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Abstract

The estimated breeding value (EBV) and accuracy of Hanwoo steer (Korean cattle) is an
indicator that can predict the slaughter time in the future and carcass performance outcomes.
Recently, studies using pedigrees and genotypes are being actively conducted to improve
the accuracy of the EBV. In this study, the pedigree and genotype of 46 steers obtained from
livestock farm A in Gyeongnam were used for a pedigree best linear unbiased prediction
(PBLUP) and a genomic best linear unbiased prediction (GBLUP) to estimate and analyze
the breeding value and accuracy of the carcass weight (CWT), eye muscle area (EMA), back-
fat thickness (BFT), and marbling score (MS). PBLUP estimated the EBV and accuracy by
constructing a numeric relationship matrix (NRM) from the 46 steers and reference population
| (545,483 heads) with the pedigree and phenotype. GBLUP estimated genomic EBV (GEBV)
and accuracy by constructing a genomic relationship matrix (GRM) from the 46 steers and
reference population Il (16,972 heads) with the genotype and phenotype. As a result, in
the order of CWT, EMA, BFT, and MS, the accuracy levels of PBLUP were 0.531, 0.519, 0.524
and 0.530, while the accuracy outcomes of GBLUP were 0.799, 0.779, 0.768, and 0.810. The
accuracy estimated by GBLUP was 50.1 - 53.1% higher than that estimated by PBLUP. GEBV
estimated with the genotype is expected to show higher accuracy than the EBV calculated
using only the pedigree and is thus expected to be used as basic data for genomic selection
in the future.

Keywords: best linear unbiased prediction (BLUP), estimated breeding value (EBV),
genomic estimated breeding value (GEBV), genomic selection, genotype
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Introduction

ZU|9] 87 AH|TL 2010 431,299 E004] 20194 672,0005 0.2 2751911, 1919 87
8.83 kgl A 2019 13 kg @ 2 Ui 31535] Z7F5H= A 0| CHKMTA, 2021). 3H9-2F +91-8-0] &2
ZAMAT P, A 83 FUAEE BRoA ghert 48t A 0 & Ueh ) FESH FAAY S
T}l B 1% Q] 9 1(Choi et al,, 2017), o]of] whet 39 AFA-2 Anjzte] 0.5 SEA17]7] el §4 T PO
oSt 2|42 Q1 7iEFo] o] FoA] gttt 53], he- 4t T 882 Wol AL = AN H- SH5HE T 15
FolAH1, 13 23-80] 2009 57.2%01141 2019 88.8% % 27}t 718 £l 0] thst 7o) HaA o g
o] Fof x| i Qlr il FTHETY,

A 7S Sl s TE A Fuxs e &8 goh 5
B - Henderson2] BLUP (best linear unbiased prediction)s ©|-8-3F 7= 7| &0 RHAFHYEE THZ F

St WHAlo| M FH PG Hol| FFE F= ol EHAE, A 5 o8 &34 8213 3ty o= HAgsta 7|
5 HE &85t 48-57HEBV, estimated breeding value) S AlAteh= W O 2 7152] 7o 2 9

ATH(Parnell, 1984). ZL&{L}, BLUPZ ©]-83F 858 H7H= S84 H7}F gAY n|&3t 7iA|e] 49 E<
o] glo] EBVoll tigh A& 40| E7Fsotal 22 g 712l fJulj 7he] {4 ’lo]& AlhlstA] 23l
A3 EBV 70| o] Fo]A 7iA|e] F-A] Ato] doju Aehst f-4-5H W71 o2& 2=t Bl Q]
(Shin, 2008, Hefther et al., 2009).
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= &3 sHE F4otes HoE Y FHEE &3 pedigree BLUP
(PBLUP)EC} =2 ek F74o| 7hsotrtal HuE o} F4t Azl =ol A= f3A4] A2 F genomic BLUP
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(GBLUP)Y} Bayesian®] A &S AHE-5F0] 7394|857 HGEBY, genomic estimated breeding value)E 578 5h=
A7t F7H4 0 2 B 1% Q) O I (VanRaden et al., 2009, Rolf et al., 2010, Su et al., 2012), =W o)A = $H2-E T
/O &2 EBVE} GEBVY] FE T & H| 1 FA k= A7 2dhs] 2188 %| 11 R TH(Lee et al,, 2013, Shin et al,, 2018). T+
2hA], 2 5= PBLUPY} GBLUPL. 2 4 5719t A= & H|al 2A41517] Qs A9 & 2 417
HE ggaoto] AP do) tigt S-F7tet A= E F7g5Hict

