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Abstract

The genetic diversity of three Hanwoo populations was analyzed using 11 microsatellite
(MS) markers for the traceability of Hanwoo beef in this study. A total of 1,099 Hanwoo cattle
from two populations (694 line-breeding and 405 general Hanwoo) at the Hanwoo Research
Institute (HRI) of the National Institute of Animal Science and 1,171 Korean proven bulls
(KPNs) were used for the analysis. Specific alleles of four markers (ETH10, INRA23, TGLA122,
and TGLA227) were identified only in the line-breeding population, although at a low allele
frequency (0.001 - 0.02). The genetic distance (Nei’s D) between line-breeding Hanwoo
and KPN was the greatest (0.064), whereas general Hanwoo and KPN were relatively close
genetically (0.02); the distance between line-breeding and general Hanwoo was found to
be 0.054. These results are expected because the HRI has performed closed breeding via
selecting its line-breeding sires without utilizing KPN since 2009. Therefore, the line-breeding
Hanwoo population of HRI show different genetic diversity from the KPN population, based
on the 11 MS markers. The results of this study provide basic data for securing the genetic
diversity of Hanwoo cattle and utilizing line-breeding Hanwoo cattle from the HRI.
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B AdbEn) ek 23 2AhEk ol A= 7oA wH) AlE S 4s djo] = B85k Ao HE HHE o]
goto] 2 Al AT 5 Qe T wHl Alg depto]’ 2 =S A|lE-5kal QITHKim et al., 2017; Choi et
al., 2018b; Jang et al., 2018). T &0] = HFAt}sh She-ALAo) A= ghe-o] 344 tieqd ShE 25k 2009
W RE] KPNO| obd ZHA] K445 283t 2l He-a fAIoto] AlE S35 2401 1L Qlet eHe-A+14 AlF

& 4 F 50| 4T NAIE A 2
THMAFRA, 2023).

7HollM 72 Tr/goll tiet A1toll= F2 microsatellite (MS) U7} ©]- 8-t MS BH7+= DNAZl 1 - 6
bp2] &2 F7IMFo| HHEE= o2 £ U = 5 7 ¥lolE Aytst=d 285 <= 7P E84% &
A upARE g2 A ATHFAO, 2011). Wi 2ESHA = ZA|RE XS Al Ao 124 BxE MS A= =2 4
o] & 7HAIH AFEERTE of ) ZhSo| M = g RIe R A E Qo &3 Et}lo] AFEE o] gtk
(Maharani et al., 2017; Choi et al., 2018a; Svishcheva et al., 2020). Z|7}A] $H9-E- Z3lolo] 34, J4 5 ThFSHA
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Kang etal., 2021; Yu etal,, 2021), e--2} T2 =-2] & &5 7He] f-44 thdd 2 /R4 Ag] 4ol tigt 24 4
T thFSHA| B A1E] ATH(Choi et al., 2001; Yoon et al., 2005; Kim et al., 2020).
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Materials and Methods
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olojA 37 S+t 7+ 77472 A2 (Nei's genetic distance, Nei's D)y F49F &, F2}3 4 (principal coordinates
analysis, PCoA)S 33511t 1170 vtAE2] a3 % E A 4>(polymorphic information content, PIC)= Cervus
version 3.0.7 (Marshall et al., 1998; Kalinowski et al., 2007)= ©]-8-5}o] AlAFsIAth

Nei's geneticidentity (Nei'sI) =
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Nei's geneticdistance (Nei's D) = — In(Nei's I) )
n n=1 T
Polymorphicin formation content (PIC) =1 — (E pf) - E Z 2p?p? ®)
i-1 i=1 j=i+l

GenAlEx (Peakall and Smouse, 2006, 2012)°1| 4] +2AJo]] ©]- 8% scored genetic datai= Microsatellite Analyzer (MSA)
version 4.05 (Dieringer and Schiétterer, 2003)= FH2F5}31Th
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Results and Discussion

