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ABSTRACT

Climate change is causing abnormal weather patterns worldwide. In Korea, local governments are characterized by various climatic
conditions. Therefore, research integrating climate factors with Hanwoo is necessary. In this study, 562 Hanwoo were analyzed
using Pedigree Best Linear Unbiased Prediction (PBLUP) and Genomic BLUP (GBLUP) models while considering climate factors
such as temperature and humidity in the Yeongnam region. Carcass Weight (CWT) varied significantly in PBLUP depending on the
model, while the heritability of Eye Muscle Area (EMA) and Back-Fat Thickness (BFT) decreased. However, the Marbling Score (MS)
maintained high heritability across all models. GBLUP showed a slight decrease in the analysis model that considers breeding areas
and climatic factors, yet still led to a high estimate of heritability for all traits. However, MS consistently had a heritability of 0.50
across all models. In PBLUP, the accuracy of the Estimated Breeding Value (EBV) increased by 0.15 for CWT (0.62-0.77) compared
to Model 1. However, a decrease of 0.01-0.06 was observed for EMA (0.62-0.68) and BFT (0.53-0.58), while an increase of 0.01 was
noted for MS (0.72-0.73). The accuracy of EBV using GBLUP was as follows: CWT (0.75-0.77), EMA (0.72-0.80), BFT (0.71-0.81), and MS
(0.75). The accuracy of BFT significantly increased compared to PBLUP. For MS, it did not appear to be influenced by breeding area
and climatic conditions. These results suggest the need for ongoing research on the relationship between Hanwoo carcass traits and
climate effects, requiring additional test groups from various breeding areas.
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INTRODUCTION
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2715 g7 =AY R ] 4118 2 8 7HEBV, Estimated Breeding Value) =70l o] w|dt G &FS- 0] 2] =] = ufelslax} A A5}
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=]

MATERIALS AND METHODS

2% Wet Y mHEEe

2015956 20221 874HA] 45k fef W o= AYAHE ZiA T FE Aol A ARSEQl oM, EEo] 2R RN FEHE} BT
7Y Hof| o]/fo] gl AT kst A 2| FH 0 & 56255 AT O 2 A5t A Ak A 755, AMS- 4715, ¢4
1652, A8-L 5(3~5%), 9 5(6~8¥), 7H=(9~119), 745(12~2%)§ IEskel A Ao 24 deot A, =5 | et Ao
thigt 23S Table 19] HEFHITE @8 EE AhHES 1A 2] olA ZiAo| S5 Z3]oto] 3ti7kA] 34 e & 7HA| =

TEok3lTh B4 9] 80]/d2 915l animal, sire ¥ dam 2= Y HFI T, excel 20162 ©]-8-5t0] FHE 7HA), 7HA| FEI 2L A
°} THAIE Zrot =7 9 AA|SkelTh 11 A}, A% Ao 4079 7HA| =& e sto] EA ol AR&53it.

BEAo AFEH TAFIYE = TA|F(CWT, Carcass Weight), 541 &2 (EMA, Eye Muscle Area), 5 A%-F7|(BFT, Back-Fat
Thickness), WA= (MS, Marbling Score)0| ™, S-S s SAM F 5o A TAISHA2018-1098 FAME5 A AlH 7]
of wet £5 & 24X HH & ST CWTE 22 YA 359 Fo & S5, EMAE #H¢ 59 Al 185 Afol&
X323} 270 &2 A7loto] ¢ §5 £ WA S HAAE 54l BFT= EMAS] Q2 H upt ER Z o2 3302 &5
o7k 21 o] SA-Z S75H3 21, MS= EMAO] UERt A2 E of mja} §Qto = S5t

Table 1. Distribution of fixed effects in the test group

Area N B year N B season N S year N S season N Sex N
Yeongnam 562 2011 2 Spring 282 2015 8 Spring 129 Cow 75
2013 25  Summer 139 2016 42 Summer 108 Steer 471
2014 79 Autumn 56 2017 73 Autumn 161 Bull 16
2015 79 Winter 85 2018 86 Winter 164
2016 85 2019 110
2017 122 2020 119
2018 84 2021 79
2019 77 2022 36
2020 9 2023 9

N, total sample size; B year, Birth year; B season, Birth season; S year, Slaughter year; S season, Slaughter season
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A K| 712 &3t k-means S2{AEH
Zk FNA2] Abs A1 719 S b= w25 (T1, mean temperature), #| 11-2 % (T2, maximum temperature), £ %1% (T3, minimum
temperature), “J T (H, relative humidity)= 717478 9] 7173257192 © (https://data kma.go.kr/emmn/main.do)ol| A 23|50 =3
53, 25 A4 THI, Temperature Humidity Index)= oF2fj9] 4] 0 & Ajxkst3i Tt

THI = 1.8 x T + 32 - 0.55(1- H/ 100) x (1.8 x TI -26)

FHE GHE A4S 24 Gt AE R E =5 Ao} Al-7IA| O] Abs7|3EERte] B 7S A H O -2 AL R
9] factoextra T7| ] 2] Elbow methodS Z-8-510] W F Al HEHWSS, Within cluster Sum of Squares) 22 elbow point A]8-2 21,
212755 AT Fig. | and Table 2).