Materials and Methods

2 Ao S AHNTL AAI0] AZH AEAOIA AN 4650] Eol, Rlo| M E D YA
ket BERARE Ao} BAo] ALRSISIT) HAREUWAUT (hEREE R soA Aol
2]o

e = s
A RS BE3te] GEBVE Z45H GBLUPOIH, 2 HAMH & At Biitho] Bad HREE 2
GRANAR)Z B0 AR o) BAASE 25k EAYHEL W RIS FHUC £ B
AP Qe FxTol Bastth G H BENTHL YR BRI ]2 W Y FAYHRE B
3 545,483 0] B, Kim 5(2020)°] A-88 24 Bt 5U ko 2 2 olof AL gaiict FRY DI E £
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A study of the genomic estimated breeding value and accuracy using genotypes in Hanwoo steer (Korean cattle)
A 2 FAFHEES HAE 16972700 AT F2AT T, IT7F 2R3 ol ohsf Table 101 LreRTh
ARG} F2AG T, 171 3502 HRd HAPAHHE SYUSAAE R TG A201445 ZAHES
S AR |E0l mef £F & 24A1 I & TAPE S ST 2AlT 2 2 YA Y der &
AL, SHURAL 29 FReA| 125 Alo] S HET3 120 2 WrAstel HF FEEC| WAL WA
2 S5tk SAFE SATRHA L L EEN S wet R0 7 379 24 = o7t A S SASIS
o, TR = SATHHA S H oA 28 W AW HZ T E 7|53 (1 = devoid and 9 = abundant)?} H] w5}
of &¢Qko = S5k
Table 1. Details on population and distribution of data
Population type No. pedigree No. genotype No. phenotype
Test population 46 46 46
Reference population I 545,483 0 545,483
Reference population T 0 16,972 16,972
PBLUPR2Z EBV =4
EEAEY FATAE 75
PBLUPQ] 7% @54 R E &-8-510] 7iA] 7He] & AYHA = (NRM, numeric relationship matrix)S- 7-%3517] 23}
;Hgl—a} o:liﬂiﬂ. o 95} o:].‘f:.]‘]ig £2517] Yo AA- G AT 9] 7]-]}1]0]‘&:]&]2_ (}\}-)T_]-:‘,_Il_-_
ST oIM EE8HE 225 53l 3th7kA] A6t 7S 5T 241 2] 801442 213l Animal
Sire ¥ Dam S 2 % H5}aL, Pedigree viewer (The University of New England, New England, Australia)E- ©]-8-5}04
STE B o[ T Auid -2 A AISHATH(Kinghorn and Kinghorn, 2010). ©]%, -8 XA 2jo]] 28 R (R
Foundation for Statistical Computing, Vienna, Austriays AF8-5t0] SE70A L 2L 2| S+, EE HH3
S F2HT I 9 7HA =5 33 NRME 7-55to] EBV 370l AFE5EltH
Az
HE &-83}o] 7155 NRM= BLUPF90 (Misztal et al., 2018)2] single trait animal model= AF-&-5to] 2
H EBV, 0l|& 2 2FH XHPEV, prediction error variance), F-A24E 245G A G =S A, S €, ==
P A2 o2k ZT(Henderson, 1975)
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GBLUPSE GEBV =X

