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Abstract The purpose of this study was to develop individual goat identification and paternity DNA
testing methods to eradicate the illegal distribution of goats and goat meat and maximize the effects of
goat improvement through scientific pedigree management. To reduce goat allele discrimination errors
and increase the reliability and accuracy of the analysis, 15 new goat individual identification genetic
markers consisting of 3- and 4-repeat microsatellite loci (KCH004, KCH006, KCH015 KCH027, KCHO047,
KCH067, KCH086, KCH114), KCH117, KCH121, KCH122, KCH134, KCH153, KCH165, KCH212) were
developed. As a result of performing muliplex polymerase chain reaction (PCR) microsatellite genotyping
on 96 goats using the selected 15 loci, a total of 54 alleles were found, and it was confirmedgthat each
locus had an average of 3.60 alleles. The polymorphism information content (PIC) value, which is a
measure of polymorphism and information power of markers, ranged from 0.090 (KCH153) to 0.545
(KCH121), and loci KCH006, KCHO15, KCH114, and KCH121 had a PIC of 0.35 or higher. The average
PIC value of all 15 markers was confirmed to be 0.28, and it was verified that there was a polymorphism
as an individual identification marker. Using the developed markers, the genetic characteristics of native
black goats (Dangjin, Jangsu, and Tongyeong lines) and five foreign breeds (Alpine, Boer, Nubian,
Saanen, and Toggenburg) were analyzed. The heterozygosity of the genetic markers was measured. The
expected heterozygous ratio was found to be within the range of 0.167 (Nubian) to 0.467 (Boer), and
the native black goat had values of 0.393 (Dangjin), 0.415 (Tongyeong), and 0.437 (Jangsu). The analysis
of the affinity relationship between native black goats (Dangjin, Jangsu, and Tongyeong) and the five
foreign breeds was performed by estimating the genetic distance based on specific allele frequencies. It
was found that the genetic distance between the native black goat and the Boer population was the
closest and it was farthest from Saanen. It is believed that the 15 markers developed by confirming the
genetic differentiation patterns of goats can be used not only for individual identification and paternity
genetic identification but also for goat genetic diversity and related relationship analysis.

Keywords : Goat, Microsatellite Marker, DNA Identification, Paternity Test, Genetic Distance
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2.3 Multiplex PCR =3 ! genotyping

Template DNA(10ng/ul) Gulo] 15%9 Primer
(Forward/Reverse, 10pm/ul)E 2z} 0.2ul¥ EF5}
1! 10x reaction Buffer(genetBio, Korea) 5ul, 10m
dNTP(GenetBio, Korea) 4ul, HS Taq polymerase
2.2ul A7} &, & &5 25ul0] HEE SFLE 2U)5)
At GeneAmp PCR system 9700(Applied Biosystem,
USA)7]71& o]-83to] Multiplex PCRE $8st9i0H,
PCR ZZA2 pre-denaturation(lcycle); 95C/15min
— 1phase(Ocycle); 94C/40sec-61C/40sec-72T/1min
— 2phase(5cycle); 94T /40sec-60T /40sec-72C/1min
— 3phase(25cycle); 94T /40sec-59C/40sec-72TC
/1min 23R vA|LO R 65T /30min TH+E] ®F
SAIFTE PCR 4SS 1:80 HIEE I4A71 & 1ul&
PCR 96 well plate©] #55}1. Hi-Di™ Formamide
(Applied Blosystems, USA)2} standard
(GeneScan™ 500LIZ®; Applied Biosystems, USA)
100:1 ¥]&2 &t mixture ulE H7I8t] & 10ul
9] 9hgEC] HESE W ¥, Septa® PCR plated
sealingot™] 95TCol|A] 587t denaturation AIFTh. ¥k
5°] B plateE B2 420l chilingste] AFsA71A
GENAA] ABI 3500xl genetic analyzer(Applied
Biosystems, USA)SZ HAI# A7|F5S 3t H
GeneMapper v.6.0 software(Applied Biosystems,
USAYE ol&st /AL B=stoirh
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Microsatellite Toolkit software[10] %)
A& AATst] locus E HHFAAY 42 FFA
Hr(allele frequency), WZolPHTE(Observed
heterozygosity), 7|tlola@8ek&(Expected heterozygosity)
12|31 PIC(Polymorphism Information Content)S
AMESHITHE. 11.

|

n
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2 AT
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Where, n @ number of alleles
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Pi * Pj : frequency of ith and jth alleles
HetE : expected heterozygosity
PIC : Polymorphism Information Content

