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ABSTRACT

This study estimated the environmental effects and genetic parameters for carcass traits of 2,309 Hanwoo steers produced through
Embryo Transfer (ET) to confirm the performance improvement achieved. The data used for analysis collected information on
offspring produced by ET from 2012 to 2020. SAS 9.4 GLM package was used to analyze the environmental effects affecting carcass
traits, and genetic parameters were estimated using the REMLF90 program for heritability, genetic correlation, and phenotypic
correlation. The collected Carcass Weight (CWT), Eye Muscle Area (EMA), Back-Fat Thickness (BFT), and Marbling Score (MS) were
505.2+58.19kg, 105.57£13.41cm2, 12.76+4.27mm, and 7.25%1.61 points, respectively. It was found that the environmental effect
of growth area and slaughter month had a significant effect (p<0.01) on carcass traits. Heritability was 0.51, 0.64, 0.36, and 0.59 in
CWT, EMA, BFT, and MS, respectively, and high heritability was observed in all traits except BFT. Due to the characteristics of ET, it is
considered that the effect of genetic improvement was more pronounced because there were many offspring with the same parents
or the same father or mother. Therefore, it is judged that more efficient improvement effect and performance can be confirmed if an
optimal environmental model is set based on the results of this study and used as basic data for breeding. If these results continue to
accumulate, it is thought that it will be able to contribute to the increase in farm household income through the improvement effect.
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INTRODUCTION

SHAFA-2 1997 IMF A1 719} 20124 St o 1] AR FAA(FTA)E AXHA] $-9-9] A= S =0]7] ¢Jsf Sl 52
QfFo] AFANA HekE 7HEetetl o, 11 AtE AAM9-9] 153 ol ST &0l 2012 81.2%0°1|4 2022'F 90.8%7H4] 575k
(KIAPOE, 2023). 531, SAHE-E 2570l A ghe-oF 429150 S of| st 4|2} ZAMATRE QFA, A E 181 SR
HEo||x] 597} 597} @45+ AulS Lepd 2102 Hol(Sun et al., 2010; Choi et al.,, 2017), 3+2-9] 7)&Fo] 3201 7l o 2 wehe
o}, 3= A7HES] AAAAR ST S A S o] &5to] SR SAE AP, ol & Bolf eHe-& 7iFotal dh=re] A {-&
Zo 2 fAsta St ehe- IS St 945
EIRE o]-&5aL lom, o]= 71E JliEkl &

24 27 A7 o] et §ES 2%

Hyrte R} TAYHE S E-85k= BLUP (best linear unbiased prediction) X
P2 FUTHPamell, 1984). °]213t 55 H 7 RS Sl AR o tigh &
A7} 5] A=A O™ (Lee et al., 2019; Sun ., 2021, Lee and Yoon, 2021), $H¢-
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o] gibdoll Y= v|Al= FHL8RIES BAsks BRHA S LSS 7| 2T S84 NFAAIE 158 4+ U A=
=] A TH(Lee et al,, 2015). 2| 592 A A0 of 2] A Aol A {-ZZH(Quantitative trait locus, Gene express)2t 27 (Heat stress,
Temperature humidity index)2] 4328 g v}of| thst A7} thg B 1%} O T (Pegolo et al., 2011; Williams et al., 2012; Chung et al.,
2020; Landi et al.,, 2023), ©]ol] h-2] A4t dol| JF2 n|x]= B4 8152 BAots RAA S ST 7|2H T S840 7)
FAAS 12T 4 U2 707 HE] QT (Lee etal, 2015).

I-EE

-5 he-0] YA B7He] A50] AR ZAIE YA 2 HEA] oot ehe-of HAIR A wHE) 9 QI34S
Bofl 190l 3HH STHE AJAFE 4= QLo T 7|7tol| =2 A& A7]+= of o] WEL 2 0]315_ A 2AIE 7h 8] 9
aff =745 o] 4] ¥R (Ovum Pick Up, OPUYS A&SEo] 9425k hAne] ooff Akt Fie Al7|= Wido] 470%| ]l o] 7]k
ZZ 07| FLE 0]-85}0] Alo} Q)= Ao Ao A nAd & RS A F AL A < of A H/\(mvrcro maturation)3t & 7% A=
ol TS Aot A0 = kA shopejofA] A7F 11.9719) WAt A3 2 3.6702] =47 Ao = T AJ7hol| -2 o] TiE

