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ABSTRACT

This study was conducted to compare the accuracies of estimated breeding value (EBV), genomic estimated breeding value (GEBV)
and single-step genomic estimated breeding value (ssGEBV) for economic traits of 935 Hanwoo cows. The economic traits considered
in this study were carcass weight (CW), eye muscle area (EMA), backfat thickness (BFT) and marbling score (MS). The EBV analysis was
performed using the best linear unbiased prediction (BLUP) method by constructing a numerator relationship matrix (NRM) with the
pedigree information of 935 cows and 9,849 Hanwoo steers with phenotype data. The GEBV analysis was performed using genomic
best linear unbiased prediction (GBLUP) method by constructing a genomic relationship matrix (GRM) with SNP 50K information of
935 cows, and phenotypic and genomic data of Hanwoo steer used in BLUP analysis as reference population. The ssGEBV analysis
was performed with single-step genomic BLUP (ssGBLUP) based on the relationship matrix H, which is constructed from the
numerator relationship matrix (A) augmented by the genomic relationship matrix (G). As the results, the differences in accuracies of
GEBV and EBV for CW, EMA, BFT and MS traits for 935 cows showed that the accuracies of GEBV were increased by 47.17%, 42.56%,
44.13% and 51.17%, respectively. The accuracies of ssGEBV compared to EBV for CW, EMA, BFT and MS were increased by 47.64%,
43.02%, 44.60% and 51.41%, respectively. When ssGEBV was compared with GEBV for CW, EMA, BFT and MS, there were increased
by 0.32%, 0.33%, 0.33% and 0.16%, respectively. As conclusion, this study suggests that GBLUP and ssGBLUP methods for Hanwoo
cows are able to improve the accuracy of the estimated breeding value using genomic information. It could to help the management
of cows and the establishment of a breeding system in the Hanwoo farms.
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= o3 Z0] Tkl 5, 2012).

AN 3 fdAsE 7R Q] ol whet 715o] A Al DNA AR Aol 4-85ta1at A2 29| (Quantitative Trait
Loci; QTL)2} 1¥HH DNA markerS ©]-€5h= 0FA &A1 2 Marker Assisted Selection; MAS)©] 7Fs-5l1 %1 21 o]of| gt gk2 AL
7} o] Zo] & th(Lande and Thompson, 1990; Schulman et al., 1999; Dekkers, 2004). 2L}, MAS -2 2 3% 2HMajor gene)©l|
7118k o] olli= F-8ott FAFE 2 A2 E Zhs the] fA Rl olsf YEFS B0 = A5l of
50| EASTHE, 2013). E=3F DNA marker®] 835 +55}7] I3k 24 FThe] 24 5l FAJo] W2 A7k} H|-go] A QEH,
AR EE 23t §F71HE AlLtel7|7F B-6to] 715 Addkol] 3A] o] 85| %kt THHayes and Goddard, 2001; VanRaden et al.,
2009).