[ | o |
2 Aol o] 85 370 Ftoll thigt 1171 MS PhA 9] i |42 4=, WE(H,,) B 7IdiolF 8 dE(H,,), TH/
Y HAPIC) =A] A= Table 13 2ok 171 mEAEY tE {4 = 216 529 49 24~ 5 (ETH3) - &
13 (TGLA227)W, 712 &2 2|4 5 (ETH3} ETH225) - Z|th 14 (TGLAS3)7H 9";; N2 XA 7 (BM18242}
SPS115) - 2|t 17 (TGLA 1229} TGLAS3YN 2 ERI=| It S+ Bt tE /AR = Al S0 72 S5

8.364, KPN- 10.636. 2.2 ZHQ1%| 9T}

Table 1. The number of alleles, observed heterozygosity, expected heterozygosity, and polymorphic
information content of 11 microsatellite markers in 3 Hanwoo populations.

Locus LBH GH KPN
I:l‘i’a‘; T H, PIC I:l‘i’el‘; f o, H, PIC ﬁa‘f H, H, PIC

BMI824 6 0746 0752 0709 6 076 0742 0699 7 0719 0723 0678
BM2113 8 0754 0731 0685 8 0758 0745 0704 2 0735 0738 0699
ETHIO0 9 0762 0746 0722 8 079 078 0755 8 079 0775 0739
ETH225 6 0663 0646 059 5 0659 0667 062 9 0693 0687 0643
ETH3 5 0788 0782 0746 5 0748 0752 071 8 0777 0763 0722
INRA23 10 07 0694 0.645 10 0738 0722 0677 10 0804 0782 0753
SPS115 6 069 0657 06l 6 0679 0693  0.647 70733 0729 0688
TGLAI2Z2 11 086 0836 0815 11 0872 0847 0828 17 0852 0843 0824
TGLA126 6 0687 0694 0645 7063 0647  0.608 8 067 0659 062
TGLA227 13 0804 0803 0775 12 0881 0855 0837 14 084 0849 0831
TGLAS3 12 0781 0784 0762 14 0849 0872 0858 17 0891 0888 0877
Average 8364 0749 0739 0700 8364 0760 0757 072 10636 0775 0767  0.734

H,,, observed heterozygosity; H.,, expected heterozygosity (unbiased expected heterozygosity); PIC, polymorphic information content;
LBH, line-breeding Hanwoo; GH, general Hanwoo; KPN, Korean proven bull.

e S S0l PP TE(H,,) 2 24 0.663 (ETH225) - Z|th 0.86 (TGLA122)°|QAL, 7] % S+ 2|4 0.63
(TGLA126) - 2T} 0.881 (TGLA227), KPN-& X 4 0.67 (TGLA126) - |t} 0.891 (TGLA53)& 1% ich. 7]djo]
FHLEH,,) 2 AE =79 7S 24 0.646 (ETH225) - 2T 0.836 (TGLA122)0|1 1L, 712 S &4 0.647
(TGLA126) - |t 0.872 (TGLA53), KPN-2 |4 0.659 (TGLA126) - Z/tH 0.888 (TGLA53)2 &21=|qict thad A4
B2 PIC)= Al'F kol A 24 0.59 (ETH225) - 2|l 0.815 (TGLA122)2 FRIE A, 7| Z S Z| 4 0.608
(TGLA126) - 2|} 0.858 (TGLAS3), KPN- Z| 4 0.62 (TGLA126) - ¥t} 0.877 (TGLA53)E ZAFE| Tt AlE Z79]
7%, B (Hyy) 2 710l 3T &) TH A EA] %(PICVP 7P R vt = ETH2259 3 7P =2 vHA
£ TGLA12231t. 7] % Y KPN S20llA= TGLA1269] TE(H,,,) 2 7ol FHEEH.,,,), TFE8HEA4PIC)
7} 743 Gk, TGLAS32) 7] tol & 3H8(H, )2} TFa A 7<4EX]—,—(PIC)7} 7P =Sk B8 Al (PIC)=
O fARke] f2oF R 2 AlLbEm oz} 1 ¥ 9] Yol E2Agct. o BAIPICy T 5245 H R0 =2
7F2] Q)= vhA = S (Serrote et al., 2020), 0.5 01/ Y 3¢ A H = o] vl =2 npA 2 J-EE Th(Botstein et al.,
1980). wEfA] 2 Atol] Z-85 1170 MS v & 23 thdAd 2 7HAIH ko] f-44 thefd B4l A3kt ut
A& ohA] ERlsc
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Table 2. The allele frequency of 11 microsatellite markers in 3 Hanwoo populations.