SRR FAXNIEATAE 75

GBLUPS A YR E &-8sto] 7HA]| 7He] -3 A1E A2HA = (GRM, genomic relationship matrix)S -5kl
GEBVE F7g3tth. &40l AREE RAAI B E 35t ] ol A7 L FERHG2] 2 9 Yol =35
14 genomic DNAES EHE 5911, Bovine SOK SNP BeadChip Ver.2, Ver.3 2 Hanwoo S0K SNP BeadChip (Illumina
Inc., San Diego, CA, USA)= AF&5to] FAAHEE 45T 3 t-85%F FH47 = GenomeStudio
(Illumina Inc., San Diego, CA, USA)S A}&5}0] Plink 1.9 (Purcell et al.,, 2007)0]] 23t 4] 0 & HStA|ZiT) o] &,
AT F2HD o] FAAEEE 35 SNP I ES T4 47,450712] SNP ulAE S SFR1AL, Plink
1.9 program®] quality control 3431 MAF (minor allele frequency) 1% BTt missing genotype 10% ©]/3, HWE (Hardy-
Weinberg equilibrium) 10* B]THS- AR8-5}0] ZH2} 2,493, 1,106, 8,942712] SNP B}A S A| A5 T 2] E2] 0 2 34,909
7i2] SNP I} 2 GRM2 55191 GEBV 7 ol AR&-5HIT.
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GBLUP- PBLUP 5 St 1 §3HE o851 out, 7HA)| 7He] @ A4 WA AI+E 7HA] AL Q= NRM T4 &
HAAY B E &-85lo] =5 GRMS Y5 GEBV 342 435191t A0 AF8-H Egtr g Al L 7=
3} 55t ofefje} At

y=Xp+Zu+te 3)

G 02 0
Var(4) = ¢ 4
() ( . 1(;§> @)

017 M, y= =P A BE Aol it He), X T E 2l %ﬁ‘i o, #3 Y 5%—%1%1 %Oﬂ oigt e, B
+ 2=l digh =] 9] HlE], z= ZiAol tigh e 4]

o] @xto] WlEjo] il E(y) = X8, Var(u)=G = Go>, Var(e)=R=1¢g", COV(,Lt,e) = 00 7143}t
Var(y) = V = ZGZ' +R7} €t} of7]4], G GRMOTL 0, = A7He 9284k o) = 9lo] s Batolt) &

A2 PBLUPOIIA] AHE 3 S A2k W 0 2 Aisleic:
HeT 5

PBLUP GBLUPOIIA L2 PEVE ofelieh 22 7 A5 ARg-dto] §5712] e s 7453l

Acc =/1—(PEV/s?) 5)

o] 71A, Acc= 2 H 8E71] HBH = PEVE A H 8E719] o2 o A2 AE g 2= A7 H] -1 BAko|th PEV
= 7iAntch 29 8-E71e] .7 Ha Hejo|H, ZF EA v o] S5tmgriy Alof thet A2 = v
Aol A A DS 4 3L = BLUPFIO 1 7] A 2] REMLF90°2 AJ4keh 4= Qlct.
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AR o] e g2 Rl 4= T

§¥

—~

mlo

Korean Journal of Agricultural Science 48(4) December 2021 684



A study of the genomic estimated breeding value and accuracy using genotypes in Hanwoo steer (Korean cattle)

Results and Discussion

PBLUPOI| ARS-3F 2T T 2} GBLUPOI| ARE3E AT 9] 42 B+t 307 ol =55 iAol i 74
kel 3¢ Bt 2970 oll =5 7HA| 2 247 AJ5H oW, o] 59] 7| 25 AIF= Table 201 YER AT 7+ 7
o] B4, SATHA, SAEA, SR E] ot EEHEAH= A TollA] 446 £ 43.6kg, 98.3 1 13.6
e’ 14 £ 4.6 mm, 6.6 £ 1.7 02 VERG I F2 AT T oA 431.1 +43kg, 91.1 £9.7cm’, 132 = 45mm, 5.7 +
1973, IZH G o)A 4399 + 51.3kg, 94.8 + 12.0 e’ 142 + 49 mm, 6.0 £+ 1.98 2 2 Vet 23T 1L
Kim 5(2020)°] AF&-SH Jetat 7Hg-0 2 A% 7|2 5AFS 7HIth Do 5(2016)°] 15t j-gof uk=H gHe-
Ao A 8 A kel =A)|F, SATHA, SAEA, FTWHAGEE357.1 £ 61.8 kg, 81.8 £ 11.5 em’, 112
+ 5mm, 424 £ 213402 2 AFAIETE S| YERGET], Lee 5(2020)2 SHAEE Aot ¢4, g4
g A A2 v]gol| A UEp= 2folet 57 o] Xfo| 2 ZAlo)| AbS-ohe= AT 7| 2 E A 2o 7F YR 4
ATHL B5HRIT 20199 SAMEEAIA B AXNR-L] EAlF, SATHA, SAFA, AL =7} 445.8
kg, 95 cnr’, 13.8 mm, 5.9%] 0 2 X 11519 T(KIAPQE, 2020), Lee 52020y L =2 AR50l A 78 Hk
o] =|F, SATHZ] SRR A=} 431.77 £ 5143 kg, 91.22 % 10.75 em’, 1330 & 5.14 mm, 5.66 +
1.88% 0 2 B UsIel=t, & At 2 Ad el fAFsH Uebsth et 30712 P oll E5tchs LR AR
57t 399 §E7FE F4517] oAl A 7HAIeE fARRE 712 EAIEE 71 R Te] HestH, 2 A
of AFEE HAAH G FRYS I, [T+ IRt AN 57HE T o= §371 4ol ARSoh7] At Jdo =