Elbow plot of T1 Elbow plot of T2 Elbow plot of T3

\

g
i \
H

\ \
\\ Elbow point \\ Elbow point

@4, \o‘( \O‘/,ff

i
8
i
§
§

i Sum Suares

Nomberof Custrs Nomor o Cusars Nomber ot s

Elbow plot of H Elbow plot of THI

[ r—
w0 mmo  ww0 om0

| \ Elbow point

Nr o Csters: Nonberof Cuses

Figure 1. Climate effect K-Means clustering results by elbow method. T1, mean temperature; T2, maximum
temperature; T3, minimum temperature; H, relative humidity; THI, temperature humidity index

Table 2. Result of Climate effect k-means clustering

K T1 (°C) N T2 (°C) N T3 (°C) N H (%) N THI N

1 -0.8~3.4 85 4.7~9.7 85 -5.9~1.4 85 61.3~73.3 343 35.2~41.8 85
2 11.5~15.9 338 18.3~21.6 338 5.0~11.9 338 75.7~87.3 219 53.8~60.6 338
3 23.2~25.6 139 28.0~31.0 139 18.8~21.3 139 72.2~76.6 139

N, total sample size; T1, mean temperature; T2, maximum temperature; T3, minimum temperature; H, relative humidity; THI,
temperature humidity index

Pedigree BLUP EBV 3£

Pedigree BLUP (PBLUP)-2 3th7HA] FL&6H 7HA| 2 5 S8 714 7H2] & AHA = (NRM, Numeric Relationship Matrix) S 553131,
BLUPF90 program (Misztal et al., 2018)2 ©]-&5}o] 3 AH & F-557HPEBV, Pedigree Estimated Breeding Value), %l &2 2PHXHPEV,
Prediction Error Variance), -3 245 324351 A of| AR8-H 1 § 72 = Table 30 LER R dl-S S5l 24 AlS Zh2) A
oo B 5kQlT) 7Y A2 ofeliet 2o

y=Xf+Zu+e

@)= (5 12
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o)

ye 15 29 32 UEt L, B 1 H & pe Jo8dh e o] 4o g ot} Xot 7= 22 1 G tel ¢l o] g3t
Hl =g o] m, E(y) = XB, Var(u) = G = Ao, Cov(y, €) = 022 7Fg 3519 Var(y)=V=ZGZ'+R7} Ft}. o] 7] A, A= NRMO| 1L o= A
P 8L ol Yo] B EAboltt 82 0/ 0y 2 AL o, e #-48, 0= 0+ 020] T}
g }ol| w2 melo] AgH: W 7}= Akaike Information Criterion (AIC)S 28510 of2lj9] A2 o]-&5}0] AFE5}3 Th(Vrieze et
al,, 2012).

N

T

AIC = =21, () + 2k

o7|1M, £ & ZAHekd 2d H4o]al, Iy(T) Foi 7] Ak=2] H4ofl thet log likelihood 2 O] Aot S ofm|ohal, ke 4 H &

o 40] 5 Aol

Table 3. AIC value comparison to select fixed effects for carcass traits

Factors CWT EMA BET MS

Model 1: Y=CG + Sex + Age + e 6241.74 4540.95 3280.84 2374.20
Model 2: Y=CG + Sex + Age + Breeding Area + e 6218.62 4527.75 3278.76 2375.17
Model 3: Y=CG + Sex + Age + Breeding Area + T1 + e 6220.43 4529.74 3279.32 2376.01
Model 4: Y=CG + Sex + Age + Breeding Area + T1 + T2 + T3 +e 6222.05 4529.15 3281.25 2377.06
Model 5: Y=CG + Sex + Age + Breeding Area + H + e 6219.89 4529.20 3280.19 2377.17
Model 6: Y=CG + Sex + Age + Breeding Area + THI + e 6220.13 4527.39 3280.49 2376.68
Model 7: Y=CG + Sex + Age + Breeding Area + T1+ T2+ T3+ H+THI + e 6223.59 4530.71 3281.81 2377.72