Meuwissen et al. (2001)2 22|A S 55l FAA W SNP &2 I%[e}F QTLIF ABEF o] EAlshe HlolEE AT = &
AAgEet SR 121 FAPHEE o] &5t 7IAe |4A §57H AlLtshs §44 AEH(Genomic Selection; GS) ©|
22 A& Aot om, AA Aol gt o] 22 AQket FA| 7+ B AEol|A The] RHA| HEE A7) 9ol o] B
2 H|-go] Zo 37| wjZel AAFoIA| otal AlEeo]de Fol fAl Ade] aitol dis) st L %, 2002\ 1%t
FHAH A = =2 A E (Human Genome Project; HGP)7} 2H&% (Collins et al., 2003)°]] wh2} QI7HEQE ofu 2} 7}=of| Qloj A= %A
DNAY 7| A Fo] HEATHEck et al., 2009; Green et al., 2011). ©]5 E3 7HAZF |- o] 7} Yehhe= ©d o 7] the A (Single
Nucleotide Polymorphism; SNP) ZEA|QIA}E- o]-g5}o] thfFe] G EE TAtof| A 4= Sl DNA B47]&0] F43] Wdst
R, HEo] FAAY BAH|G2] ZAE 7HAgT o] GSE 93t FAA A of) thgk A7t Es] 213 =] U ThGarrick,
2007; VanRaden, 2007; Hayes et al., 2013). VanRaden et al. (2009)= 7]&2] BLUPE ol AFESl= EE7|0ke] A +3H
Al F3A JEE o]-8oto] S DA E S Hol &&= 1S A|QHsA T GBLUP (Genomic Best Linear Unbiased
Prediction) B2 FHP A I H 27 F-AA AAoll GA 1A Qo ZH2ke] fak= 22 G3HE 7RIt Foth 2y
(Infinitesimal Model)S 7|¥FO. 2 $FCh(Hayes et al., 2009). 12|t} GBLUP 2 22| 944 HHE Zh= 7iA9r 8458 77t
7FeshH, FA| A H glo] 2l E HEE 2h= ZHA|ol tigt T4l 42 E7ISHh Misztal et al. (2009)2 -F234] 427} 1= 7N
A 2}F A R E Zh= 7hA|IZE Aetoto] A ABAE 374 5= 1 (Combined Pedigree and Genomic Relationship Method; H matrix)
= 3oL, o] & Foll Y FAEFNA F 7HA] FEjQ] Hlo|EE A3tsto] 7iA|e] 4353 S 7ok ssGBLUP (Single
Step Genomic Best Linear Unbiased Prediction) ®'H < A|QtsA T}, o2 et F4| HEE o] 85| 7iA|e] 58S Fok= A+
HAY HHEIF Y= R] 22 7l Aol| thiste] 7| & 7ol vl H} =2 At = 27|4do] 7h5sto] o] = Qla HTe] 44
NFFY a7t Ueld 4= Atk Aguilar et al., 2010; Christensen and Lund, 2010; Fernando et al., 2014; Lee et al., 2017; Misztal
etal., 2020).
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Mz S U
SAx=

A7 %] SHtest population)> LRFs7Hol| A AFEEQ] $H- 94 93550]| 0 o] &2 HAH-E AF AP Y] HFH = A 5
EYYAHAY] HRE Hl'o}—/r\— Y5t3S), B EE FHH A5 /A A EH S S o] oo S=EE/iF e X2 e
A EZS)E Fol 7, 2 H 9 JSZEKPN)S 45t Z2,176709] FHE 24 ] o]-g35}3ict.

2 H(Reference population) 2 2= 2013 FE| 2018 E7HA] Aol A =5H he- Fof| A 9,849FF A5 L, o] &2
= 4| 5(Carcass weight; CW), 541 ©FH %}(Eye Muscle Area; EMA), 5-A| -5 771](Backfat thickness; BFT) 2 1:_”41 A% (Marbling score;
MS)oll gt =&AL SAEFER 7S] AE 2 Algioith @34 e =SS/ X2 S A EXRIE
o]-&5to] &5 3ANT7EA] F245k0] Z-18,1907112] A -5 2AJe] o851t

FAAAEE FHsl7] sl e 4 935F2] A4 o 2 B E| 2| Z e E W52 -3 (anticoagulant)”} ZEFHE FHof Hyk
SHHA DNAE FZ53 . Genomic DNA 22 Genome Nucleic Acid Purification Kit (MagExtractor, Toyobo CO., LTD. Osaka, Japan)
2 0|83}, 200 ng/ul ©]/Fe] A&, IE0] DNAS FHISHIT o] & oF 50,000719] T 7| chE(SNP)S ZH= Illumina
Bovine SNP50k Bead Chip version 3 (Illumina, SanDiego, Ca, USA)S ©]-&3}o] 7HA &3 A2 A4S AN ST =2
Al -9 9,849F0] 222 ZAEEA 7S AR E SHGI O, genomic DNAE F23 & 3 935529t 5U3t SNP
Chip2 2 #AJsto] FAA Y B E S skl