A 7 FATA B4 99) (1119 S A2 &
DISPAN packagel12]& ©]-85}1% Da genetic distance
£ 24319131, Neighbor-Joining method[13]5 &3
A 719 44 AglE ZAZ 3 phylogenetic tree
£ sttt

=

24

=

=}
=
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3.1 Microsatellite Toolkit 248
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SSRome Databaseo|A] E11d F4 294A oA
(13,5827H) FollAl 1X4H 22 3uHE, 4491= 0bA (5,830
ME st H, 2 GHA W 999 A, SHAES]
7], 9 aste] 22pH 08 wEAQR207NE
A, ZF opAEL PCRE $335l0] 4AA 5=
o5 7tEA FF KCHO004, KCHO006, KCHO15,
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KCH117, KCH121, KCH122, KCH134, KCH153,
KCH165 KCH212, & 15 &9 29144 viAE A
St99cHTable 1] Ad A+ G4 HAH AHEH
4 3AE9 FRFkd) 105, FrSk) 957, 535kt
0%, YFEZEQ YRI(a) 6%, Eol(b) 20%, FHISH
(n) 2%, Aoll(s) 205, EARZA() 205, F 965
AP E multiplex PCRY} HARY 2719 2 GeneMapper
v.6.08 A8l tHAE tigRdHallele) Bl
O} =(Ho), 7IHe188E=(He) ¥ PIC(Polymorphism
Information Content)}g Z7sto] 7RA4E 2 ARzt
H uAZA H3E Tkt

% 15%9] microsatellite lociolA & 54719] t¥
A allele)7t HAEI o™ B 3.60719] HE-F-4
g 7HE Ao& FRIFI. 244 uHAE o
Sto] A 544 A2(genetic distance)E FHL
o @R (standard error)& £°17] Ylix+= HHEF+H2k
9] 57} Ha 474 oVgd AL ARISHATH14,15]. e W
71t olgHeE(He)2 0.068(KCHO86) ~0.632(KCHI21),
FZ0|g&(Ho)}2 0.069(KCHO86) ~0.931(KCH114)
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Table 1. List of 15 microsatellite markers

Repeat

Marker Chr* unit Dye Forward primer (5' --) 3") Reverse primer (5' --) 3")
KCHO004 10 TGC FAM GTCATCCTTTCAGCTCCTTTCT GTATGGGGTCGCACAGAGTC
KCH006 10 AAC VIC CTGTTTCTCCTTCCCACCCC GAATCCTTAAGAGGGGCCCG
KCHO015 10 ATAG NED ACGCTTCAATGACACCAGGA AAAAGGGCTCTCGTGATCGG
KCH027 10 TAG FAM GGGCTGCCATCCATAGGATC CTCATGACTCTCCCCAGGGA
KCHO047 10 AGC NED GCTACAAGTCAGGCACGACT AGGGCCCCTCCTTCTTCTAG
KCHO067 10 ATGG FAM TTTCTCACGCTAACCCCGTC AGAATCCTCTGGCCAGGACT
KCHO086 10 TGC FAM TGTCCTTCAATGCCACAGGG CCAGGTGCTGAGAGTTTACGT
KCH114 2 GCT VIC ACAGGAAGTATGAGGGGGTCA TGGAAAGTAGCCCACACAGC
KCH117 2 GCAT NED GGTAGAGTCTGCCTGCAGTG GTCGCAGTCAGTCAGTCACA
KCH121 3 TATC VIC CCCACATGCAATGCAACCAA TCATCGCTGACCTGTGTTTGT
KCH122 3 TTCA VIC GGCTGGGCACTTTCTCTCTT AGCTGAGAACACTGAGGCAC
KCH134 6 GTG NED CCAGAGGTGTGGAGCATCAG AGTAGCTGTTCGCACTTCCC
KCH153 11 AGC PET GCAGATGTTCCACACCAGGA GGCTGGGGCAGATGACATAG
KCH165 15 CAGG PET GTAGCTGAAGTGCTCCCCTC AAGGGGACAACGCAGAGAAG
KCH212 26 AGG PET CTGGACCTGGTGAAAGTCCC CAGCCCAATCTGTCCTGGAG
* Chr @ chromosome number

Table 2. Number of allele, Product size(bp),

Expected heterozygosity (He) and Observed
heterozygosity (Ho) within population for