Seven linear models were compared to select fixed effects using Akaike information criterion (AIC); Y indicates each trait,
and CG (contemporary group; birth year, birth season), sex, and age were included in all models. T1, mean temperature; T2,
maximum temperature; T3, minimum temperature; H, relative humidity; THI, temperature humidity index; CWT, carcass
weight; EMA, eye-muscle area; BFT, back-fat thickness; MS, marbling score

Genomic BLUP EBV =X

AN EE B2, 23], FHo| A 2E3F genomic DNAE EHE 3} 3L, Bovine SNP50K BeadChip v3¥} Hanwoo SNP50K
BeadChip v1 (Illumina, SanDiego, CA, USA)S AF&3}ko] 7} 532187M, 53,866712] SNP G- 2Fd-S X513 Th Marker ATEHS 93]
Quality Control< Plink v1.9 program (Purcell et al., 2007)& AF8-5}0 A4 5 Minor Allele Frequency (MAF)7} 5% 1]9HQ1 4,0577H,
missing Genotype (geno)< 10% Z3+?1 12,8407, Hardy-Weinberg Equilibrium (HWE)-2 10 ©]5}21 4,4247§ 2] SNP markerS- A| 715}
Z 374687119] 0}A S Aesto] -97214)|8-Z7GEBV, Genomic Estimated Breeding Value) 527gol] AR&5F3AT

Genomic BLUP (GBLUP)Z PBLUPT} -5 U3t 1174 G31+& ARESH O™, PBLUPS| A T4l @5 2 RAAYEE 7[R0 = H15
H GHE = A-GA1H GEBVE 453U G= ol o] A A& ARg-sto] 55130t

6o 2
2¥p;(1-p))

o17]1A, Z=M-PoH, M2 n(7§H| 9] 4%) X m(SNP2] )2 SFH A, o] FH A B thAl s FHEAS 242 -1,0,1 2 HEAIR
ook Al 7 2ke] = WA i fAd AR Wl pibal Shal, p E o j* BA B2 2(pi- 0.5)2 A O 9
< 7|t-fAa 2ol thigh RlE=2of ro] Hh.

1o
ol
ol

Moy 5

PBLUP 3 GBLUPS 55 #748 PEVE ofefot 2-2 9413 AH§ole] £37h0] 4ehwg 24siaict,

Acc = /1— (PEV/a2)
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o7, Acce 2HE §5710) HoHE, PEVE 24 S571e] ol QA4 ook A7HY §RAbolT) PRV JAh 3
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RESULTS AND DISCUSSION
BoidEE B

A4 ko] =2 71 % EAIRFS CWT 482.57169.68 kg, EMA 103.36 = 14.53 cn?, BFT 12.5744.57 mm, MS 6.5612.03% 2.
2 (Table 4), Lopez et al. (2021)2 tHE-E AXN 2 74 H T 16,892F2] 742, CWT 441.06152.31 kg, EMA 95.61 +12.06 cm?, BT
14.2545.03 mm, MS 6.10+1.874 2.2 B 115} 31, Alam et al. (2023)2 $H2- 9,302l 1o A] CWT 430.46+61.08 kg, EMA 94.16+
13.24 cm?, BFT 14.0945.13 mm, MS 5.831-2.09% © & K 31 3} v} Qlo] 2 Aol 7 Zth2 A8y I tof| vl tha -5 =4 A
ZS UreH, B4 o) 2-8-517] A ghstetal wokeElt) 2 o Tro] BFTRF MS7}EF & A ojl H] | HlS Al4~(CV, Coefficient of Variation)
7} Sl o) =] FRlE] =], o] 32 YAl A =Rl H At FAFSHHAlam et al., 2021; Mehrban et al., 2021).

Table 4. Test group carcass trait statistics

Trait N Mean Min Max SD CV (%)
CWT (kg) 562 482.57 263 691 69.68 14.44%
EMA (cm?) 562 103.36 62 146 14.53 14.06%
BFT (mm) 562 12.57 2 25 4.57 36.37%
MS (1~9) 562 6.56 1 9 2.03 31.01%

N, total sample size; Min, minimum value; Max, maximum value; SD, standard deviation; CV, coefficient of variation; CWT,
carcass weight; EMA, eye-muscle area; BFT, back-fat thickness; MS, marbling score