M| M 2R}

SNPof| thal AA|SH= E2 7= Minor allele frequency, Hardy-Weinberg Equilibrium, call rate 5-0] $1.2.™, 2 7}o] tist
Az AR 7|22 MERTO] EAS 15 o2 AHsh= 7d3Fo] AthPongpanich et al., 2010). & 2] SNP z}52] &
2l 37}= Plink 1.9 21348 0]-8-5}04 Minor allele frequency (MAF) 7} 1% B2t monomorphic SNP, Hardy-Weinberg Equilibrium
(HWE) 10° 1|%F, Missing proportion (MSP)°] 10% ©]/3<! B0l 5 Ao A| A5} 2|5 39,2547]2] SNPE- 0]-8-5}3]tt,

l

3. 32N

=

Y=Xp+Zu+e
u AO'(Zl 0
Var(?)z 9

0 Io,

ey, SAEE, AR, ESEE, =EAIE, =570l tiRt Al
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w2hA, E(Y) = Xb, Var(u) = G = Ao, Var(e) =R =102, Cov(, ¢) = 022 7P43}0] Var(Y) =V =2GZ' +R7} Bth. o714 A= &
Sof 27 7HA| 7] @A A 3 H (Numerator Relationship Matrix; NRM)O|H, [+= thZHd#-0] 191 ©-9| 3 (Identity matrix), o
JEA7H AR oie Y9t FAtoltt. o]of] 7| &x5te] SR FHYAS that 2ol & 4 1.2 H(Henderson and Quaas,
1976), oteh o] EEE Y7 A& BLUPFOO 2135 o]-gsto] =A@ ol thst 7ixl 5] §371= F74sk3ltt
XR'X | XR'Z [7)‘]
ZR'X ZR'Z+A7Y/o?

ZR Yy

XR ly]

SHNGET 24

(1) 734 € ¥

£ ¥3= PREGSF90 == 1] (Aguilar et al., 2014)& ©]-85}0] Allele Frequency Method (GOF) W# 02 344 & &
(Genomic Relationship Matrix; GRM)= =45t th GOF+= thE-4Ake] ot G35 0202 Sgsh= WO 2 1A (total number
of markers)2] =5 m, 7§41 2] 4(genotyped animals)S nC 2 A5}, m x nS MY E 2 H7|SHH(VanRaden, 2008). M3 H o] LA
+ T2t 2ol Aelitt.

- [0—2p; if homozygous \11
zl= 1—2p; \ifheterozygous 12
2—2p; if homozygous 22

3 v S lzte] SRARAE (1)) A9 002, oA (10 1, 5 WA didxte] SHUA 22)0) A9 22
UERdIEh MM S nxno] 2712 AR, tizte] dASL g ARle] SHUTA] 45 Ueha, Hinjzte] gase £
PAIS Zholl 202 Zhe TiRQlzte] 47} Fick i = WA tHRIQIRH HLE (Minor Allele Frequency)S 351 2p2 HHECH
225 M) 304 ol 7]o) o5 Aol Tig gto.2 Lhebis poil chgh o) 2he W 2] = TjRl-8i fw
o] 20| 0] B (Centered value) ZH LS T8 4= k. Yol A AR 742 o 5t} olafel 22 440 oJ}e] GRM
E:l (] ;LHa]—A Ol];]-

(M—P)(M—P)’ YA

223 p;(1—=p) 2ij(1

G=

(2) 5 ¢ HAYRE HEet P
o] ZAc= A2 AR o] ZAEHA| = JHAIE FAlof 5lo] AE H-matrixS AQH
51921 Misztal et al. (2009)% A3t S ofefje} Zro] LRI

H=A+A,
FaAAIgoIH, Axe FAA 7]8Ee] DAA|4eF E 5 7|Hhe] EAA| 1t Zpoghol| Tzt B o, He o] 52 2
et M2 EAAFB Lot} A o] gl 7HAlE A 1=, fAFg o] EAfoh= A= AR 22 Y| oot 2ot

A — [All AIZ]

AZI A22
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_All A12_ [0 O
H_[Am G|=4 "o 6-4,

0 0
As= [0 G _A22]

