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ABSTRACT

For this study, the DNA of 8,413 animals collected by various methods from Hanwoo farms nationwide was extracted. The Axiom
Bovine 60k version 3(Affymetrix Inc., 2006) SNP panel was used to generate genomic information. Quality Control to increase the
accuracy of genomic analysis removed SNPs whose SNPs were on the sex chromosome or whose position on the chromosome
was not identified. A total of 64,973 SNP markers were used to remove markers with an SNP call rate of 95% or less, a Minor Allele
Frequency(MAF) of 0.01 or less, and a Chi-square value of more than 95% measured for the Hardy-Weinberg Equilibrium(HWE).
Among the 8,413 animals with genomic information, duplicate animals, pedigree errors, and animals that did not match dependent
variables were removed, and 6,616 references with genomic information were used for analysis. KPN used in the analysis was
extracted using semen, and steer performed DNA extraction using tissue samples provided by the Korea Institute for Animal
Products Quality Evaluation and the cow collected tail hairs and used them for analysis. As for the pedigree data, five generation
pedigree data connected to 6,616 animals were collected from the Korea Animal Improvement Association, and a total of 5,153,168
pedigree data were used for the analysis. The carcass traits data were used for analysis on the remaining 2,376,865 animals after
pre-removal of missing and abnormal values among 5,153,168 animals with carcass traits data. Four traits used in the analysis were
considered Carcass Weight(CW), Eye Muscle Area(EMA), Backfat Thickness(BF), and Marbling Score(MS). It was estimated using the
MiX99(Lidauer, 2015) program to estimate GEBV using ssGBLUP, and reliability estimated was performed using SNP BLUP REL, a
self developed reliability estimated Fortran program. The genetic parameters used were the results of Son(2020), and the GEBV of
Hanwoo carcass traits was estimated to show the distribution for each trait to determine the normality of GEBV, and to determine
whether it was approximated to the normal distribution. EBV estimated by the BLUP method was analyzed as 13.90, 3.78, -0.17, and
0.63, respectively, in CW, EMA, BF, MS in Hanwoo cows. KPN showed 22.51, 6.33, -0.58, and 0.93, which were higher than that of
cows, and 16.03, 5.29, -0.83, and 0.84, respectively. GEBV estimated by the single step method was analyzed as 3.32, 1.36, -1.04, and
0.13, respectively, in CW, EMA, BF, and MS in Hanwoo cows. KPN was estimated to be 11.96, 4.14, -1.47, 0.48, Steer was estimated to

Received June 10, 2022 Revised September 19, 2022 Accepted September 19, 2022
Copyright © 2022 Journal of Animal Breeding and Genomics.

a This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Estimation GEBV, Reliability of Hanwoo Carcass Traits using ssGBLUP

be 6.16, 3.20, -1.74, 0.44, and the difference between GEBV and EBV analyzed CW was -10.33, EMA was -2.23, BF was -0.89, and
MS was —0.45, and GEBV was relatively lower than EBV. The GEBV of Hanwoo cows, steers and KPN was relatively lower than the
estimated breeding value by the BLUP method. The reason for this result was that the proportion of pedigree data is higher than
that of genomic data in the process of making H matrix due to the small number of genomic data, so it is estimated that the EBV
estimate of the BLUP method using pedigree data is higher. The reliability analysis results of EBV estimated in 6,616 animals with
genomic data were 0.48, 0.51, 0.51, and 0.59, respectively, in cows CW, EMA, BF, and MS, and the estimated EBV reliability of KPN
was estimated to be 0.92, 0.92, 0.93 and 0.94, which was 40% higher on average. In addition, the GEBV reliability estimated by the
single step GBLUP method, the cow CW was 0.66, EMA was 0.68, BF was 0.70 and MS was 0.77, and the KPN was 0.93. 0.93, 0.94,
and 0.96. In the case of Hanwoo cows, it was confirmed that the reliability of GEBV increased by 17-19% on average than that of
EBV, and in the case of KPN, the reliability of GEBV was slightly higher. It was found that KPNs containing a lot of carcass trait data
of progeny had high reliability in EBV and GEBV, and cows with less carcass trait data of progeny than KPN had higher reliability
using GEBV than EBV.
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®FHEs

= AollM AR RS G2 Table 190 AIABIRACH AHEE R RS 312 £(2020)9] Z2HE o83t EAIT, ST
WA, SAEA 2 FHAGE ] FHEAE ZHe 247 500.847.01, 29.9243.06, 8.73810.85 B 1.5450.26, ZHaHEAY gH2 717}
1,298.51+31.01, 77.28+2.82, 15.9731£0.50 & 16621018, 3422 22} 0.28+0.02, 0.28+0.03, 0.35+0.03 2 048 £0.072 HA| =}
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Table 1. Estimated genetic(o.?) and residual(oe?) variance components, heritabilities(h?), phenotype genetic
correlations among traits of Hanwoo steer

Trait - Component of Variance Correlations

oa’ oe CW EMA BF MS
CW 0.28 £0.02  500.8 +=47.01 1,298.5 +31.01 0.43 0.20 0.14
EMA 0.28 = 0.03 29.92 £ 3.06 77.28 £2.82 0.50 -0.29 0.58
BF 035003 8738085 15973 +0.50 0.34 0.11 0.13
MS 0.48 £ 0.07 1.545 = 0.26 1.662 = 0.18 0.18 0.33 0.14