=

SAM i A

-2t} o] ;A o] Fa1 BEYSt A o] 714 /-2 A9 H 02 QIS 2| g ThE 7] ¢ aat W HEE VAL = &
S UEPATHKIm et al., 2016). 7HA] E ARS-7|7H5QE0] RE 7|% G 1HE K-means 22| AE S A} T1, T2, T3, THIS] 2]F K

kS
k2 3 HO| A K gh2 22 FLEE| Q] O H(Fig. 1 and Table 4), -2 7|5 @712 7} mdlo] 14 gulof| Z7}5l0] 7|5 qafof| up
-]

to rjn =

e

0] AIC 242 P12 A2 Tale 3l ERASLE, model 1 71202 AL A1o] 2 715 k& 27130l 7] 24 2
ATt AIC gt R245 A £ 2ol A3tehs onlot=tl, 2 4 1 A get 2 d2 CWTS| 749 model 2, EMAE
model 6, BFT+ model 2, MS model 10114 7 W2 Lo = 7} AlS 219 9l 7|9 §1kE 13t 2elo] CWT, EMA, BFTY] 84
oA o5 ATeA o= SRlH

ALl

AR 9 AP EE o] 835t 7t B4 Hdlo| m2 {48 374 ATHE Table 5ofl FERASITE. PBLUPS] CWTE 2 &0 whz}
0.35~0.592 W7} 2 71 0 2 Q1% m, EMA®} BFT+ model 62+ 79114 B} dllof] H] 3]} 0.35,0.21 2 2A] A A3, MSE model
12 0.57} 2~79] 0.58-2 0.019] Zpo] 2 m|u|FAA|Rt 1 o] {2 o] =AUt GBLUPS| 4%, A A3} 7|& &1+ 1lefst
A] 22 model 1°]] B]s CWT, EMA, BFT2] 40| tha Zhassh= A3Fe Holu xfo]7} 32| 942 A0 2 SRIE™M MS+ &Y
1A 27 = ATk Hapue et al. (2023)2 3H9- 44 1,1035%F-2 A2 CWT, EMA, BFT, MS2] 37241212 037, 0.35, 0.27, 0.450] 1, 3t
Qo] MSQ] g4 e ef AR At B 15 HFH Lee and Yoon (2021) TH A A2 8,0275F9] 9422 0.52, 0.39, 039,
0472 B HE gk 2 ¢1512] GBLUPOA = B Aol A tiA| 2 H] %35 0.42~0.509] 11 &29] 48 S 72N, 22 EAS 7}
Z 7WA| 9] A §o]7F 7ol whet PBLUPT GBLUPS] 7312 274 A7} Aol abA ekt
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Table 5. Comparison of PBLUP and GBLUP heritability by analysis model

Type Analysis model PBLUP GBLUP
CWT EMA BFT MS CWT EMA BFT MS
Heritability Model 1 0.35 0.46 0.28 0.57 0.50 0.46 0.42 0.50
Model 2 0.41 0.45 0.28 0.58 0.48 0.44 0.42 0.50
Model 3 0.41 0.45 0.28 0.58 0.48 0.44 0.42 0.50
Model 4 0.59 0.45 0.28 0.58 0.48 0.44 0.42 0.50
Model 5 0.59 0.45 0.28 0.58 0.48 0.44 0.42 0.50
Model 6 0.52 0.35 0.21 0.58 0.46 0.42 0.40 0.50
Model 7 0.52 0.35 0.21 0.58 0.46 0.42 0.40 0.50

