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ABSTRACT

The identity and parentage verification tests for Hanwoo play a crucial role not only in preventing fraudulent distribution in the
market but also in generating greater profits in calf transactions by verifying the parentage of superior bloodlines. Therefore, this
study secured the genotypes of 946 Hanwoo cattle using the GeneTrack™ Verl Genotyping Kit (GT1), based on the dinucleotide
marker combination recommended by ISAG, and the GeneTrack™ Ver2 Genotyping Kit (GT2), based on a combination of tri- to
hexanucleotide markers, to compare the results of paternity matches and mismatches for the same animals in the Jeonbuk
region. Among the 17 individuals identified as mismatches using the Hanwoo Chip SNP genotypes, 3 animals showed the same
mismatch results with SNPs using the GT1 marker combination, while 14 animals were confirmed as mismatches. In the GT2 marker
combination, 16 animals showed mismatches, and 1 animal was confirmed as a mismatch. These findings highlight the necessity
of verifying marker genotypes and determination errors more accurately through additional samples and the configuration of Trio
samples.
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INTRODUCTION

2009\ 6ol] AJE 4 B 2|0 7] 7HAAE S 213 DNA 524 AARH S ol 24 A2 /AN © 5 Hofohal AlS 3 75
Ao A 9 H2E ®A|5H7] 915 DNA B 7|9k 2 1Rtk tf e §-397) 42 defshe Al Agloln) o] AA| =4 o] %, 399 &
H {50l ZAEoH, ARt A FH S BIE 4 U= A= 7|4 ok 7HA LR eet 28 B E 55
A o] 7|gko] A2l 4 S Bodho 24 3h9-9] R34 A4S o 4 QAT o2 g AJAR]E FRe- Ak}
A9 P n| AW, EAI A EZ T 5 =o]= o IA| 7|05kl Q1 Th(Jin et al., 2023; Jin et al., 2024).

SF2-2] DNA Y4 #AF b += International Society for Animal Science (ISAG)ClIA] 34 2 F7HE Microsatellite OFH 23t
(GeneTrackTM Hanwoo Genotyping Kit)= 7]8F0.2 5131, 117]9] 5L AARE: npA et A &9lo] 7H53t X, Y Chromosome ¥ Of
72 T o] U AL Q= 7)ol A 435 = A| AEo|TH(Lim et al., 2005; Yoon et al., 2005). ©] A} 232 ISAGOA HL3t 12
N oA E E-8517] wzoll S4B, A2 59 /-9 il npr et Fd e npA S ARESRL Qlom, H AlAIH o 2 = thoreh EE At
2|7} B 1% 1 ] tKBrenig and Schiitz, 2016). | kol 2, o] o} F 6707} A At AkE i |0l 25k, 2|54 Q1 A
H2 Qo) M2 did- Az st AY dasks A7 e 3 gk o= tid At ) Wl »i3tE ojojz|= ATHE %
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Eﬂﬂ A CHBrenig and Schiitz, 2016). WhebA], 22 0FA 7iE 22 [SAGOIA 2 5H= SNP oFA 29| Z gk that o A A7) =]
o AlA| 2 JAHA X o A= SNP IHAE &85t 5 B4 AH7F BEa1E| 31 Q) Th(Herrdez et al., 2005; Fernandez et al., 2013;
Schiitz and Brenig, 2015; Brenig and Schiitz, 2016).

MS HHAE /85 54/ AAF a7 232 R Eef AREo| i AAE 3-/-5H7] dlwoll, F2 5 o] & 3ol A ExlieHA] &
QA B 5Y WY Aol Fol o] AR URE HeIF 4 U AlAdolch ofelet AelE Aoz S A
o} 2 Ao =S B0 2 12 2Rl AlYol &8 ﬂ Ack(Sun et al,, 2021). 5L/ AL upA 2] Q] 0] &, AL ThA|of| A
o] B f-50| 7r4sko] 2019'H00l= 91.4%2] ZIAF ERle5 71553 o, eSS g 3l ol| M = fARE AakE Halskal §l
O AR 2 27 DA SokR= 2 U] H SolA| o H]EH oF 347t 91 2] B717kx| & Fofitto} 94~ FFof theh Al=| 7}t S7fstal
Ao, o] 2 Qlsl 57}ef A AHA| 9] ¥4l o] HE5] Sl 2l QlTK(Sun etal., 2021).

