’Zd Korean Journal Of Agricultural Science

L)

Check for
updates

& OPEN ACCESS

Citation: Kang HC, Kim KW, Kim EH,
Myung CH, Lee JG, Lim HT. Genetic
diversity and relationship analyses of
the Korea native black goat line using
microsatellite markers. Korean Journal
of Agricultural Science 48:693-702.
https.//doi.org/10.7744/kjoas.20210058

Received: July 29, 2021
Revised: August 31, 2021
Accepted: September 02, 2021

Copyright: © 2021 Korean Journal of
Agreultural Science

This is an Open Access artidle

av_Ne distributed under the terms of
the Creative CommonsAttribution Non-Commerdial
License (http: //creativecommons.org/licenses/by-
Nnc/40/)which permits unrestricted nor-commerdial
use, distribution, and reproduction in any medium,
provided the original work is properly cited.

ANIMAL

Genetic diversity and relationship analyses
of the Korea native black goat line using
microsatellite markers

Ho-Chan Kang', Kwan-Woo Kim?, Eun-Ho Kim?®, Cheol-Hyun Myung’, Jung-Gyu Lee"?, Hyun-Tae

Lim™*’

"Institute of Agriculture and Life Science, Gyeongsang National University, Jinju 52828, Korea

’Animal Genetics Resources Research Center, National Institute of Animal Science, RDA, Hamyang 50000,
Korea

*Department of Animal Science, Gyeongsang National University, Jinju 52828, Korea

"Corresponding author: s_htim@gnu.ac.kr

Abstract

The aim of this study was to analyze the genetic diversity and distance of the Korean native
black goat line. Thus far, this Korean native black goat line has not been studied intensively,
especially in genetic diversity and relationship studies in comparison with other breeds. In
total, eleven microsatellite (MS) markers were used to evaluate alleles from 391 Korean native
black goats and foreign hybrid animals. The genetic diversity index was evaluated based
on the allele distributions. Four Korean native black goat lines showed expected ranges of
observed heterozygosity, expected heterozygosity, and polymorphism information content
(PIC) values for use in genetic diversity research (0.509 - 0.643, 0.434 - 0.623 and 0.356 - 0.567).
Lines from the Korean native black goat and foreign hybrid were clearly separated according
to principal coordinates analysis (PCoA), phylogenetic tree and tended to be clustered in
each Korean native black goat line. Thus, this study can be used for analyzing the genetic
relationships between Korean native black goats and foreign breeds for line preservation and
for fundamental information to determine breed improvement strategies.

Keywords: genetic diversity, genetic relationship, Korean native black goat,
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Introduction

Fae 19 A Agorjotoll A ZhEshe vt sE 8 Al A AlAIA oz GA 22
sk 317, AL 71 |, i, A8 5 bRt AR 0] o] 8= S 23 7FEo|t(Porter, 1996;
Zeder and Hesse, 2000; MacHugh and Bradley, 2001; Suh et al., 2012; 2014; Park et al., 2019). =W
AP ae] 7ol gk a1k FA= FHe 4= QAT AR 732 2,000 A RE]

SHIFE o) A AF2-E] QITHTL 7] 2 5] 0] 9)ThSon, 1999; Kim et al., 2019).
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=

20079 S=7 3 ot A1 (Interlaken declaration)] A|A| 3542 (Global Plan of
Action, GPA) 3 0]%, =7} Al 550 FRAA o] Bf= Ako 2 IAE Q17| w2l A7 F-a4Hd &
Hol Fo/do] ZREHA 1§ FF0| AP S4BT ofl et ZAMIESH BA4S o] -85 A oA,
B 2309 fdvA 5 /A4 & w5t A7 thgsHAl R = AL Qth(Suh et al., 2015; Yang, 2018; Park
etal, 2019), 12|30 o]k Aol FHAAO) S Tt oS TAR o WY S EAE HEo| nje
23 Aol ATh(Lee et al,, 2010). = A SHaE 7R AAAAIE ol A BESh= 4,
590 2 9 5 BTN g FEAS oI BEFIL Qs AAT AFo] BT Al
“(Food and Agriculture Organization of the United Nations, FAO)2] 7T d % B A] A Hl(Domestic Animal Diversity
Information System, DAD-IS; http://www.fao.org/home/en/)°ll 5550 F-A| =1L QU THLee et al., 2020). $H= 22 S
a2 7IEHF Y EAI AR S5 Il £299] 4 FFOIAT, &4 A S 4 FEET wiEo] ¢ Hol
ARSE AL Qlom, A7) A& G el tieh 5394 g 7 H B F50] A8 Aol et A=
o mju|gk Ao 2 Ko 242 2Ao] I @ 5HtK(Kim etal,, 2012; Suh et al., 2012; Park et al., 2019).