AT o] 5 HEE &85t PBLUPY FERYTI 2] FHAAYEE &85t
GBLUPL. 2 7%t 53153 Table 30| UEFITE. =A1F, SATHA, SAYF7, WA E 9= PBLUP
9] R 0.587,0.416,0.476, 0.571°] 2 GBLUPL] -F-12-2 0395, 0.347, 0.363, 045302 = 2 0Is o A AJAt
H fAY2 FEolA 1Lkl HHE 7 oH, 7P =2 332 71 P42 PBLUPOIA T4, GBLUP
oAl A= e T 71 Yo g 1S 7 22 pBLUPRF GBLUPOIA] SAITH A 0 2 Lielyit},
w HH, Kim 5(2020)°] B3 =x|@ 2] fxeat 2 oAy}

eht A2 HohElth Park 5202002 2 AS TIAL O 2 T A=
H 24 A2 7427} 0.50, 0.37, 0.35, 05302 Hsllon B
A AR SA UERGTEH Mehrban 5(2021)2 SH7HEFAIE ol A] AARE H-5 i 0 2 EA1F, SATHA,
SAGFA, THA =] thet G A 23S 747} 0.38, 043, 0.50, 0.612 B 5H 00, =458 A 2]t
U] F-of|A] B Ao} S ARSI T GBLUPS] §-A R4 A of] Wt AP A1LE Aw | Shin 5(2018)
She- AAS I 2 TA|F, SATHA, SAGFA, TUHA ol thet -F-8 24 A1HE 0.520,0.413,0451,
04342 B35 o, AR EE A5t L 2] P ol A 2 A Azt ot =4 et Utrera?} Van Vieck
(2004)2 1962 - 20047k ZAI3t 72709 bovine +=E= ARSI EAF, SATHE, SAHFA|, AR =
o] g & o] 21z H 040, 0.36, 0.40, 0372 E5tP o0 B A1 AT = GBLUPL. 2 34 W -G48} gL}
At

o
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Table 2. Descriptive statistics according to reference and test population.

Population type No. Trait Mean SD Min Max
Test population 46 CWT (kg) 446.1 43.6 350 547
EMA (cm’) 98.3 13.6 76 142
BFT (mm) 13.8 4.6 7 28
MS (1-9) 6.6 1.7 3 9
Reference population I 545,483 CWT (kg) 431.1 43 303 551
EMA (cm?) 91.1 9.7 65 116
BFT (mm) 132 4.5 1 25
MS (1-9) 5.7 1.9 1 9
Reference population I 16,972 CWT (kg) 439.9 51.3 125 692
EMA (cm’) 94.8 12.0 30 156
BFT (mm) 14.2 5.0 1 47
MS (1-9) 6 1.9 1 9

SD, standard deviation; CWT, carcass weight; EMA, eye muscle area; BFT, back-fat thickness; MS, marbling score.

Table 3. Heritability by trait according to the analysis method.