Azl 3+2-9] DNA 5UA Aol AFE = nh7 232 oA AR AlPI0)2t 7] o]F AT (Hexp)?t %2 di-nucleotide
repeat P& ARE-SEAL Qlet. 2{u o] Bi7] 292 multiplex-PCR 21789l A] slippage@} repeat G Ul SR 0] WY = Q15|
stutter 59 W& L RS G 7HsAdo] Y= 202 B E I QJthChambers and MacAvoy, 2000; Sim et al., 2013). ©]2|gt ZAIE

7841517] 915} tri-, tetra-, penta-, hexa-nucleotide PFA = F/dE - 137112] vhA 23ko] FUA AL X2} 22l npA &2 &8 753
gPAdS Hol= 702 B UEITHKim et al., 2020).

whEbA] B A= AR ¢ A SR npA = ARRE| A Q)= di-nucleotide TFH 718H2] GeneTrack™ Verl B} 232} tri-nucleotide
o]4fo] uA R A H GeneTrack™ Ver2 0F# Z5-2] XA} 891 HBHe 2 | W], s7ojl M 22t 2Rl 0. 72 Zo]| 1 FUA HA}
SRS A 5 U HS ZA] 949 s gc)

MATERIALS AND METHODS
SA= 2 0

2 AFo|M = sBAAAF SHINFAIA Aol A Helsh= SH BE A=A (KPN: Korean Proven bulls Number) 94652} 7
ZEE 2| GolA] AFSFQI SHP 1,722 F5 FA|5to] A of| 0]-85F1 T Genomic DNA &2 MagMax™ DNA Multi-Sample
Kit(Invitrogen™, USA)E AF8-5}3I T} S GeneTrack™ Hanwoo Genotyping Kit Verl (GT1)(EIE] 2| W 2] Lid., t$Hil=h)2 =45
=-71415}3](ISAG: International Society for Animal Genetics)2] AL B4 117H(BM1824, BM2113, ETH10, ETH225, ETH3, INRA023,
SPS115, TGLA122, TGLA126, TGLA227, TGLAS3)2}F /d® uhA 27H(X, Y)7t & vh MEE AH8-seict o] 2k &7 3~6bp
o] 2 M P& 918k 4+ 1= GeneTrack Hanwoo™ Genotyping Kit Ver2 (GT2)(E] A E 2|4 %] Ltd., theHI =)= 137]9] npA =
AJet A E(BHXC29 14, BPC1 13, BPC1_15, BPC19 08, BPC21 10, BPC7 12, BTEC17 09, BTEC4 11, BTRC11 03, BTRC16 05,
BTRC19 02, BTRC6 01, BTRC9 07)Z ©]-8-5}1 thKim et al., 2020).

0{Zgre| Multiplex PCR =

KPN2| GT1 a1 9] §AAE 2 Sherligatd Aol M 371E nbA AR E E-8ofo] GT29] nhA 232 FES 7iA|et &Y
St A Z(9465)5HS A7dsto] O o2 ARESHSITE GT2 v 2] Multiplex PCR %2 GeneAmp®PCR system 9700(Applied
Biosystems™, USA)2 AR&5l0] A2 £3J5}131th GT2 ulA M EE 0|83t Ag] o] HS-oH2 Genomic DNA (20-50ng/ul) 2ul,
Primer Mix 710, Hot start Taq DNA Z¢H8 4 (GenetBio, Korea) 1.5110, 10X PCR reaction buffer 3pul, 10mM dNTPs 2.4u0S 471k &,
D.WE- o] &350 Z 20ul= 2443kt GT2 A AlEQ] PCR 2712 95°Col|A] 15827t Pre-denaturationS A A|SH 5 94°CollA] 1,
Annealing TemperatureS 60°COll A 1°CH] & 33] & W& 7h 2+t 142, 72°C 1822 leycle= 510 F- 35 cycles®] Touchdown PCR= %l
YSFA L, 65°Coll 4] 1A17F 52k Final-extensions 21345t 5 4°C2 55}t
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Op{Z=Ete] MSO SN gt