(3) #HA HRs 2%

=A@ gt MAES] FAA §F7FS FAsH] sl e 22 22 ol &3 o, de FAAHES 4T
ssGBLUP R} TERE Zh2 29l adS o]-&3to] A15H3ith

Y=Xb+Zu+e

o]7]A,
A XE‘—J %il

ol Sl PSS cllel £ A7 ke S} ERY AR S A 2 sl £
2 0l g3to] 2%,

yn R
ZR 'y
5}7] 9)5 BLUPF90 =2 132 o]

%3718 % 32
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(2) 2= (Accuracy)
557t FAASE7 183 EF W A EE £ AAAISS7EE 34T £, olSE 835719 oS e akEath
FE A7 At o] -&5tod o o] AlLHA S 8l B sk
N _(PE2V>
da
oJ7]A,

r:9&H 37k A=
PEV : CllSH §3 719 of| &2 22 H(predicted error variance)
0l 37 At

Aa 93552 SF7F FAHZ ol 2013 R 20187 EFH FAF AMS- 9,849F9] =FARE o]-&5tloH,
T35, SATHE SAYFA, THAYES] 7| ZEAFS Table 13} 2Th =EA] Y2 2170 Hof|A 367HEH 02 BxsHH,
B3N R 2AF, SAYHA, SAYFA, ZUHAY =S B F ﬁ%fﬁ_i}% Z}Z} 441.0£52.0 kg, 95.31+12.0 e, 14.3
£5.0 mm, 6.1£1.88(score) 22 Hith S A ZANE AT EH 2 5(2010)2 2004 FE 2008714 ==H o
S ANS- 643159 EAF, SATHY S8R LR Eo]| sl 426.8i49.3 kg, 87.919.1 cm? 10.9£4.1 mm, 5.6+
2,08 (score) 0.2 B 0 I 5(2011)2 20065 2009 7HA] E2H FHe A2 92,725F9] £A4F, SATHHA 5

0w "1 O
AGFEA, FHA =] thal 415.23+49.43 kg, 88.29110.27 cm?, 12.7115.23 mm, 5.4241.99% (score) 22 HI15}3] .
g 5(2013)2 2007 FE] 2011E7HA] =5 e AAL 10,4415 =A4F, SATHA, SAGFA|, TUA 2ol dis)

423.91444.90 kg, 91.00110.11 cm?, 13.6315.33 mm, 5.60+1.83% (score) 2 2 e} B ALof|A] o] 83+ AP 2o F&
P AE7L =2 ATE HYon, 5 E L ofy] theb| Wl H ok uf 9-2jufeke] AR $- ARS-57t ghe-o] A E Hol| th3t 74

¢

M
1z o
Ol

q e

Table 1. Descriptive statistics of carcass traits for 9,849 reference population

Traits Mean SD Min. Max. (@Y
CW 441.0 52.0 159 692 11.8
EMA 95.3 12.0 34 156 12.6
BFT 14.3 5.0 2 47 35
MS 6.1 1.8 1 9 29.5

CW: Carcass weight, EMA: Eye Muscle Area, BFT: Backfat thickness, MS: Marbling score, SD: Standard deviation, CV:
coefficient of variation.

e T LERIELS

1.2 778 2l

2 Q704 o} 8o e Ago) A4 B0l ATHe Figure 17} 2tk £A1%, SATAA, SA4A B U] che
Aol R ARSI AHEARQQ plov 2 E3 oA outienS EABIR O, 1 A3 7 EAIE AL Hreme) geis 2
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Figure 1. Distribution and quantile-quantile plot (Q-Q plot) for carcass traits in 9,849 steers.