Locus Allele LBH GH KPN Locus Allele LBH GH KPN
BM1824 1 0.0094 0.0272 0.0478 TGLAI122 1 0.0324 0.0753 0.0709
2 0.2810 0.2642 0.3920 2 0 0 0.0004
3 03127 0.3593 0.2835 3 0 0 0.0017
4 0.1585 0.0728 0.0431 4 0.1441 0.1309 0.1277
5 0 0 0.0021 5 0.2594 0.2000 0.2033
6 0.2140 0.2259 0.1934 6 0.1311 0.1383 0.1413
7 0.0245 0.0506 0.0380 7 0 0.0210 0.0013
BM2113 1 0.0022 0 0.0009 8 0.1916 0.2407 0.2374
2 0.0007 0.0284 0.0218 9 0.0641 0.0914 0.1221
3 0.0295 0.1012 0.0833 10 0.0108 0.0062 0.0222
4 0 0 0.0004 11 0 0 0.0004
5 0 0.0074 0.0064 12 0 0.0198 0.0064
6 0.1088 0.0469 0.0632 13 0 0 0.0004
7 0.2839 03111 0.2639 14 0.0130 0.0062 0.0077
8 0.1952 0.1457 0.1606 15 0.0029 0 0.0077
9 0.3710 0.3531 0.3937 16 0 0 0.0009
10 0 0.0062 0.0038 17 0.1304 0.0704 0.0483
11 0 0 0.0013 18 0.0202 0 0
12 0.0087 0 0.0009 TGLA126 1 0 0.0161 0.0030
ETHIO 1 0.0540 0.0099 0.0077 2 0.4402 0.5395 0.5269
2 0.0555 0.0840 0.0354 3 0.0980 0.0580 0.1080
3 0.0382 0.0161 0.0068 4 0.0130 0.0124 0.0132
4 0.1650 0.1815 0.2225 5 0.0353 0.1691 0.1567
5 04467 0.3420 0.3262 6 0.2976 0.1691 0.1640
6 0.0576 0.1185 0.1776 7 0.1160 0.0358 0.0269
7 0.0562 0.0432 0.0350 8 0 0 0.0013
8 0.1160 0.2049 0.1887 TGLA227 1 0 0 0.0004
9 0.0108 0 0 2 0.0432 0.0469 0.0683
ETH225 1 0.0324 0.0161 0.0218 3 0.0014 0.0025 0.0115
2 0 0 0.0030 4 0.3048 0.1111 0.2084
3 04978 0.5049 04782 5 0.0180 0.1395 0.0764
4 0.1246 0.1864 02152 6 0.0576 0.0111 0.0154
5 0.2976 0.1679 0.1623 7 0.0036 0.0062 0.0081
6 0.0360 0.1247 0.1080 8 0 0.0062 0.0073
7 0 0 0.0017 9 0.1902 02136 0.1255
8 0 0 0.0013 10 0.1960 0.1827 02178
9 0.0115 0 0.0085 11 0.0166 0.0383 0.0235
ETH3 1 0 0 0.0030 12 0.1571 0.1506 0.1708
2 0 0 0.0004 13 0.0007 0 0
3 0.2623 0.1852 02343 14 0.0014 0 0.0004
4 0.2428 0.3321 0.3001 15 0.0094 0.0914 0.0662
5 0.1102 0.0531 0.0632 TGLAS3 1 0 0.0012 0.0086
6 0 0 0.0004 2 0 0 0.0043
7 0.2406 0.2815 0.2678 3 0.3948 02247 0.1618
8 0.1441 0.1482 0.1307 4 0.0036 0.0037 0.0164
INRA23 1 0 0.0025 0.0085 5 0 0.0012 0.0185
2 0.0829 0.0482 0.0500 6 0.0036 0.0037 0.0043
3 0.0050 0.0284 0.0726 7 0.0836 0.1642 0.1553
4 0.0058 0.0012 0.0158 8 0.0087 0.0889 0.0891
5 0.0036 0 0 9 0.0375 0.0222 0.0267
6 04323 0.4086 0.3476 10 0.1196 0.0679 0.0202
7 03134 0.2741 0.1960 11 0.0742 0.0568 0.0813
8 0.0014 0.0124 0.0248 12 0.0087 0.0716 0.0598
9 0.0454 0.0432 0.0576 13 0.1297 0.1309 0.1127
10 0.1095 0.1790 02161 14 0.1239 0.0728 0.1429
11 0.0007 0.0025 0.0111 15 0.0123 0.0901 0.0942
SPS115 1 0.5065 04556 0.4005 16 0 0 0.0034
2 0.0029 0.0099 0.0252 17 0 0 0.0004
3 0.0857 0.1259 0.1050
4 0.0980 0.1037 0.1025
5 0.2594 0.2679 0.2861
6 0.0476 0.0370 0.0803
7 0 0 0.0004