PCR Products= Hi-di™ Formamide(Applied Biosystems™, USA)2} GeneScan™ 500LIZ™ dye Size Standard(Applied Biosystems™,
USA)2] £3H= 9ot DWE 4*4 AJZ1 PCR product 1{0E E3t5t0] 95°CollA] 327t H/do] LdojuA| star, ¥/ el S 5-A]A]
717] 9Jstod 4°Col] Bykstet 1 &, 3500xL Genetic Analyzer(Applied Biosystems™, USA)E 53l ZA|T 27| &S AASH &,
GeneMapper™ Software 5(Applied Biosystems™, USA)E- ©]-8-5tc] B34t 27|15 At 24 & ZH upA9 allele JH=
Microsoft Excel Program (Microsoft, ver. 2013, USA)= ©]-25}o] 2|53 th

|*§7:"=|M OXA C|FAM gl XIX|=tol

SHE F oA 2R allele A H = 2] oA A Eel §44 thf/d Q] A Y 52 221517] 5k R software2] ‘adegenet’ ]
7| & ol-g5tod 7| 2EA A 9 o A= ekt T, F | 2o XIAF A =& H]ast7] 95t 202419 HEA|
o dafHAAAGANA GT1 A 9] F2 02 XA} 24X 7k UEhd 7HA1 & tld o= ohe 7394 2R 24 Al ARl (http:/
ped.ghanwoo.co.kr/login_user/) 2= SNP 52 &2t oHH| & S 7§A2] GT1 PHA 732+ A1} GT2 v |48 & 57
2 FAIste] A& H st

|t

0l

RESULTS
D =gel 71xEA 24
KPN 94658 t-0.2 GT1 01712} GT2 07 9] 7] 57 41 THe Table 191 A 4|50} SIck GT1 ol A 2 o712 4]

3E
oJgt F 11719 vkA7E GT2 v & 13719 kA7t 715 EA 2ol ALEE] Ach(Table 1). ZF ok 235k ch-R-71zt
A3}, GT1 = s -FAF p7F 6700l A 177170A] thet ' 915 2Bl om, s+t 104712 i -F-927F gl =] )ik, B, GT2
oA = A2 9271 3710l A 870 = WERLAL, st 44709 iR A7E &Rl = of GT2 mEA o] tHE /73 2F 47t GT1 REA =
th 50% o) A2 o2 ERlE et = o] FH = (Observed Heterozygosity; HObs), 7|l 0] 2= (Expected Heterozygosity;
HExp), T/ A & Al4>(Polymorphism Information Contents; PIC)+= GT1 OFH7}F 22} 3 0.777, 0.766, 0.733 0.2 2 T} /d =
Z vebd BHE, GT2 0H = 2474 0.531, 0.545, 04930 2 A2 o 2 Yo gy A JHE Bt

Table 1. Results of basic statistical analysis of GeneTrack™ V1 and GeneTrack™ V2 marker combinations (continued)
GeneTrack V1

Locus k N HObs HExp PIC

BM1824 7 946 0.737 0.729 0.683
BM?2113 12 946 0.745 0.744 0.706
ETHI0 8 946 0.809 0.783 0.749
ETH225 9 946 0.697 0.691 0.647
ETH3 8 946 0.773 0.753 0.711
INRAQ23 10 946 0.801 0.781 0.752
SPS115 6 946 0.72 0.711 0.666
TGLA122 16 946 0.847 0.839 0.818
TGLA126 8 946 0.671 0.662 0.621
TGLA227 13 946 0.852 0.85 0.832
TGLAS53 17 946 0.895 0.888 0.876
Average 10.4 946.0 0.777 0.766 0.733
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Table 1. Results of basic statistical analysis of GeneTrack™ V1 and GeneTrack™ V2 marker combinations

GeneTrack V2

Locus k N HObs HExp PIC
BTRC6_01 4 944 0.424 0.42 0.378
BTRC19_02 4 944 0.727 0.686 0.627
BTRC11_03 3 944 0.347 0.357 0.318
BTEC17_09 5 944 0.765 0.75 0.707
BPC7_12 4 944 0.371 0.368 0.342
BPC21_10 8 943 0.633 0.639 0.613
BTEC4_11 4 941 0.6 0.596 0.54
BTRC16_05 5 943 0.438 0.45 0.372
BPC19_08 4 944 0.601 0.566 0.477
BTRC9_07 3 937 0.209 0.351 0.319
BPC1_13 4 944 0.645 0.667 0.604
BHXC29_14 5 943 0.697 0.693 0.65
BPC1_15 4 932 0.448 0.545 0.463
Average 4.4 942.1 0.531 0.545 0.493