4 19Tk o] Abx] BAl0] Anhi A4 Al 40 Hlofut AR QRO o) £ B 8ol olg g He] w0 =, Aol
C}P S Mol folg 2R AAsHA) ok B Aol ol &3l

B A3 HA fAA JEGlo] E5HHE 7|Hke] AAGE Bl XA FHESE 2510 S o, FHAIR E5A4E
ol A HE 7|9ke] HAALE Bol| ZFAA FHESE 25 o, 12|10 AHAR = E5YEe} |44 JEE
T FAAFE B0l IAA A ESE SIS we] 5324kl tigh ¥skE dolE 12 BLUP, GBLUP 9 ssGBLUP
o T fHRLSE 2SIt

o9 QhA 935F9F R 9,849 F0f| st EAWAYBNRM)S B/t F 20366712 EFHE}F A/J= % on, BLUP

2
2
Jdo
ra
o I

o

&3t & 24T A 2AF, SATAE, SAEEA L FUAEECA 270305, 0324, 0307 X 026622
LERS TH(Table 2). AREs7F oH-o] AEHEE o]-§5to] Aol thet gl 373 A7AE AR, o 5201002

Journal of Animal Breeding and Genomics 247



The comparison of EBV, GEBV and ssGEBV in Hanwoo cow

S AMS- 643155 2 TAF, SAEHE, 5 = ol A ZF2}0.29, 0.24, 0.35 2 0362 LEFSITEH
T 5(2013)2 H AM 1044175 O 2 TAF, SATHE, SAFFA U LHX]HPEOM Z¥7+ 0.30, 0.21, 0.42, 2
0422 et SAEA U A= of A JA ] 5 HHE o] g3t =APA

o |
re
.
H
o
Hir
)
T
Kul
L
Kul
H
_}1_‘
;%:
o
£‘.=
oY
)J

Table 2. Estimates of variance components and heritability for CW, EMA, BFT, MS using BLUP analysis

CW EMA BET MS
Genetic (co)variance 700.690 41.988 7.566 0.740
Residual (co)variance 1597.000 87.731 17.094 2.045
Heritability 0.305 0.324 0.307 0.266

CW: Carcass weight, EMA: Eye Muscle Area, BFT: Backfat thickness, MS: Marbling score.

of tfet A Es 2 AT AT = 5(2004)0] H TUHAG L 1,536FE 0|83 AT TAF,
WA ol A ZF2E 0.28, 0.35, 039 2 0.512 YEFGTE & 5(2008)2 - StiAdH-¢ 2,791 58
A SAYEA D WA oA ZF2E0.30, 0.37, 0.44 2 0442 LFERY SAITHZA | SAHEA 2 ZU AR RO A B AL
OF =7 Yrebstet.

ARhs7t ghe-of I/ STEA AT 2 o] T o] f= IA| 2 Aol AREH HTke] Afo|et 37| 2 AR EH, £
ARA|S] A EHEH KA, AR 7|7l g P A 2P 2ol7t S Aolth & =52 o] o 30~-32711E %) ARtE7t kool 24
N SHEA S A AR 717Ee] 2ol 7} R ol] FiFote 7414 2119 HlEol 2fo| &2 o|alE 4= Q1S Aolct. &4, A
Ao mh2 gH7griololtt, UHHs7} 5H-9-0] 79 thefst B0l A ARG E] o] x| = BH, 7] ko] -9 v FUTHALS:
oM AFFE B E A R4E P o 27 HHolo thgt B o] &t & o] FojX Ao &2 ALgH T T8 al FARTe] 97
of mzt Z P A Ho v|A| = FF= 01h e g AR AR EH

oF A 9355F9F ZR AT 9,849 F 10,7840l thet -4 A HHB(GRM)S A4S & GBLUPL. 2 S 45
At 3| F, SATHA SAHEA W Ao A Z+2F 0371, 0.333, 0343, 0.4012 LFEFGTH(Table 3). ©] 5(2012)
AMS- 26655 o] &35t A3t TAF, SATHE, SAYFA D FUAGEZoA 2+ 033, 041, 0.40 2 0.5022 LpEFEOH,
Mehrban et al. (2017) - A 1,183 55 o|-&3F A} =AIF, SATHA, SAF/ 2 FUAEollA ZH2F 031, 043,
049 2 0.61 2 A E|o] =X 52 A| 2|t SATHHY, SA A 2 :LLHZl W oA B ArA ) Bt =4 Vel