SR & QITH(Cho et al., 2017; Choi et al., 2019, Jil et al., 2021).
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MATERIALS AND METHODS
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Table 1. Number records of Hanwoo steer by effected

Slaughter year No. Slaughter season No. Slaughter month No. Area No.
2016 Under 181 Spring 1134 28 Under 226 Gyeong-nam 1,160
2017 154 Summer 623 29 325 Gyeong-buk 1,149
2018 169 Autumn 215 30 4+

2019 435 Winter 337 31 480

2020 324 32 393

2021 380 33 245

2022 502 34 Upper 196

2023 164

Total 2,309 2,309 2,309 2,309

No.: Number of observation
e k=an s

o
2 Aol AFEE EAF, 54

FHSA, SAEA o 2upl IFE ol IS S, oIU, AL Aok
FIE 2] o 2T} L HIEYR L ALEStol H2AFHOR AR S AN

Yiu =+ SYi + SS; + Agex + Placei + eju

oJ7|A, Yiu =2+ FE ] TZA]
u="4 g
SYi =ifA) =5 0] aKi=1.2,,8)
SS =jA =EEAE ] a1Kj=1.2, " 4)
Age=k¥1A| ZoPHE 9] Bakk=1,2,7)
Place = I-1# AF§-2] 9 9] §3K(1=1,2)
e =2+ 5782 o]}

2 Ao A A7} Linear model> PC-8 SAS Package Ver.9.4 (SAS Institute Inc.) S ©]-8-5F%1 31, GLM (Generalized Linear Model) &
AAol A e = 471 AlEd oA 2w E AFEol 295 TYPE I Aladhs o] &-sto] AREA] shlom, 2 4AE 3
2|7k 7o S-S Aoto] th2 22 ARV ME & AL R 4E 5% = 242 A ST

Ho;LSM(i)=LSM(j)
7] A, LSM(i()) : i()HA] &xke] 2|4 Al H2](i+j)°l T

SxpA XX
EAE, SAYHA, SAYFA Y FUAY =S Te o ARGl tie 7H fd axtel] dish R 22 9
5tod EP—# 22 ETHYEA 22 ol &siioH, BA AR A ateE SR EANAE, AR ARSAIY), =5UP S

Fol2 4gstol Aystaich

Yt:XtBt+ZtU1+et
ol7]A, yi= tHA] P o] TS0l gt W], = R F-ol it 1A E T HE, v A FHo) gt do 7HA &3} )
B, e tHA P22 o] 7} mat e, X, Za= tHA FAY| HZAE 22 4 Gkt o iA| atE A2 A7 e RIE
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sJHo|t} 2 ALof| A= EM-REML Algorism &-410] 7Hs8F AIREMLF90 (Misztal, 2001)S o]-&3to] 245 3
Package©l| 4] ZExlH2Abo] 1071 o]t 48] & wf7bx] ¥ 24 SiQict. AoX] BAkZ-2AF gHE o] 85to] gt Ak o

23 7o) Falc

hZ — 0-%!
o2 + o?

COV s .

rg = - ) (i #7)
Tati) X e
cov,,

rp = 5 i) (Z # j)
Tp) * Tp)

o714, 0.7 A7V SREA, 02 RAFEAY, s AT, s BRI

oo ALgH BIYAEE Yoy o2 309700l 2 2,300F0|H, ZAF, SATHY, SALFA, THARE 2
2 g 9 BEHARE 247} 505.2158.19kg, 105.571 13.41cr, 12.76+4.27mme} 7.25+1.617 2.2 LFERFTHTable 2). =413 2ol
&A1Y