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

7+ e @A e SE7et Fete 24 dutg 2t 2A R ol wet Bl wsho] Table 60l LA R{TH PEBVE] =g A
H, AR A9} 7] F IS 2foA] 22 model 1ETF FSE7} =2 A2 CWTF MSE CWTE model 39014 0.772 7H =
L7} =9ko ) MSE model 2~7 =5 0.732-2 =] itk £3H EMA2} BFTE= model 6, 70114 78 22 A= 91 0,629} 0,532
2 sholE]lom, GEBV AEH: 34 9] 742 model 6, 7914 CWT 0.77, EMA 0.80, BFT 0.81 2 AEH =7} 714 =] A0, MS
+ 24 & Zpo| S LebA] 2ttt GEBVE] AHE == model 19 BI3 CWT, EMA, BFT FZollA] 4=l oL, o7tz 2 MS
£ ndoj mh2 S vkx] G=otn Wk h 3R TP A §E7H= Lopezetal. (201902 1021557412 9,856 )5 thAto &2
PBLUP2] 74--, CWT 0.49, EMA 0.40, BFT 0.37, MS 0.37= GBLUP2] 7-2-0| CWT 0.74, EMA 0.67, BFT 0.62, MS 0.65= E.118}} 31,
SFQ- A 481 55 thAF O 2 St Lee et al. (2023)2 PBLUPS] A3t CWT 0.434, EMA 0.445, BFT 0.435, MS 0.43, GBLUP CWT 0.634,
EMA 0.659, BFT 0.619, MS 0.627= E11gt v} QItk. 2 A-tol| A A4 H w7t A8 Aol vls =] Uets oy o= A4 4
o 9 7iA| 4] Zfo], =2 fA ol 791 gh Ak THE T Nwogwugwu et al., 2020). F-AA G B E v o 2 IAWAE ALkt
+ GBLUPS| 73-%, 57 4 =7} P, ARS A1 F 1o ihE 7| $ S 3= PBLUPOIA CWT S-357F & /ol 7|
of5} 21, GBLUPOIA] CWT, EMA, BFT9] 2ol == A2 BT 12y MSQ] ¢ 2d 2 27 whilo] 2 {4
1} 8% 7} e wof| 20| & H o] A] 9=, 0] Piao and Baik (2015)2] MS+= 715 & e} #a#o] g2 UehdA o1tel S Asict
3 WY A1 Z519-5 ol o2 & Dang etal. (2013)2] A7olA A &k 51K foJ3H5 1o A] ob2 HF 23T, Gaughan et
al. 2010)2] ol =™, ARSAe] 15 {5l e 7% &itol] }lofAf MS A4rof] §-2]4 Q1 xto] 7} glo] MS+ 7]+ &tk Tt
A B 5o the 2900l % e WETIL AR E|W(Greenwood et al., 2015), 5714 0.2 4] FHhe 45k 7| a3}
of 2 MS §57H A o] HatE vl AT F o7} Jloh e

Table 6. EBV and accuracy estimated by PBLUP and GBLUP

Analysis PBLUP GBLUP
model CWT EMA BFT MS CWT EMA BFT MS
EBV Acc EBV Acc EBV Acc EBV Acc EBV Acc EBV Acc EBV Acc EBV  Acc
(kg) (cm?) (mm) 1~9) (kg) (cm?) (mm) 1~9)
Model 1 -445 062 -0.80 068 -051 058 006 0.72 1025 0.75 233 0.77 -0.25 0.80 031 0.75
Model 2 -433 065 -0.70 0.67 -050 058 0.06 0.73 10.27 0.76 234 0.79 -0.25 0.80 031 0.75
Model 3 -433 077 -0.70 0.67 -050 058 0.06 073 1027 076 234 079 -025 071 031 0.75
Model 4 -5.24 073 -0.70 0.67 -050 058 0.06 073 1027 076 234 079 -025 0.80 031 0.75
Model 5 -5.24 073 -0.70 0.67 -050 058 0.06 073 1027 076 234 072 -025 0.80 031 0.75
Model 6 -4.66 070 -0.54 0.62 -044 053 006 073 1026 077 232 080 -0.25 081 031 075
Model 7 -4.66 070 -0.54 062 -044 053 006 073 1026 0.77 232 080 -025 081 031 0.75

PBLUP, best linear unbiased prediction using pedigree; GBLUP, best linear unbiased prediction using genotype; Acc, accuracy;
CWT, carcass weight; EMA, eye-muscle area; BFT, back-fat thickness; MS, marbling score
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&, PBLUP-2 Identical By Descent (IBD) | 22 HIE O 2 EHHE &-8of 53U F2E 7H 79059 1=
ZJSHAIRE A Y B g -85 GBLUP ZF 7HA|17F 3761l Qe R4 RIE & viEf o 2 e Al4-E 743ttt =, PBLUP
Aggof, ¥hegul, AR BA| Soll et 1 4E A AlE 7HAIAIRE SAAYEE o] 83 GBLUPE Hldz|t A& o] axtg 1
3 Bop Jeket f B a=0] 7o) 7Faskal, ZF ZHAI7E 7FA| AL Qe 3-F SNPe] §-AH HE O] 4 SALEE o] 83 Y
ALE AFR S 82715 324517) W&ol g 7102 AFEE ThVisscher et al., 2006; Lee et al., 2022).
Lee et al. (2018)°f] Wh= ™, {1 74|90l Q1o M CWTS] 79 A2(12~29)9] 7|2 Wt A} 3lom, & 7] 20] 1
&6 %, 27136 kg T7ote A& A E L o §(6~8¥)Q] B¢ POl lth Eargt H It} Lee and Lee (2020)= 5= 10%
7he SR AARFS] 5.7% A, AT 10% S 7= AR 1.7% S71eE = 0.2 7|57} she-o] Aabdol dFS ndS B
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