AlEE7erd] A= 19909 FHHEE A7EEo] 34 oA, feEet AlE, 4 B4 B 2E 59
242 2]5+0] microsatellite (MS) markerS @8] ©]-8-5}7] A|ZSHTHCiampolini et al., 1995; Moazami-Goudarzi et
al., 1997; Peelman et al., 1998; Blott et al., 1999; Loftus et al., 1999; Martin-Burriel et al., 1999; Ruane, 1999; Schmid et al.,
1999; Choy et al., 2015). MS marker+= non-coding F-2J0ll EAl5t= 1 - 6 bp2] T 7|4 Fo] HHEE= RO =2
TR EAJRIZt vl &bl JA|QIAo|H, RAAG] F2 %, w2 viEe 8l ZFo] ZHHskA, 11 Hol7}

2 Alchol| 7] eFg & o2 ety defA] Qltt T3k MS markers 3-4510] 7} ol ek 7o) A 2 B
3 A& ol Als 25 2 70A Aol tigh o] &-o] shrkal AR ATH(Tautz, 1989; Delgado et al., 2011;
Fernandez et al., 2013; Suh et al., 2013; Choy et al., 2015; Lee and Eo, 2016; Kim et al., 2020).

wEhA 2 As S A Alsel tiet 794 A Bl /A o de 2415k, Al F-AH SR
ofuzt wHHAl, &F FHAHY 5 5 7Fel 3o 712 AR = B85t A} paystel.

2] HE vz) 2 93t olejakA

f Y

re

b
fr

Materials and Methods

ZAAFIAIE o] 2 S F 4 G AlE 10257, A4 AlE 12257, 59 A5 1752 A=
o

A'E 37 123 R F 1355 Als ot & 39172

Multiplex PCR Z2 5! 4kt

& A5toll 8- Multiplex PCRE {2+ MS marker= A2 S H 4201 thot MS marker A131510] EE vigto
2 117] MS markerZ- 17H set® Table 1°]] A A|5FTHLee et al., 2020). Multiplex PCR- template DNA 100 ng< 2 u
L, 10 X buffer 3 UL, dNTP 10 mM== 2.5 UL, MS marker primer mixture 825 YL, HS Taq 1.25 Unit (Genetbio, Daejeon,
Korea)oll 545 24510 2|5 H1] 25 uL 2 B35 th Multiplex PCR-2 touchdown B4 0 2 434519 O
multiplex PCR 2712 95°Col|A] 15427} denaturations AAISE £ 94°Col|A] 60, 60°COllA] 75%, 72°CollA] 6025
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103] HHE- S 94°Col|A] 60X, 59°COllA] 75X, 72°CollA] 602E 103] BHESIITE bpx|aho & 94°Col|A] 60X, 58°C
of| A 75%, 72°CollA] 6025 253] HHESE & 65°Col| 4] 3027} elongation & 8°Col| 4] F&5}FATH
MS marker SFx}E 2M

Multiplex PCR productE ABI-3730 AF5H 7| A EA7%2](Applied Biosystems, Waltham, USA)S X7|¥5-S
4843}, GeneScan version 5 (Applied Biosystems, Waltham, USA)S 55l 37|} ZTA|ALe] S REE BEst &

Microsoft Excel (Microsoft, Redmond, USA)& ©]-8-5}o] 2t 5 & F &ttt

Table 1. Chemical composition of the experimental diets (as-basis).

Locus Fluorescence-dye Size range (bp)
BMA4621 FAM 133-157
BM1329 169 - 186
INRAOI1 214-271
BM2830 VIC 98-135
BM6526 157-190
SRCRSPS 211-256
MAFO065 NED 110-160
SRCRSP5 164-191
CSRD247 219-253
BM302 PET 141 - 165
PI19(DYA) 171-210