LBH, line-breeding Hanwoo; GH, general Hanwoo; KPN, Korean proven bull.
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117} % 470 u}#(ETH10, INRA23, TGLA122, TGLA227)2] 7%, A% &l Aut gelw]= iy §-Ax}go] &
A5kt ZH2ke] Hx= ETHI09] tha 82X A 971 0.01080] 12, INRA232] TE 374 4Fd 5= 0.0036°] 1t
TGLA1222] W& FAAF 182 0.0202, TGLA2272] i £ AF 13- 0.0007= SHRIE| It KPNoj| A= 21k
AT SR AT A B SH7] 2 W AIE S0l FRIER] AU, Ale Skl ARt ERIE] 2] = A H 1179
O 2K g EAf5k o 1 I = =] QAR TH(Table 2).

Shin 5(2018)°] 1995 - 201548 KPN 84470l Al 5-U3t 117] MS BHAE A A i 7t = 247
(BM1824%} SPS115) - Z|th 17 (TGLAS3), - 10.5470 1 o™, #Z5(H,,) L 7ol JHFE(H., )2 TFI A EA
ZPIC)7F 71 et = TGLA1260) 1 7V =& ul7= TGLAS3E 2 A Axel 29t B i tof o] 85
S0 PRl E 24 9o ARSE ZIAI L] 8 el ER, oY R ] =0t HEH,,) 2 7]Hield
AeeH,,)2 B, F G BAFPICZHASS, 7125, KPN €22 &7 Uele 202 Seldnt I Rle
= A AT A F ol AT 2RI = oY 2k o] EA5HH, KPNE ot = ARE3SE 7| % -3 KPN At
ofj ATk Bl =t FARS gt EANSIE R SRt Ao /3t AlE S 117 MS Aol A KPN2
2 s AeTe tE /A3 g8 Uee A& Bl ek AlE S22 A& f-AIoFHA thd
R Rl o] §3} i A& 0= A E L, ohE FATRe] Aol gt AP E o A 0 = Y7,

ZFHZ 117} A5 FEHS AR Z3b= Table 33+ Zth FHel W= AlS 279 49 24 -0.051
(SPS115) - |t 0.009 (TGLA126), 7| % S+ %] 4 -0.032 (TGLA227) - Z|th 0.026 (TGLA126), KPN< Z| 4~ -0.029
(INRA23) - Z|tH 0.005 (BM1824) 2, 37§ e 25 FEte] B2 9] 42 7= A& Rl=glch #5
(Hyo) 2 71Thol FA-E(H) = AlATE = FR2 A ee] 23 J & afobeh=d] Z-85H -13F 1 He Woll 2t
o}, Fgtol 0ol 717k 739 F2+9] vl Heho 2 o Soh= W, o] 3h2 e Ulol] ZXlo] EAskAY vt |
72K null allele)”F EA]5HA] &= UERATE 52 Fat2
of heterozygosity)e AAH T}, Fwtubc FRrel =11 Y52 22X T 37l S+t 25 23 =5 s 374
Z3hS ol 4 ohF/do] A1 Ao & Heldt,

et

HY

Table 3. The F value of 11 microsatellite makers in 3 Hanwoo populations.