S 07| xgte| A Ciekd 2M it Hlw

GT12} GT2 v 23] §-44 th/dol| gt A vlawstr] fls & v 23e] tigd fAdxke W g AlLtsto] 544
o B8 4353 thFigure 1). PCA(Principal Component Analysis) A0l A= T X ©o] AL ko] JALSH A1tS UERH o
o, A2 GT1 uFA 23] PCA7}4.67%, GT2 B 23] PCA7} 1038% 2 5 e 420 Az S Bk

7| ZF Genetic Distance(GD) A oA &2 & nEA 232 fAFSE A4 A 2] S UeblthFigure 2). GT1 B 2ol A] 24
7 2]= KPN17391} KPN1742 Atolof|A] 0.1239] GDE &R1E|9lom GT2 A Z3Holl A 24 7 2)l= KPN950z}+ KPN1566 Ato]o]]
A1 0.0272] GDE Bt o]= 7iAE GD Al Aol A Z}o]7F 2AlHS HojZ},

FA 2SS Admixture BAJl A= GT1 A 23} GT2 ol 2 o] A e 4 e 774 A2 Fe7t L7 FABH
UFEFSEA| R GT1 PHA 232 O ohget til-fa Ak 29t 23ksto] 54 A2 /ol Al Al et 24 Ak A5k th(Figure 3).
% b 23] A5t Kevalues 12 39159 0.1, KovalueZ} 2713kl whet OV error?t Z2716H= AeFS B9t}

PCA plot of GT2 genotype

( A) PCA plot of GT1 genotype (B)

0
.

PC2 (2.26%)
0

PC2 (4.76%)
.
.

2

PC1 (2.41%)

Figure 1. Comparison of PCA analysis results using (A) GeneTrack™ Verl (GT1) and (B) GeneTrack™ Ver2 (GT2) kits

PC1 (5.62%)
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Heatmap for GD of GT1 population

Figure 2. Comparison of Heatmap analysis results by nei’s genetic distance using (A) GeneTrack™ Verl (GT1) and
(B) GeneTrack™ Ver2 (GT2) kits
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Figure 3. Comparison of admixture analysis results using (A) GeneTrack™ Verl (GT1) and (B) GeneTrack™ Ver2
(GT2) kits

T O =ete| Zixtetel UXlE 2ol

HEAS i FA4 MZAE S 918 & 1,722 9] o A3} o] 59] KPN HH7F 423 =] of A} &elo] £33t o] &
289mte] 9] Fa7t FE/NFRA S TlofEjHo] A0 HAF EUX| &= FRlEglon, o] 5 s Ast7] fls) THesiFAtaolA F7iE
KPN 5,00072] SNP 7§ H.5 2-85}0] 7H58H KPN 2| AE0A] 2067]2] ofr] HE ZZ3513let. Tefut Ele]A] ok 8371 7HA]
off thal A= GT13} GT2 WFA S 0]- &7t XAF &l F 21 24 0] 43 5] 9;1':}

GT1 07| {2 JE2E3F, GT2 i §A2 R 2 E 165771 A7 23] 235 Ueblth GT1 riollA geld 15
GT2 Aol A E Y| & YEpom, GT2 atAollA] ERIE 25 GTI DH’%OHH BelE 1659t T8 AR FRI=| Qi) o] X
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FE pANA 2 R7EERIE 17nhE = o o FRA WA A EA0IME dA|she AakE BT Z1eiu U A] eontele
318 3olo] Br155}0] G4 AFdol| A A2 =] et
GT1 77 ZollA Z 5 SL2]7F FRIE o] f= thdt e o] 292 23wl Aoz BAHH 2] ¥zs 171
of| A Z|ti 107§7FA] 1]l oH, 4|4 0 2 BMI1824, ETH225, TGLA227-2 ZH2} 17]9] £ %], INRA23-2 27, ETH3, SPS115,
TGLA126 217} 3719] B U %], BM2113-& 470, TGLAS3-S 570, TGLA122%= 770, ETH10- 10702 714 B2 U 2] £ Lpehydich

DISCUSSION

GT1 utAet GT2 v AR 9] 712 B4 &4 23t tiE 542} 4(allele count), ¥ o] FH = (Hobs), 71t o|FHE =
(Hexp), TFEA A B Al4=(PIC)= 22t GT1 vk 28 Ho] GT2 upA 23R 5979, 0.246, 0.221, 0.240 =2 %2 H Tk o]= GTI
np7 Zgto] thd-fAAke] 47} ghot 44 WHo| AR E o Ho] ol Jlof, Ak o2 =2 tad/d S 7H v 234l U
EpdliTt.