15 microsatellite markers

Num. of Product

710l gt ulA(reasonably informative)® e
tH16l. A& FoolA ol8H =A uAES] PIC
2 KCH121(0.5457F 7P¢ =% 1 Qo=
KCHO006 KCHO015, KCH1147} H4 0.35 ©]49] PIC
#*E 7HoH, UHX mpAEL 0.052~0.350 Ate]<]

ke allele sy M T PIC %412 Uehict. 94 87 55 PIC BEE 2
KCHO004 3 138-147 0.396 0.543 ore m zojul(0.331)0] 7F} =L ZHe KT, Hu|ot
KCHO006 3 143-149  0.432 0.344 0.102)0] 7F¥ 2 kS Hglon] A § Z=o| PF
KCHO15 7 129-165 0530  0.537 2o 027601900 AEAL AAES wEl Eeiz
KCHO27 2 195230 0216 0.208 = Y Ll THs o= Fv oo
KCHO47 4 220241 0373 0.426 (0.313). 8==(0.304), 9%=(0.295) «°= B+
KCHO67 5 282-318  0.390 0.376 PICE ol4S EQY 9= 5FF9 Hd PIC 2
KCHO86 2 373-392  0.068 0.069 0.2602.2 AAt=|dtHTable 3]. AtEo R thh @G
KCH114 3 222-243 0533 0.931 PIC 39 ¥l E Ao &89 39, 45HE 294
KeHI7 2 373395 0200 0.161 A vtAQ] thgg/gdo] 29HE Z2Q4dA] upAe Hls| R,
KCH121 8 293-321 0632 0.667 2 Ex o|fE TAEBO] ol MK 29 A
KCH122 3 374-394 0282 0252 oz xamn

KCHI134 2 307-319 0.251 0.275 =

KCHI53 3 6142 0102 0.105 71E9] A4 A A " A A1 29184
KCH165 4 159-183 0344 0337 THAEL 8 25HE 29194 vhASoloA FAxE
KCH212 3 318-327 0412 0.383 AAA stutter @A L 2bpE QIS HLAR B

29197 o) e WSk HEes PICH
F2 ol 8¥=H] PIC 3] 0.500 0432l A% T Aol

e e

3T

informative) 9JAZ|H, 0.25~0.50 Al°]

Aog [EA0]

0
T

oA Z(Highly

oA A9 Apg3t
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Table 3. Polymorphic information content(PIC) value of 15 microsatellite markers in 8 goat populations

Populations*

Marker Mean
AL BO KD KJ KT NU SA TO

KCHO04 0.141 0.305 0.372 0.441 0.441 0.305 0.174 0.238 0.302
KCH006 0.424 0.369 0.222 0.489 0.239 0.000 0.527 0.555 0.353
KCHO15 0.239 0.611 0.247 0.569 0.468 0.305 0.545 0.558 0.443
KCHO027 0.000 0.288 0.090 0.239 0.239 0.000 0.247 0.305 0.176
KCHO047 0.346 0.276 0.492 0.178 0.569 0.000 0.288 0.288 0.305
KCHO067 0.505 0.310 0.436 0.099 0.099 0.000 0.675 0.506 0.329
KCH086 0.000 0.365 0.000 0.000 0.000 0.000 0.048 0.000 0.052
KCH114 0.477 0.410 0.375 0.375 0.375 0.305 0.375 0.374 0.383
KCH117 0.000 0.000 0.305 0.362 0.239 0.000 0.048 0.288 0.155
KCH121 0.272 0.660 0.554 0.603 0.611 0.305 0.665 0.686 0.545
KCH122 0.000 0.410 0.492 0.178 0.544 0.000 0.129 0.090 0.231
KCH134 0.368 0.375 0.000 0.000 0.000 0.000 0.342 0.374 0.182
KCH153 0.141 0.090 0.090 0.000 0.178 0.000 0.129 0.090 0.090
KCH165 0.535 0.164 0.222 0.468 0.286 0.000 0.398 0.214 0.286
KCH212 0.000 0.000 0.534 0.553 0.404 0.305 0.372 0.359 0.316

Mean 0.230 0.309 0.295 0.304 0.313 0.102 0.331 0.328 0.276

* AL: Alpine, BO: Boer, KD: Korean Dangjin, KJ: Korean Jangsu, KT: Korean Tongyeong, NU: Nubian, SA: Saanen, and TO: Toggenburg