M
all

S A s

Microsoft Excel-& 0]-25}+0] | &et 255 HIE O 2, MS markerS-2] allele frequency, allele®] 22, TFg A A1
o] g &7} polymorphism information content (PIC) 5-2] 7] ZEA]-2 CERVUS Ver. 3.0.7 (Marshall et al., 1998)= ©]
&5t Weiret Hill (2002) =78 0l 2J3t F-5 A (Fyy, Fir, Fis 2 pairwise-Fs;)<> GENEPOP Ver. 4.7.3 (Raymond
and Rousset, 1995)0114] 7}&- Z1-S FSTAT Ver. 2.9.4 (Goudet, 2001)0] Z-8-5t0] 2451 11, F-SAI%F 7 =)o o
ot 3ol A2 Goudet (2001)2] IS 2 permutation testS- 10,0003] 5345} o1, AAHE SEZHP)2 type 1
errorS 2017|915} Bonferroni 273 A-8351 ). thd 3-8 2ke] B39} Nei (1972)2] HHO 2 D, R34 7
2] 214> matrix 752 95t B4 =2 20 2.8 7155 A 218 FJEf 2] 7FE-2 microsatellite analyzer (MSA)
Ver. 4.05 (Dieringer and Schltterer, 2003)5 AFHESIIL, Al 2 7HA| 7+ D, 2 712 2| 4* matrix+= PHYLIP Ver.
3.695 package (Felsenstein, 2004)S- ©]-8-5}%] neighbor-joining (NJ) ' (Saitou and Nei, 1997)°]] 2]} phylogenetic tree
£ F7d5h=tl AHESHL L, NI phylogenetic tree®] =70l thgh &5 374 2]+= 1,00028] BHE% bootstrap resampling

S &-8-51%t}h 1 5, SplitsTree 4 (Huson and Bryant, 2006)S- ©]-8-5F0] NJ phylogenetic tree®] 751} 2 A3+
IR, Als 7He] F-AA H 54 AfiE ER1617] AoiA 2t markerd -2 H1E & o] &5k 3

(PCoA, principal coordinates analysis)< GenAlEx 6.4 (Peakall and Smouse, 2006) 2 1345 o]-8-5}o] A5}

HI

B o
<
x

32 kM
o
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Results and Discussion

117 MS markerZ 228 LIS 2M

11712] MS marker©l] ths}od allele frequency, allele®] £, o] 3HE, PIC, F-5AIF2] 7% £ ZAIE Table
20]] A|AI5FA L allele®] EE7} 718 B2 marker= INRAOII 2 16717} 24 =21 21, marker?] thAd-S LER
£ 7|l ZH-eE, PICS] 217t 71 -2 marker =3F INRAOITZ 1= It 117H2] markere] 7|tho] 43t
& 252 0.81 (INRAOINOIA 0.547 (PI9DYA)Z Tt 0.6812 SHE ] 00, PICEES 0.784 (INRAOII)OIA] 0.495
(BM302)Z B+t 0.64% Z7J=| T} Botstein 51(1980)2 71t o] F 8 gH&2] gro] 0.6 o]/dolaL, PICce] 7ol 0.5 o]
Q1 markert= 2 TFg/3S 74 3L &-8-517] 0l £84 Q1 markere] ™, PICS] Zko] 0.25 - 0.5AF0| Y 79 &-8-517] 0]
213t marker2tal HSHATE whetba] 2 Aol AREH 117]2] MS marker= Aol 2-8-%] 7] ol &3t marker -
/o g et Fo= ohFE AT Uiol 7HA| 7F o] oAl A A =8 UEhdls A 4olH, He 7H {44 A
L5 ZRlok=t o] 83ttt Fm AA| el thet 44 17 A =& Uetd= Al 40|, = 7 F e o] 33
Al A A= E Uehdie e 2 o W §34 14 A ol mhE 2319] F =& uhelshetl E-8-H o F-57
T2 A7 =S AT U A 2 A 2T =2 AL Qu|oh, 247 REa g 2R B g Stk
Fy= 0212 (SRCRSPS)S-E] 0.091 (BM4621) Atolol] £2H3}FAL Hat 0.1482 ZFRIE| .0 H, F,+= 0.206 (SRCRSPS)
FE] 0.057 (INRAOIT) Ato]of] £ 3 0.127, = 0.018 (MAF065)5-E] -0.094 (INRAO11) Ato]ol| E2)51a1 1§
T 0.025= ZRI= rt.

e

HI

M

TeHSHA ASe| |HH CHed B4

Table 30l A& 7| % 24 A3k A Aok o H, 71 H-2 i -8 2 b= 4= Al 5ol A 5.636, 78 22t
FA2E = dieta AlEollA 2.8187H 2 SRIEQT 7| thol F 1T HE, PICY] 447} 7H WA Yehd AlE
ot AAEYUEta AlE 0 2 7H2} 0434, 0356202 EH1E] ] 01}, 0] Botstein 5(1980)°] E 15 PIC 42]7}
0.25-0.59] ¥l &oFE = 11709] markerE R34 TH/d Atoll £-8517] A etsiotar A ZHE ), B3t Takezaki
o} Nei (19962 ] F 8 gE0] 03 - 0.8 FTF5tolofF f-44 thgA = BAlsk=t] 8715 st silor, &2
Ao A AHEE S A4 Al E TS0l FHEE $21+=0.509 - 0.643, 71 o FHE-E 21+= 0434 -0.6232