T2y 473 o] A A3kFigure 1~3)0l14 ZQ1E PCA plot, -7-%12] 7 2l (genetic distance), 7% AdH-(genetic component)2]
P2 F opA R3to] 4ds] fAR tiES B3k oigh {4 A& BAoA e thg/do] =2 GT1 vl 2 o] Bt Algst
TEo] 7Hs5tth= Foll A 991 & Hol= 2o &2 ZRl=qint

=2 714 &3 W= (Probability of Identity; PT) 2o A= GT1 uf# 22 9.48E-13, GT2 uF#] 22 1E-082 oF 1E-042] x}o]

£ YeRt o] 2 I8l GT1 vpA 23o] 524 gRloll o] o MY ARl A= 7he 4= Jloh 2| GT2 vhA 23t gt Azt
i

o

k3008 £t -FE= S AR T EE 1T nf) FE5] B2 5 A £ RlEE Hoj, A Fol|A A EE 7S 2
ZF0 Q22 ERIs 4= Q). whetba, = opA 2] HHhd S WS Aokl 28 WehS HESO 2 Alol|A] 2% o] gats
gt geig=Rehyd Sii=

2 Aol HFR DX o HE =R 3]~— IPYoll= 2 7HA] SHAI o] EAH5HI T 94, KPN 50007 SNP E 7} 2|4l 0 & o]
E ] Z] 2o} KPN1467 0% 7iAl= &elo] E7Hs5k3ith SNP RS ol XI5 &elo] E7Fs3lH 8675 2= GT1 ¥ GT2
opA 233 AFgsto] f3A1Y e 9 315 27|15 e85t At GT1 vl 22 2|4l KPN7HA] 2 ] f-432k o] g7 = of
o] A KPNS t/d o2 X5 =elo] 7Hs 3t §HH, GT2 v 232 sk 7R Aol 4] 22 7iA19] A1 g7t ol

|

& Al7]ol E 55 dglo]E| 2, KPN1744 0| 52] 37218 &7} glo] GT1 vl 233} 5Yeh 2710 2 H|wa}r| o2 ol YA
ok, 22U KPN A E7E Q= 7NAl= 68F = A4 o]l 7] wiiol Axtel] 2 G2 nlxI A= G Aoz HiET HE4 o,
X E7} 3HolE| 2] 9k 697l 9] G HAFE A K= KPN o] Eju]|o] Ao A] 2| & &9l

AEOo] ZAF Arh ZE 2ol @ Fuf 27F FHZ Q15| KPNOlA] IR 25 4= gl A7 241 £ 25 Esigih 2
Atz GT1 ok 23] £ 30t2|9] 318 A2 S SIgH A, GT2 kA 28-S 16012] 2] 2R A2 2 HF2 0 2 Flsto GT2
np7] Zeko] X7 FelojjA] FiA oz @ 77F 42 AutE ol ok, X E AX] Aol A GT1 R 289 002188063447
51002197728631 7 7HAll= GT2 M 293} S Lot Y& LR HHH, 002188064398 7HA= GT1 B 2ekollM 215 L2 & &
I oLt 6T2 v 2ol A= 170 vk 9] B Y| 7F YT (Table 2).

[¢] I.N
I‘_L
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Table 2. Hanwoo SNP chip paternity match results and differences in paternity match between GeneTrack™ Verl and Ver2.