Locus LBH GH KPN
BM1824 0.007 -0.026 0.005
BM2113 -0.031 -0.019 0.004
ETHIO -0.022 -0.007 -0.026
ETH225 -0.027 0.011 -0.010
ETH3 -0.009 0.004 -0.020
INRA23 -0.009 -0.024 -0.029
SPS115 -0.051 0.020 -0.005
TGLAI122 -0.030 -0.030 -0.011
TGLAI126 0.009 0.026 -0.017
TGLA227 -0.003 -0.032 -0.007
TGLA53 0.003 0.024 -0.003
Average -0.015 -0.005 -0.011

F, fixation index (inbreeding coefficient); LBH, line-breeding Hanwoo; GH, general Hanwoo; KPN, Korean proven bull.

S0 7t |8 2| W /A 2A
B Ao A A 37] Z- 7F -39A A2 (Nei's D)= Table 49} Fig. 10 UERATH $He-AF7 4 AlE 23}

KPN S 2Fe] 5304 A (Nei's D)= 0.064% 7 E U, Als S5 712 5342 744 712](Nei's D)=
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Table 4. The genetic distance (Nei’s D) between 3 Hanwoo populations.

Population LBH GH
GH 0.054 -
KPN 0.064 0.02

LBH, line-breeding Hanwoo; GH, general Hanwoo; KPN, Korean proven bull.
Principal coordinates (PCoA)

* KPN

°LBH

Coord. 2

* GH

Coord. 1

Fig. 1. Result of principal coordinate analysis in 3 Hanwoo populations. LBH, line-breeding Hanwoo;
GH, general Hanwoo; KPN, Korean proven bull.

0.054% SRIE|QITE. 7|2 ST KPN S72 G4 02 77he 384 72(0.02)E HEFSITE Nei®] 544 A
2|(Nei's D)= A k2] f-44 2fo|& S5kt AHEHT} F 719 HdolA 5402 Yeht= did /4
Z}o] H|-8-2 o]-&5}to] §-H A =2 A(genetic identity, Nei's [y AlAFs}I, 0] S 7]8FO & Nei's D & 43 4= QU
= o] 712l 5L g1k vl o] Z24E T 7F R F atol 7t AR A H AL, 54 Al HolXick
(Nei, 1972, 1978). $H--A-A0)| A= 20091 F-E] KPN-2 AFHESHA] 01 AHA| W44 E Adsto] AlE S4-2 243
stelet 7] % S KPNI}F $he-dtA B GAE o]-gato] 2/3H Joboltt. wetA AlE S+ KPN JTE

54 Aele MER FARRe] T9lo] glo] AlGH w4 852 Atz =4 Hh

SHe-ol| 4] MS 1A Eiut o2} single nucleotide polymorphism (SNP) IFH S 0] 85+ -2 EA3 thfd =
Atel] thgt A7} Al Z18Y%| 1 ]t DNA microarray S 551 AJAHE th-g&ke] G4 A E = $-9-2] 7|} 74
F Iy, 18]l gk FF 1 atol ot ohE A EF-E] 5 TAIE A SHTH(Lee et al., 2014; Sharma et al., 2016;
Kim et al., 2018). 2 Lol A -85 /A S 2 AYAt=] = SNP H S o] &5to] AlF Skl st 71491 &
Aabua A7t 2 Q3 A0 = Y7t

Conclusion

B 7k kel AN ARl B TR S SAT ik BES 98 AAIERl Belt ol 2of A1 e
FUSATILY A Tho) A= KPNO| obd 2| W44 S B3 T4 WS §AI5tel A Z72 245
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sh9-0] 90 chepd Sehs 913 o2t Ik £ A7olA 117] MS B S o] 3ol
2} thepAdol] thal ZAtet 2k, 2 niol A KPN A ekihe The e $7 HlE
2)(Nei's DYOILE #fo]7} gz A2 BelElgirt. 7] ol q M4 el f
ol, % §7 Thebd SAlE FRE HEolrh 2 QI ke shee] fAI%
e AT4 B ZT0) BES AT /|2 AR AT S UL A0 Bl

e
rUlﬂJ _{o
6]
32
lo b
HE
o
Ao

=)
5

L=

;

2
Lo
b
L

_(j_.iZi
O
L)

N
==

ox o
o
il

12

Conflict of Interests

No potential conflict of interest relevant to this article was reported.