5 7= deistal Alge] B4 )7} 2ol A gatA| gt )
Shul AlE2] 4=2]7} 2 22 oA o= k] 3717} Aot thef/d o] 4
2|7} A Yebd A0 2 AbE ok o M o] A A =S YER = H a2 Yo W /44 1Y
Lol i 2319 Y& nfelshet &85 = Fee el g2 Al 2lskal 4= AlEoll A -0.0082 7HE =] &
E|lon, A oiet AlsolA 0.1732. 2 7 2HA| ER1E| It} Suh (2014)7F gk W&ol =/ 715
2 Al T52 o] &3t AlF ARl wHlE AAls7|of thi-2e] At APt ol PHEE < 7ol HEE
o] 7S Ho|x|ut, #So|PH3tE > 7| to| P H3He2] A= Hardy-Weinberg equilibrium (HWE) HZ]of] 5t
o|P A 23} A doletal st o, o= FgtollA &IE 4= qlok a0 = W2 F k2 UEh= AEis
HaAFe B X7t E2 A0 ' Y7-E, o= EAT wHj R0 & QIg AxtE W2 FX & FA|%h
70 2 ekt

Ol

1
I
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Table 2. Results of heterozygosity and inbreeding values for 11 microsatellite (MS) markers in black goat
utilized in this study.

Locus No. of allele HObs HExp PIC Hep Fy Fig

BMA4621 8 0.708 0.738 0.709 0.091 0.063 -0.031
BM1329 6 0.565 0.646 0.593 0.157 0.161 0.006
INRAOI1 16 0.793 0.810 0.784 0.138 0.057 -0.094
BM2830 8 0.586 0.651 0.605 0.119 0.129 0.011
BM6526 10 0.670 0.731 0.694 0.101 0.108 0.007
SRCRSPS 12 0.670 0.796 0.768 0.212 0.206 -0.009
MAF065 8 0.614 0.678 0.628 0.102 0.119 0.018
SRCRSP5 9 0.565 0.632 0.596 0.167 0.145 -0.027
CSRD247 7 0.650 0.694 0.650 0.145 0.099 -0.054
BM302 8 0.499 0.571 0.495 0.199 0.172 -0.034
P19(DYA) 10 0.491 0.547 0.516 0.203 0.150 -0.067
Mean 9273 0.619 0.681 0.640 0.148 0.127 -0.025

HOPbs, observed heterozygosity; HExp, expected heterozygosity; PIC, polymorphism information content; F;, variance of allele frequencies
within populations; F,;, variance of allele frequencies between populations; F,,, inbreeding coefficient of an individual relative to the total
population.

Table 3. Results analysis of 11 microsatellite markers of black goat utilized in each line.

line Number of animal ~ No. of allele HObs HExp PIC He

TY 117 5.091 0.633 0.603 0.554 -0.05

N 122 5.636 0.624 0.618 0.567 -0.008
DJ 102 5.091 0.643 0.623 0.560 -0.033
GNU 37 2.818 0.509 0434 0356 -0.173
FG 11 6.727 0.573 0.820 0.758 0.309
Mean of line - 5.073 0.596 0.620 0.559 0.015

HOBbs, observed heterozygosity; HExp, expected heterozygosity; PIC, polymorphism information content; Fig, inbreeding coefficient of an
individual relative to the total population; T'Y, Tong-yeong line; JS, Jang-su line; DJ, Dang-jin line; GNU, Gyeongsang national university line;
FG, foreign crossbred line.

40
ra
-]
n
=

A

[

M= HA 7S 2t
[e]

2 Ao & A& Alsol gt 44 fFATAE glst] ffsi Als 7te] b, 74
712]E Table 4°]| AA[SFATE. &9 AT F4 AT F4727H 029302 7 2ok FRI=| Ao, <
A A=d et Alse] 474271 0.685% 7 Eict. e gt-Eat iS4 AlE 7o) 84
2 A= A OH(TY [Tong-yeong line]: 0.628, IS [Jang-su line]: 0.605, DJ [Dang-jin line]: 0.592, GNU [Gyeongsang
national university line: 0.685), ©]= F-84 x}o|7} g2 o 2 Wrk= 21 ofnjgith. 59 Ale-2 B iS4
AEol S-4A A7} AthA o2 13 2 M (JS: 0.293, DJ: 0.398, GNU: 0.413), &%= Al5-2 T2 AlSH ) At
SRt AlS2 AHALDI: 0414, GNU: 0381), T AT 7/d=deheta AlS3} AiEd4 Al el
A 71 A 72 E e UTH0.499). whebA] Zj2iSd 4 Als WellA 5 Alsa B4 Ale-2 194 2+
o|7} A 11, G AlE /=@ oetul Ale-2 4 Aol 7t o 2 & 2 o 2 fhEl T B3k Kim 5(2011)2
AR G Art she] 50 2 fejuetol| A ASE|o] @FAA FF W) wHI 2 o] B {2 F-o] HAS A
2 o, Qe g2 A s d 4] AP EE BRI 2 Ao g A sd 4 Alsat ol