2 423.37+42.52kg, 90.39+9.45n, 12.36+4.79mme} 5.34+1917H 0.2 H15Q o, o= SATAZS A et Ui A] FZlojA]
& AFHEG 2 pEd2 Flekinh 202218 A= o T AT 9] 10%2] =A/dA Bt 457.8159.1kg, 10871133
o, 12.444.3mme} 8.61-0.74 02 EX|F3 SATHA o] 2 A7t Wt SAEALt TUWA e FAFSHA LERgTH
(KIAPOE, 2023). & 7Holl A ARE-H T2 3h Foll A A=714 A39) 10%2t frARRH 42 7Hal e, ol2ig a5 vig o=
SR A Aol FESTH 7| EHT 22 U B olEol d ¢ US Ao E wHnh

o

gEnate| 24HEA 3 XA

E

]
o OE
Y
i

Table 32 & Aol A AR =X G o] tigh BAHEA B E YEhd Zlofth AR adte =5 EE, =5, SsieE, A
A oltk. 7 2.7lo] et o d 7 AuhE v ER, A, SATHA, SAGFA B TR Y=l tiet g avke2 7t

2] ) BE 1% 0] §-0]A4(p<0.01)°] YEFSTE. Lee and Yoon (2021)= 201045 2015\ 7}HA] g Bl t %35}ko] Al8-57]0]|
A 53 AAS- 8,027FE o= S E o] 1

Table 2. Basic statistic of Hanwoo steer

Trait No. Mean SD Min Max
CWT(kg) 2,309 505.20 58.19 323 679
EMA (o) 2,309 105.57 13.41 67 148
BFT(mm) 2,309 12.76 4.27 2 26
MS(Point) 2,309 7.25 161 3 9

No., Number of observation; SD, Standard deviation.
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5h2-0] Aol tgt =2 = 0] M= Table 49} 2T} =4 ES Awof et W27} Z7eHe FAIE BYlom, 2023\ 0]
EEZH 7hAE0] 534.4514.48kg 2 A 02 A e SATHZA 2 20180 =FE ZHAHE0] 107.911.02em = 5-2] 4 2.
2 7P EA et o m, 71 o] 2023 7HA] ZHAet SVt REEEE 2 ERlskelTh A= 20210 =5 7HAlE0l
11.860.22m= §-2]4 0 2 Q-461A] et o, SATHA I} fAFSH S4to] HHEE = Ze ERlsigith. 2R == 2016
ol A 2018'A7FA] ZhAdhe 7Rl YEREARE 20191 0] & 4} F7foh= 7ol et o] 2|3k 2= Han etal. (2018)2} Gu
(2010)2t Aot H3Fol o m, Al7ko] Zgof whet 37 A Q1 ek 2 Jlj7Fo] o] oA 1L Ql= 21 0 & ke,

ohe-0] =g of| thgt =EAE O] TIH= Table 59+ 2Tt =452 Holl =5 7HA|E0] 495.25+2.73kg® 7Y WA Yl
1 o 5ol =FH 7hA|E0] 508.912.75kg = 71 =] LFEFSATE. Lee and Yoon (2021)2F Sun et al. (2010)2 74201l 7 =] UEbs
o, ofgof| 7P RA YeRTHL B sl =t o] = 2 A A atet /e &2 Bt SATHA T ZU A = o 53t
7ol E5H iSOl Ao g =4 e, 33 Agol E5H /IAES f4 & 9A UEttEt, o= Han et al.
(2018)0] Ea1gt W87} FAFSIQITE SA A= A20] =5E ZHAIE0] 13.2410.17m= 71 EA] e o™, of E3} 7FS0f]
§olA o g U Uehytth SA R of) gt A A1 E Al B, Park et al. (2015)2 A20] §-o]A 0 g A et B
SF.OH, Sunetal. 2010y &2 A=oll 594 0 &2 =A] YepHThL HAsl=t], o] = & A4kt AR o] & Fall =

S5 A wet 2 Ao ik -§-20 2Rl &po| 7} Lepton, 11 Fol| A= of F-of =5 A E0] 50| ¢t Aoz U
Ebte
Table 3. Analysis of variance of the carcass traits
Source df Mean squares