. Heritability
Traits
PBLUP GBLUP
CWT 0.587 0.395
EMA 0.416 0.347
BFT 0.476 0.363
MS 0.571 0.453

PBLUP, best linear unbiased prediction using pedigree; GBLUP, best linear unbiased prediction using genotype; CWT,
carcass weight; EMA, eye muscle area; BFT, back-fat thickness; MS, marbling score.

Cho (2013)2} Miar 5-(2013)2 342 740l Qlo] BAJo)| ARE &&= A Te] AA|S:, 27 H §A 24 52

2 fHEAte] Auprh Debrickal B 15, Lee (2012 PBLUPCS 2 373t R4 o] 49 54K 7|Hto &
TF=5)= NRMO| Hldlg|o M= k7t Aol full sibling) 0.5, HFHlj(half sibling)2 0252 ¢ E k. Bl
s3ict o5 &3l B 5=l wt PBLUPS] °é°d7jﬂ* nﬂ%mo} oA A e gl ] o v v
EH, 2 d5tolA 34 PBLUPS] 182 SEH DA gho] S71gtel wheh F4sloF & At el
7} 2o} G o] 2718t 2 0 & AJzhelr) i, BLUPJ GRM-2 NRMA1 & 5L et A =2] 3tgto] of
d ZE 7N AR 7 R 2 atel & Bal 2 E EAASE AHESH | el S5 F A4S Ztol PBLUP
Het A om, thefet @ 2P 915 7Hof) whek 2R te] glho] 717 fid o] gt 2l o= A ZHETh

HaE =7

nN'
rlr

AR ol st} FxHU 1 o] 5P EE &85k PBLUPT FXATN O] FAAPEE &85}
GBLUPL &2 3735t A2 & Table 40 YEFTE EXF, SATHA, SAFA|, AR E O = PBLUPS]
AEE=0.531 % 0.093,0.519 + 0.093,0.524 + 0.093, 0.530 & 0.093°] 32 GBLUPS] A==+ 0.799 + 0.018,0.779
+0.019,0.786 & 0.019, 0.810 + 0.0182.2 LEFF oM, PBLUPS] &= E T} GBLUPS] HZ 7} 50.1 - 53.1% =
Al 782 S ERIskih. A o] 2|ghat 2 ighS A, X|5:4he] 749 PBLUPE 2& oA H e
7h0o 2 Yehgtet, IR ke] @AA|¢7 Fobx Ao 7o) E7Fs5F1 AL, GBLUPE =415, ST
A, SAHEA|, FUAHIE 0 & 0.757, 0.733, 0.740, 0.769% HE 7)Aol A A& w A o] 7}55ich. XUzt
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o] AL =AF, SAEHE, AR, AT 0 2 PBLUP-S 0.607, 0.593, 0.598, 0.606, GBLUP-2 0.828,
0.808, 0.816, 0.837% zto|7} 3¢ 0222 Y=t ol = AT 2T 1 o] EHEE 53 NRMY
AA7E ARG IR Y] FAAYEE 155 GRMO] A QA SRt 3A 4= o] Yehd
A2 ekt

Table 4. Accuracy by trait according to the analysis method.

. Accuracy

Method Traits -
Mean = SD Min Max
PBLUP CWT 0.531 +£0.093 0 0.607
EMA 0.519+£0.093 0 0.593
BFT 0.524 £ 0.093 0 0.598
MS 0.530 +0.093 0 0.606
GBLUP CWT 0.799 £0.018 0.757 0.828
EMA 0.780+£0.019 0.733 0.808
BFT 0.787 £0.019 0.740 0.816
MS 0.810+£0.018 0.769 0.837

SD, standard deviation; PBLUP, best linear unbiased prediction using pedigree; GBLUP, best linear unbiased prediction
using genotype; CWT, carcass weight; EMA, eye muscle area; BFT, back-fat thickness; MS, marbling score.