rit
2
)
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o2
E
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A2 R 5 285 PCoA 4] A3t= Fig. 1] A4Skt 2w dtE-2 Alzisd 4
As-2 S d 4] e Al doid oz He| 1 %
Aot AlF2 A3 /Aol S
2 ztol= A o &2 Ak= 7o
TAIE &I 4= & A2 Al ETh 283 Aejsh et o2fugtEol thet 44 fFATAIE &l
&l WA E2] D772 AHE]of| th$t phylogenetic treeS- 235107 Fig. 201 AAI5FITE o2 wihE-2 &Y
Alsoll vl F-14 #2)7} &As] | oz Rlwgl o, A2 4 Alsol £42] ZHAI7} o A
AE2] ZiAIe e 4 A2 E 7= A o= ERIEY o, A S HA AlF E T o= P
S UeHYSILE o] = Al S 4 AlSEo] 302 WS ks A 5551, A= st A
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e W77k AP H 02 e Q7] whEol §H tlp e 9%k ol %, g4
of WA sk 27k ol 2ol Aoz WerEic,

QAT MS marker 283 A4 AE U A At 24 chepol ek B A
on] AehEgat 804 WHRCHEH Yrke) 27|77 AgkeolE HAH R e Uehde Selstel
webA] olefst AuE uo 2 S A4S HEG SJehEtel 14 FAUAS BAstw B8 15T 2

A2 72 ERAALOZN G2 5 AL 9% 85 B U A4 v} R xR
A5 4 AE B glo} 7|2 4B R BE 7HsE Zow waH,

Table 4. D, genetic distance between line calculated by the Nei’s method.

line TY JS DJ GNU FG
TY

IS 0.293

DJ 0.389 0.414

GNU 0.413 0.381 0.499

FG 0.628 0.605 0.592 0.685

TY, Tong-yeong line; JS, Jang-su line; DJ, Dang-jin line; GNU, Gyeongsang national university line; FG, Foreign crossbred
line.

Principal Coordinates Analysis (PCoA)

@ DJ . TY
O Js
O DI

® oI 0 ¥G O GNU
GNII
Coord. 1 O FG

Fig. 1. Results of principal coordinates analysis (PCoA) using allele frequency by line with GenAlEx 6.4. TY,
Tong-yeong line; JS, Jang-su line; DJ, Dang-jin line; GNU, Gyeongsang national university line; FG, foreign
crossbred line.

Coord 2

e

Korean Journal of Agricultural Science 48(4) December 2021 698



Genetic diversity and relationship analyses of the Korea native black goat line using microsatellite markers

Fig. 2. Neighbor-Joining tree method among individuals, using Nei’s D, genetic distance index analysis
results from 11 microsatellite loci. TY, Tong-yeong line; JS, Jang-su line; DJ, Dang-jin line; GNU, Gyeongsang
national university line; FG, foreign crossbred line.

Conclusion
NS 4ol st A4 T H7H L B FE5k] f-AA Aol st A7t ol mlulgt Aol 7|0

2 A= AHSAA ASl gt 4 Ae] 9 534 thel/dS B8] s AAISHITE 11702] MS marker
£ g8ato, A 2 QefuE 39150 gt i fHAtE S Bk, 1 Aatg EgE f44 o
P A5 S5t S A4 47150l thato], TS0l P E2 0.509 - 0.643, 7] o P2 0434 -
0.623, 18] 31 PIC2 0.356 - 0.5672] HEFE LFEFY o], 3304 thef/d 1t 8ol A3st 315 Yeh ]l Als
23 24, 7HA] 2 phylogenetic tree 28-S 333t A} A S 4 A5 22w dF-2 WES] LRE QS
o, AHef 5P he] ZH Als E 2Rt E = AT Btk 2 dte] A3E vigto 2 e S AA S &85t ol
S| A FAUAIE A sk &8 7HsE Aol iS4 S F o 7ER AR Y C 24 34 53 A
T A% S5 S YT G v FARL O 2 A E P4 AT BEC Yo 7|2 ARR R THe R AL
2 e
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