Cho, G. J. and Cho, B. W. Validation of microsatellite

markers for routine canine parentage testing in Korea.

Korean J. Genet. 2003, 25, 103-108.



292 �^ÒÁ·'êÁ�^{

8. Cho, G. J., Yang, Y. J., Kang, H. S. and Cho, B.
W. Genetic diversity and validation of microsatellite

markers for Jeju native horse parentage testing. Korean

J. Genet. 2002, 24, 359-365.

9. Dimsoski, P. Development of a 17-plex microsatellite

polymerase chain reaction kit for genotyping horses.

Croatian Medical J. 2003, 44, 332-335.

10. Ellegren, H., Johansson, M., Sandberg, K. and
Andersson, L. Cloning of highly polymorphic

microsatellites in the horse. Anim. Genet. 1992, 23,
133.

11. Fredhol, M. and Wintero, A. K. Efficient resolution

of parentage in dogs by amplification of microsatellites.

Anim. Genet. 1996, 27, 19-23.

12. Glowatzki-Mullis, M. L., Gaillard, C., Wigger, G.
and Feies, R. Microsatellite-based parentage control in

cattle. Anim. Genet. 1995, 26, 7-12.

13. Halverson, J. L. and Edwards, J. W. Microsatellite

polymorphism in dog breeds-the AKC parent club

study. Proc. 27th ISAG Conf. Anim. Genet. 2000, 19.

14. Han, S. K., Byun, H. D. and Chung, E. Y. Genetic

diversity analysis and parentage control in Korean

native cattle using microsatellite. Proc. 27th ISAG Conf.

Anim. Genet. 2000, 88.

15. Jeffreys, A. J., Wilson, V. and Thein, S. L.
Hypervariable minisatellite regions in human DNA.

Nature. 1985, 314, 67-73.

16. Marshall, T. C., Slate, J., Kruuk, L. and Pemberton,
J. M. Statistical confidence for likelihood-based

paternity inference in natural populations. Mol. Ecol.

1998, 7, 639-655.

17. Tozaki, T., Kakoi, H., Mashima, S., Hirota, K. I.,
Hasegawa, T., Ishida, N., Miura, N., Choi-Miura, N.
H. and Tomita, M. Population study and validation of

paternity testing for Thoroughbred horses by 15

microsatellite loci. J. Vet. Med. Sci. 2001, 63, 1191-

1197.