She A 935Fef FET 9,849%F F 10,784F I rﬂoH dE5Eet A RS ZAdoto] H matrixS ABAsH3 2H,
ssGBLUPL.Z S48 S Aot Au} =P 2+ 0.375, 0.336, 0.345, 040022 EA %] A THTable 4). Z(2013)= 54
Ao Ue FENEL 107572 84 FE7E Qe THAA S 7175 2 44 AE7} gle SUidA S 18079 & 1,045
of tf3ll H matrixS %3510 5 3 A of tsl| R R4S ST A} 2H2F 046, 0.60, 0.632% 2

Adat B =7 YERs

AP ZF frE o] Afo| & AT EHH {AA| YEE Hdol] ZFAIA FHESE F7ok= GBLUPH ssGBLUPS] 4%, &5
7J E 1t o] &5t BLUPO| H]ol| =& Aol sl -§42Ato] S7Fstal zkxkgAto] Zhasto] fd o] a2 =7 Upetittt. of
2t o]l = @ HES HIP o2 FH4 fAL: 4 W 7|t = Alibete ABVAFENRM) Y FAAGES IO 2 o 7
A A FHGRM)ZE] HIwE 53l & 4= AU THFigure 2). Figure 22 NRMOﬂH Bl 2k&7F AATA7} 052 LrEh = i
Ao F3A4 JEE 0|83 GRMOIA= 2F 0.45E 0.67FA] e 5L3 EAS 71 7|7 ol = §o]7} EAi5telT. o=
LA AR} Y= A= es] Bl 2o HF=aS o] 85HR] 9 7B thAof| A HHAYst= wid ]k A E ) 3 (mendelian
sampling) E2HE 7HA] 7| W02 A5 H TH(Visscher et al., 2006; Hayes and Goddard, 2008; =, 2013). 12| 1! Figure 20|14 24| &
522 2 (pedigree 71 0.6 °I5 15 B 1.0 Hel 5= Ae & 4 ), o= AA4 22 NRM 33 GRMS] Zto] &

£ A2 Y 5 AR, o] ZAERE B WA EoM B F5FY 2FE W ot= FIKOl; pedigree 021 7HAIE F genotype 1 W
Q11 7iAl)ek g eket 574 H (pedigree X genotypeoi| Al 1 U111 7HAIE)E S Sto] Ht o F2st 44 S57He 42 4 A

it olﬂ
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Table 3. Estimates of variance components and heritability for CW, EMA, BFT, MS using GBLUP analysis

CW EMA BET MS

Genetic (co)variance 822.430 41.865 8.243 1.125
Residual (co)variance 1396.900 83.950 15.782 1.681
Heritability 0.371 0.333 0.343 0.401

CW: Carcass weight, EMA: Eye Muscle Area, BFT: Backfat thickness, MS: Marbling score.

Table 4. Estimates of variance components and heritability for CW, EMA, BFT, MS using ssGBLUP analysis

CW EMA BFT MS

Genetic (co)variance 836.560 42.402 8.317 1.128
Residual (co)variance 1393.200 83.913 15.811 1.689
Heritability 0.375 0.336 0.345 0.400

CW: Carcass weight, EMA: Eye Muscle Area, BFT: Backfat thickness, MS: Marbling score.

Table 5. Correlation of estimated breeding value for carcass traits using BLUP, GBLUP, and ssGBLUP analysis

CW EMA BFT MS
BLUP-GBLUP 0.541 0.547 0.463 0.528
BLUP-ssGBLUP 0.566 0.571 0.493 0.553
GBLUP-ssGBLUP 0.999 0.999 0.998 0.999

CW: Carcass weight, EMA: Eye Muscle Area, BFT: Backfat thickness, MS: Marbling score.
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Figure 2. Plot of genomic relationship matrix using corrected pedigree (10,784 animals) by pedigree relationship
matrix.
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Table 6. Accuracy of estimated breeding value for carcass traits using each Model with Hanwoo cows

Traits BLUP GBLUP ssGBLUP
CW 0.424 0.624 0.626
EMA 0.430 0.613 0.615
BFT 0.426 0.614 0.616
MS 0.426 0.644 0.645

CW: Carcass weight, EMA: Eye Muscle Area, BFT: Backfat thickness, MS: Marbling score.
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