Acknowledgments

2 A= 52 AFARAFAE: $H- nleiQoib] RS 24, AR5 1 U E87]4 i, o)
AH S : PI01502802)01 23l 43 =] A5t

Authors Information

Shil Jin, https://orcid.org/0000-0003-1120-3631

Jeong 11 Won, https://orcid.org/0000-0003-3151-7144
Byoungho Park, https://orcid.org/0000-0001-6195-4519
Sung Woo Kim, https://orcid.org/0000-0001-8521-3010
Ui Hyung Kim, https://orcid.org/0000-0002-2197-5080
Sung Sik Kang, https://orcid.org/0000-0002-9453-5377
Hyun-Jeong Lee, https://orcid.org/0000-0002-2312-9048
Sun Sik Jang, https://orcid.org/0000-0002-8121-4697
Sung Jin Moon, https://orcid.org/0009-0003-0930-5548
Myung Sun Park, https://orcid.org/0000-0002-1260-5694
Hyun Tae Lim, https://orcid.org/0000-0001-6221-4942
Eun Ho Kim, https://orcid.org/0000-0002-0882-8377

Ho Chan Kang, https://orcid.org/0000-0002-2948-5895
Nam Young Kim, https://orcid.org/0000-0002-2679-4983

References

Botstein D, White RL, Skolnick M, Davis RW. 1980. Construction of a genetic linkage map in man using restriction
fragment length polymorphisms. American Journal of Human Genetics 32:314-331.

Choi CB, Kim KS, Eum JH. 2001. Genetic diversity of Korean cattle using microsatellite analysis. Journal of Animal
Science and Technology 43:599-608. [in Korean]

Korean Journal of Agricultural Science 50(3) September 2023 328



Genetic diversity analysis of the line-breeding Hanwoo population using 11 microsatellite markers

Choi N, Seo D, Manjula P, Lee JH. 2018a. Genetic diversity studies using molecular genetic markers. Journal of Animal
Breeding and Genomics 2:21-27.

Choi TJ, Lee SJ, Park JE, Lim D, Cho YM, Park B. 2018b. Analysis of environment effects on the carcass traits Hanwoo
cows using ultrasonic measurement. Korean Journal of Agricultural Science 45:66-73. [in Korean]

Choy YH, Seo JH, Park B, Lee SS, Choi JW, Jung K, Kong HS. 2015. Studies on genetic diversity and phylogenetic
relationships of Chikso (Korea native brindle cattle) using the microsatellite marker. Journal of Life Science 25:624-
630. [in Korean]

Dieringer D, Schlétterer C. 2003. Microsatellite analyser (MSA): A platform independent analysis tool for large
microsatellite data sets. Molecular Ecology Notes 3:167-169.

FAO (Food and Agricultural Organization of the United Nations). 2011. Molecular genetic characterization of animal
genetic resources. FAO Animal Production and Health Guidelines. p. 12. FAO, Rome, Italy.

Jang S, Kim SY, Lee SH, Shin MG, Kang J, Lee D, Kim S, Noh SH, Lee SH, Choi TJ. 2018. The effect of progeny numbers
and pedigree depth on the accuracy of the EBV with the BLUP method. Korean Journal of Agricultural Science
46:293-301. [in Korean]

Kalinowski ST, Taper ML, Marshall TC. 2007. Revising how the computer program CERVUS accommodates genotyping
error increases success in paternity assignment. Molecular Ecology 16:1099-1106.

Kang HC, Kim KW, Kim EH, Myung CH, Lee JG, Lim HT. 2021. Genetic diversity and relationship analyses of the Korea
native black goat line using microsatellite markers. Korean Journal of Agricultural Science 48:693-702. [in Korean]

Kim HR, Lee JW, Ko MJ, Park JE, Kim MJ, Baek YC, Park SH, Lim DJ, Lee SD, Choi BH. 2020. Development of a new
microsatellite markers for individual identification and paternity evaluation in Hanwoo. Journal of Agriculture and
Life Science 54:75-83. [in Korean]

Kim S, Cheong HS, Shin HD, Lee SS, Rho HJ, Jeon DY, Cho CY. 2018. Genetic diversity and divergence among Korean
cattle breeds assessed using a BovineHD single-nucleotide polymorphism chip. Asian-Australasian Journal of
Animal Sciences 31:1691-1699.