7IA ID KPN ID GT1 GT2 Hanwoo SNP Chip
Z121ER] B oA 2 AE ARl X np glAE 2RI

002135225201 KPN1029 HE<2x  ETHI0/ETH3/INRA23/SPS115/TGLA122 / TGLA53 ] - %]
002194658970 KPN1076 HE5%] BM1824 / TGLA122 / TGLA126 ] - A=]
002194655839 KPN1423 HEx] ETH10/TGLA53 A= - d%]
002194655806 KPN1423 HEEx] BM2113 / ETH225 / ETH3 / TGLA53 dx] - d%]
002188063447 KPN990 U3 - U] - A%
002168651628 KPNO50 — HEx] TGLA122 / TGLA126 / TGLA53 24X - x|
002178622288 KPNS72  HEUZ| TGLA122 ] - =]
002168592973 KPN950 HEUZ| ETH10/INRA23/ TGLA122 ] - d=]
002153624832 KPN872  HEdx] BM2113 / TGLAS53 2] - A
002166916822 KPN872 HEQx BM2113/ ETH10/ SPS115 / TGLA227 2z - Qx|
002185706169 KPN14l6 BEAZ| ETH10/TGLA122 / TGLA126 U3 - A%
002179342069 KPNS72 REUx| ETHI0 Ax] - A%
002185707872 KPNS72  HEUZ| BM2113 / ETH10 dx] - A%
002197728623 KPN1064 HEU% ETHI0/ETH3/ TGLA122 Az - A%
002195902011 KPN1064 HEAx] ETHI10/ SPS115 Az - d%]
002197728631 KPN1064 Az - A - d%]
002188064398 KPN1416 U= - FEAUA| BPC7_12 A=

GT1 % GT2 BHAolA] 2127} 1 ZHA SNP 0 S o] 88 3h9 SR 1A 727 B4 AlLRlolA = 25 A3k Dt
£ Hott o| 2 Ql&l, Xz} &0l Qs XAty HEE AFES uff GT2 0FA Q] AR HEE S| 1 sh= 2ol Qs 49l
&2 Felalaint

MS OFAHE o] &5t X1z} ERlof| A HhE A F o] U7} Hlsk= 2 Y9lo 2 24 ¥y EiwH ol 7} B 1|3 Q)th(Chandra
etal, 2022). ©|2{3t EIH 0l = FRZRE 2E0 2 FH = I ol A BT 4= 3100, 53] dinucleotide {5 A €2 THE HHE
AMPo]| H|sl| EAHo]&0] w2 Aoz FHHT o2|gh EH /-2 BA| 2ol A slippage B/ o= Q1) HHE Sl7 H 52
7Hs/dollA] 71915 = 71 0. 2 291 th(Huang et al., 2002; Chandra et al., 2022).

o]t o] -2, XA} &Rl AAto| A 1~2709] upA ol A 2L 2|7} YT -9 =R o] 7Fs/d 2 1T 4= 9lom, 37} o) 4de] mt
oA L] 7FEYshH ZAF TA7E oA b= A& wekstr| T st TEoh A 2of| A AFSH WX GTIolA AMEE =

nAE0) 3he-o] A FA} HRE ool TAT B9, AR A FAA] SFolu vt U9 AU THs A= 1P
ek i

gt 2l ffsiA = EdHol7t A m RS 22 9 A1 AsH M 971 D& A3 sk 2ol Bast,
o B2 ME2 tEsto] s Wash= 71 7hﬁlﬂﬁ}
CONCLUSION

B AN HAt 2Rl HHE= 24 BEE ATt Al 73 nple AT E SR8 242 283t o5 I
sl Zha 0 2 #ajsly] SfsiA = AR A F9l Msu ] Ao 2353} SNp oo l B -l et chfat 2Bt vl S
o] g3}t

A ANLE v RE 7S 0 B, B HAE H]-§ ZHol|A = MS I} 7 SNP uA BT} A 2 ok A o] itk 1

U lole] B85 § 52 242 Tef3 u, sNp oA S HESHE 2] BEY 4 s
3], 5% 7} ol o] SNP 4.2 B85 XA} hele M} Al=le 4 s AT A2 4 9lo],

dlojEle] gz} Aol o f2lsith &
ol 30 welal7] glat et
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3} A oo ° @5}t
wEbA, A1 ZEAd ) elole A g2 BF Algfste] MS ni ek SNP 1A o] 282 Zel5A] dAlsh= eko] 27 o]
2l G2 B9 Al Aol ET AT BE AF AAS TESE o) slofet Holct

BT 2T pid
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