ABPATE A EH, Shin 5(2018)2 YRF AFS-5719] 3H- dAE o= E& 3 RAAHEE &85t
EAE, SATHA, SR, ZUA ol tigh A= A2 A IS, 1 AT} PBLUPS] S e= 0441,
, 0472, GBLUPS] A& =+ 0.542, 0.509, 0.521, 0.5132.2 H 15} 91, Lee 5(2013)2 StHAA S

% fﬂ%ﬂi 5 4 FAAYEE &8oto] EAF, ST, A, A RS e g RS 4
T} PBLUPS] &= 0.6047, 0.6748, 0.6748, 0.7364°] 11 GBLUPL] HE=E+=0.6176, 0.6812, 0.6812, 0.7416°0.= H
LoPOﬂE} T AgATolA BEHEE E8oto] g 743 PBLUPEL UMY EE E-8oto] HT
7%t GBLUPS] H& =7t =7 FH =}l o, & A utel Babotqitt 1|9t Lee 512013)2] oA+
PBLUPQ} GBLUPS] % & §2 %= 2ol 7} Shin 5(2018)x} 2 A7-9] APt 212 212 RIsHI=H], Aol A
L =od4¢ fdr B EE o] gsto] 5T AA| 7S] ok PBLUPS| A7} =7 = ]l
ok B skoict we —(2019)% AANAZF 7HA 3L Qe Fehzi| 2] ool whet 7 L A whpck 2
A5H=E, o] Yyt P:ri7M Aol B¢ AAEE 7HA 271 Ho] @A RE o] &3 5H AN FAA
© 2 Helct wahA], Shin 5(2018)1} Zo] YRt AS-E7tol|A @A E7} AU vl &3t 7iA|9] B¢ e RE
g-&oto] F-458& F45h= PBLUPE T 5 U3t SNP AHA & &-&5to] 58 70| 753 GBLUPO| &1}
SO AT AAGT =2 AHe) A BEHRE 0] 83 PBLUPL 2 & HBHE 34o0] 7}
A0 & AR EHTh

I

0

M

BETE B0 nl2} SHE S5710| MEN

HI

AFEE AFZHEA S pRLUPT} GBLUPO.Z 243k /|| 82719} BHE ZhS o] 85to] Al
e o] FUHAIE 7HSE FFPoll 25k et &57F 4oleta & 4 Qlok

U
Hir

lo
o A

o
oX
i)
)
=2
n)
ol
9

[2AD T o) 54 EE &-85to] PBLUPLZ 37 BBV A2 FAUAAHES

J o =
2-§30] GBLUPO.Z 243 GEBVE g tte] ERY g Rol AuHia 2 £a) lantct 245 857t &
% ol Aobh 2 sHEA) SRISHL, T ATHE Fig 10] Lebich
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Fig. 12] PBLUPS.Z 7% EBVe} GBLUPL & 7St GEBVS] BXE TS A EH, thefst 23y 3he e}
U= A4 7iA=ell vlsh EBVE] #2271 6] 52 Ae Q1T 4= loH, GEBVE EBVET W&
& HeR L Qo =415, SATEHA, SAEA, ZUAYE -2 2 EBVe BY ghe] 4= 0207,
0.190, 0.318, 0.337= LEFGIL, GEBVRF EAY 4he] A= 0.673, 0.526, 0.454, 0.654% 2E o)A EBV
9] /FA|S=Et} GEBVY] A7} =2 A 9] A A = YERH T GEBVE}F EBVOll tigh A 4=2] -2/
A% AE A EH, GEBVY| pvalue 7 EA1F, SATDHE, SALEANA TE2] 804 <0001 B

AL SAEAGNA FES] F4(p < 0012 LHERLOR], EBVE] pvalue B A7l iR M=ol
e )M (p <0052 RAXY EAIZT SAITRIAGI Fol2el Aupt LhehtA] okttt Aaso] fol
X 7% Aol ALgH BRY 47 245 §oIHel Z3 % £ PHES Lrehditk, T, 2 AolA
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Fig. 1. Phenotype correlation with EBV and GEBV by trait according to analysis methods. CWT, carcass
weight; EMA, eye muscle area; BFT, back-fat thickness; MS, marbling score; r, correlation coefficient; p,
p-value; p < 0.05, significance; p < 0.01*, middle level significance; p < 0.001**, high level significance; EBV,
estimated breeding value using pedigree best linear unbiased prediction (PBLUP); GEBV, estimated breeding
value using genomic best linear unbiased prediction (GBLUP).
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