Kim S, Choi HJ, Alam M, Park MN. 2017. Breeding initiatives for Hanwoo cattle to thrive as a beef industry-A review
study. Journal of Animal Breeding and Genomics 1:102-124.

Lee SH, Park BH, Sharma A, Dang CG, Lee SS, Choi TJ, Choy YH, Kim HC, Jeon KJ, Kim SD, et al. 2014. Hanwoo cattle:
Origin, domestication, breeding strategies and genomic selection. Journal of Animal Science and Technology
56:1-8.

Maharani D, Hariyono DNH, Cho S, Manjula P, Seo D, Choi N, Lee J. 2017. Genetic diversity among Indonesian local
duck populations in Java island assessed by microsatellite markers. Journal of Animal Breeding and Genomics
1:137-142.

Marshall T, Slate J, Kruuk L, Pemberton J. 1998. Statistical confidence for likelihood-based paternity inference in
natural populations. Molecular Ecology 7:639-655.

MAFRA (Ministry of Agriculture, Food and Rural Affairs). 2023. Livestock improvement assistance project
implementation guidance for 2023. MAFRA, Sejong, Korea. [in Korean]

Nei M. 1972. Genetic distance between populations. The American Naturalist 106:283-292.

Nei M. 1978. Estimation of average heterozygosity and genetic distance from a small number of individuals. Genetics
89:583-590.

Peakall R, Smouse PE. 2006. GENALEX 6: Genetic analysis in Excel. Population genetic software for teaching and
research. Molecular Ecology Notes 6:288-295.

Peakall R, Smouse PE. 2012. GenAlEx 6.5: Genetic analysis in Excel. Population genetic software for teaching and
research-an update. Bioinformatics 28:2537-2539.

Raymond M, Rousset F. 1995. An exact test for population differentiation. Evolution 49:1280-1283.

Rousset F. 2008. GENEPOP’007: A complete re-implementation of the GENEPOP software for windows and linux.
Molecular Ecology Resources 8:103-106.

Korean Journal of Agricultural Science 50(3) September 2023 329



Genetic diversity analysis of the line-breeding Hanwoo population using 11 microsatellite markers

Serrote CML, Reiniger LRS, Silva KB, dos Santos Rabaiolli SM, Stefanel CM. 2020. Determining the polymorphism
information content of a molecular marker. Gene 726:144175.

Sharma A, Lee SH, Lim D, Chai HH, Choi BH, Cho Y. 2016. A genome-wide assessment of genetic diversity and
population structure of Korean native cattle breeds. BMC Genetics 17:1-9.

Shin DH, Kim DH, Oh JD. 2018. Analysis of genetic diversity and structural changes in Hanwoo Proven Bulls population.
Annals of Animal Resource Sciences 29:142-149. [in Korean]

Svishcheva G, Babayan O, Lkhasaranov B, Tsendsuren A, Abdurasulov A, Stolpovsky Y. 2020. Microsatellite diversity
and phylogenetic relationships among East Eurasian Bos taurus breeds with an emphasis on rare and ancient
local cattle. Animals 10:1493.

Yoon DH, Park EW, Lee SH, Lee HK, Oh SJ, Cheong IC, Hong KC. 2005. Assessment of genetic diversity and relationships
between Korean cattle and other cattle breeds by microsatellite loci. Journal of Animal Science and Technology
47:341-354.

Yu JS, Suh SW, Kim DH, Park B, Choi TJ, Park MN, Park YS, Kim ES, Jung KS, Jung DJ, et al. 2021. Analysis of changes
in genetic characteristic and diversity of the brindle cow (Chikso) population. Journal of Animal Breeding and
Genomics 5:51-57. [in Korean]

Korean Journal of Agricultural Science 50(3) September 2023 330