E4 # o B 29

A4 87 FY] f1A g B4 floto]
& digeAxte] 4= 9 o] HEE-E Microsatellite
Toolkit softwares °©]-&sto] AH&Estitt. AASHL
Jetoll A S8EE digfae] 47 33 A% 2.33,
A5 A% 2.40, B9 A% 24008 UERGY, JFF
FAge duol 2.00, Ko 2.53, FHIQF 1.33, Afojull
2.67, EARE3 26002 Uehgtt o= 7+ 5 A
o] 37171 2R Ao 7|Q1st Ao Z Koy E3] ME
9] =7} 105 olsiQl uIQk, LRl o] did -4zt
S7} o2 ol vjsf dAfs] W 2 FRI 4= Ql5itk
a7 Fke] A 4= 2.67(SA)~1.33(NU)
£ 7K A0& Y, B Y584 = 2.28
N2 vepgteh

UurE o Z FHH thFdS EAok=t qlo] 294
A AR ARSH] flsiAE olF-EEC] 0.3~0.88
Z=gojof 3=d|[17], B AFoME E4 25 7Y
ol HIES Ht 0.3440]1 A 0.167(NU)°A] =]
I 0.394(TO)Q] X5 HGtHTable 4]. AHEAA 3
Aol 7d olFFTES 0.369(KD), 0.373(K)),
0.383(KT)o=2 AA =EE9 B+ 0.32550E &
2 0.3759] Bghs HolA Q=E5o] vls] dizo
2 O¥go] 2 Aoz B & ok
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Table 4. Genetic diversity; Sample size, number of
allele, Expected Heterozygosity(Exp Hz),
and Observed Heterozygosity(Obs Hz) in 8
goat populations

Sample

Population size No Alleles Exp Hz Obs Hz
AL 6 2.00 0.294 0.322
BO 20 2.53 0.379 0.467
KD 10 2.33 0.369 0.393
KJ 9 2.40 0.373 0.437
KT 9 2.40 0.383 0.415
NU 2 1.33 0.167 0.167
SA 20 2.67 0.393 0.430
TO 20 2.60 0.394 0.363

ARhEE A0} oS 7o) $44 AV Yotu
71 st AAEEE FH(10), FEF09), TBF0)

9 Q5EF LTRI6), HoI(20), FHISKH2), Aokl
(20), EAREAQ0), T 9655 WIOE o] A4S
AAeH9EE MS toolkit software 404 FL3iA Da
genetic distance matrixs DISPAN ZZ 0] =¢]
slo] 4 AE Aklolo] ol A2 Neighbor-Joining
methodE 53t Phylogenetic treeE ZHJsIAH.
RSB 4 3ATT I=EF STEHY 744 2
BAE Uehls NJ Phylogenetic treess A3
OH[Fig. 1], ASLYHCE A BAE B4 o

A
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Table 5. DA genetic distance matrix estimated from the frequencies of 15 microsatellite

goat populations

loci among the 8

AL BO KD KJ KT NU SA TO
AL
BO 0.2914
KD 0.3581 0.2337
KJ 0.4508 0.3159 0.0873
KT 0.4261 0.2206 0.0243 0.0691
NU 0.2955 0.2763 0.3703 0.4040 0.3238
SA 0.1042 0.1932 0.2407 0.2634 0.2202 0.1458
TO 0.1322 0.1577 0.2552 0.2470 0.2313 0.1406 0.0112

AL: Alpine, BO: Boer, KD: Korean Dangjin, KJ: Korean Jangsu, KT: Korean Tongyeong, NU: Nubian, SA: Saanen, and TO: Toggenburg

F%(degree of confidence)s WEFHE= bootstrap
values=  1,0003]9] §HE AEZ Sof WEE2A4 7+
cluster®] FAe] #7]1=3dct. A=A o 719
FHH Age AeST 345 12 0.087, 595
1% 0.024, 35T A5 0.009°0.2 AjHE A4
He FAR0E 7k Jdo s HPESL

Tt FRF0| FARCE Hp ke AEoE 1
on, FeE5d FREE AASHL HetolA
A ZATAE Btk g=ESolAe ¢
Q1o] 0.451(8%), 0.426(8-F%), 0.358(F71=) 2
2 Ag=dh Y K448 Azt 7P Elok 1o
Hsf| HolF2 Af=d4h TI95F JdT9] /44 A=
7F 0.221% 7P 7Pk Ao UepthTable 5).
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Fig. 1. NJ Phylogenetic trees showing the genetic
relationships among 8 goat populations
based on DA genetic distance. The numbers
indicate bootstrap values in percentage
after 1,000 resampling.

kj : Koran Black Goat(Jangsu), kt : Koran Black

Goat(Tongyeong), kd : Koran Black Goat(Dangjin), b : Boer

Goats, n : Nubian Goats, t : Toggenburg Goats, a : Alpine

Goats, s : Saanen Goats
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