@ 874 A4

ohe- EAF Ao FAAEZIILE F5t] FHE FHAASE7He FAdS oretstr] Yot 724 gAHE B E LERY o]
A-Raro]| AN =R & ohelslith A EA]2 SAS UNIVARIATE Procedure®] Checking Varialbles for NormalityS- ©]-8-5}0
Kolmogorov-Smimov SAITHD) L2 7431 ct o]2st Aghe HA o & |4 BEx 2 B B=Fho] A2 FAE Q=R E &l

4= = H| B4 G o]t Kolmogorov-Smirnov 5 AIHD) F4 = 913 342 ofefj ek 2o,

D = sup, | F,(x) —F(x)|
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S U] PFA O 2 240l A 34 A& TS AYARSE & =2 EITHE, 2020). Table 22 HH FHAAES 7T Qe YA Hd &
930 4N EY o2 FHARES 7HA 2 QA] g A Wit T2 EPU 4740 LP 02 thh A e o= /4
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S5 7HAL = AAIS- 249959 Bt E5EH-2 29967 e oln, Bt EAIF, SATHA, SANFA 2 ZHA = 7t
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ol G 64275, AAIS- 24495 . F8A ALRE 7HA| 1L Q= WA B F 02 A4 H AT A4l o] §AA AR 7HA] AL 9L
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Table 2. Information of Bull and cow records on genotype data

No. of Bull No. Cow No. Steer Sum.
Slaughter - 642 2,449 3,091
Alive 275 3,053 197 3,525
Amount 275 3,695 2,646 6,616

Table 3. Basic statistics on carcass traits in Hanwoo using genomic data linked to pedigree

. . Included Genotype data Without Genotype data

Traits (unit5) Obs. Mean STD Obs. Mean STD
Cows

Age at slaughter 642 64.63 27.71 945,566 47.38 15.27
CW (kg) 642 357.29 46.79 945,566 352.92 46.77
EMA (cm? 642 85.18 11.87 945,566 83.73 11.49
BF (mm) 642 14.64 6.05 945,566 13.32 5.37
MS (score) 642 421 1.94 945,566 4.36 191
Steers

Age at slaughter 2,449 29.96 1.70 1,431,299 30.07 1.89
CW (kg) 2,449 458.94 49.66 1,431,299 443.51 49.80
EMA (cm? 2,449 96.44 11.92 1,431,299 93.72 11.53
BF (mm) 2,449 13.80 5.00 1,431,299 13.62 5.05
MS (score) 2,449 6.39 1.66 1,431,299 5.94 1.84

CW: Carcass weight (kg), EMA: Eye muscle area (cm?), BF: Backfat thickness (mm), MS: Marbling score.
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3he ok, AAMIS, KPNO| %E712 BLUPHHHZ ssGBLUPHMH 0. 2 2451912 wf 7|t = 82712 Table 4.9 LYERQIT
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Table 4. Means(SD) for EBVs of CW, EMA, BF, and MS on genotyped animals in Hanwoo using BLUP and ssGBLUP

Traits BLUP ssGBLUP Diff.
Cow (N=3,695)
CW 13.90(15.79) 3.32(18.46) -10.58
EMA 3.78(4.01) 1.36(4.57) 2.42
BF -0.17(1.94) -1.04(2.12) -0.87
MS 0.63(0.91) 0.13(0.98) -0.50
Bull (N=275)
CW 22.51(22.16) 11.96(22.83) -10.55
EMA 6.33(5.20) 4.14(5.35) -2.19
BF -0.58(2.33) -1.47(2.36) -0.89
MS 0.93(0.89) 0.48(0.90) -0.45
Steer (N=2,646)
CW 16.03(18.47) 6.16(21.13) -9.87
EMA 5.29(4.20) 3.20(4.66) -2.09
BF -0.83(1.89) -1.74(2.13) -0.91
MS 0.84(0.88) 0.44(0.95) -0.40

CW: Carcass weight (kg), EMA: Eye muscle area (cm?), BF: Backfat thickness (mm), MS: Marbling score.

Table 5. Comparison of estimated breeding value(EBV) and genomic estimated breeding value(GEBV)
reliability(REL)

Traits EBV_REL GEBV_REL Diff.
Cow (n = 3,695)

CW 0.48 0.66 0.18
EMA 0.51 0.68 0.17
BF 0.51 0.7 0.19
MS 0.59 0.77 0.18
Bull (n=275)

CW 0.92 0.93 0.01
EMA 0.92 0.93 0.01
BF 0.93 0.94 0.01
MS 0.94 0.96 0.02

Diff : Difference, CW: Carcass weight (kg), EMA: Eye muscle area (cm?), BF: Backfat thickness (mm), MS: Marbling score.
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Figure 1. The histogram (left) and QQ-plot (right) for normality test using the SNP effects for CW, EMA, BF, MS in
Hanwoo Cow
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Figure 2. The histogram (left) and QQ-plot (right) for normality test using the SNP effects for gCW, gEMA, gBF, gMS
in Hanwoo Cow
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Figure 3. The histogram (left) and QQ-plot (right) for normality test using the SNP effects for CW, EMA, BF, MS in
Hanwoo Bull and Steer
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Figure 4. The histogram (left) and QQ-plot (right) for normality test using the SNP effects for gCW, gEMA, gBF, gMS

in Hanwoo Bull and Steer
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