CWT EMA BFT MS
Slaughter year 7 71606.66* 907.47* 96.96* 7.95%
Slaughter season 3 12725.18* 516.27* 41.14* 18.53*
Slaughter month 6 47933.37* 2074.46* 31.09* 12.46*
Growth area 1 149412.77* 4254.17* 106.64* 10.57*
Error 2,282 2993.34 171.37 17.75 2.54
CWT, carcass weight; EMA, eye muscle area; BFT, back-fat thickness; MS, marbling score; *, p<0.01.
Table 4. Least-square means and standard errors according to slaughter year Hanwoo steer
Slaughter year CWT(kg) EMA (cnt) BET (mm) MS(Point)
2016 Under 477.96 £ 4.09¢ 101.74 £ 0.98¢ 13.2 +0.32» 7.32 £ 0.12
2017 479.11 + 4.46° 103.94 + 1.07> 13.54 4 0.342 6.9 = 0.13°
2018 494.86 + 4.26¢ 107.9 £ 1.022 13.05 + 0.33¢ 6.88 + 0.12"
2019 501.91 = 2.74 106.33 £ 0.65 13.33 £ 0.212 7.33 £ 0.08
2020 502.59 + 3.074 106.2 + 0.73» 12.31 £ 0.24¢ 7.26 £ 0.09
2021 511.13 + 2.88¢ 107.48 + 0.69° 11.86 + 0.22¢ 7.4 £ 0.08
2022 519.11 + 248" 104.43 £ 0.59° 12.6 + 0.19 7.22 £ 0.072
2023 534.45 + 4.48* 105.12 4= 1.07% 13.11 + 0.34%¢ 7.34 £+ 0.132
CWT, carcass weight; EMA, eye muscle area; BFT, back-fat thickness; MS, marbling score
Table 5. Least-square means and standard errors according to slaughter season Hanwoo steer
Slaughter season CWT(kg) EMA (cm) BET (mm) MS(Point)
Spring 495.25 + 2.73¢ 104.67 =+ 0.65 12.92 + 0.21% 6.98 + 0.08"
Summer 508.9 £ 2.75 107.03 =+ 0.66° 12.69 + 0.21° 7.48 £ 0.08°
Autumn 505.37 & 2.4 105.26 + 0.58® 12.64 = 0.19° 7.29 £+ 0.072
Winter 501.06 + 2.26™ 104.6 + 0.54° 13.24 = 0.17° 7.08 £+ 0.07°

CWT, carcass weight; EMA, eye muscle area; BFT, back-fat thickness; MS, marbling score
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Sh9-o] =g Ao ot Z57 L Q] EH= Table 63} 2Tt EA41F, SATHHA, SAYFA|, THA L E = E51E o] 7}
st42 P Aol tist Hagtol Z27kehe A Blon, BAES 3470198 ool A 522.73+4kg, SATHA T} U EE
3371 %ol A 108.790.88cr, 7.590.1174, SAFA= 32714 ol A 1331£0.22m= §-2] 4 02 =] e Gu (2010)2}
Sun (2012 EsP7HE ol gt AP HS} o] S LeRA ZATtof|A] AlZto] Aol mhe} T A o] Htgho] S7Istchal B
I3l om, o= & A A et fARSHIT o] 2igt ATt Foll A4 Sopid ol thet 24 F A MM BFE T = US A
O 2 yhohEch

oh9-9] T Aol gk AFSA| 9] M= Table 70 2T BT, SAHTHA, SAGFA, ZUHAGEAA oA ARSH
NA7F A5 ARSE A et o)A 0 2 A e Lee and Yoon (2021)2 &2 o] EF 2] o] HIF| RE FAojA &
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Table 6. Least-square means and standard errors according to slaughter month of Hanwoo steer

Slaughter month CWT(kg) EMA (cmi) BFT(mm) MS(Point)
28 Under 477.04 £ 3.854 100.24 £ 0.924 12.34 £ 0.3¢ 6.83 £ 0.114
29 494.15 +£ 3.28¢ 102.82 £ 0.78¢ 12.53 £ 0.25° 6.97 £ 0.1
30 496.45 + 2.7¢ 103.96 #= 0.65¢ 12.73 4 0.2120¢ 7.22 £ 0.08"
31 499.79 £ 2.61° 106.14 + 0.63° 12.87 & 0.22b¢ 7.26 + 0.08"
32 510.53 £ 2.86P 107.84 + 0.69% 13.31 = 0.222 7.2 £ 0.08
33 517.79 + 3.66® 108.79 £ 0.882 13.08 =+ 0.282e 7.59 + 0.112
34 Upper 522.73 &= 42 107.94 £ 0.96%> 13.27 = 0.31» 7.37 £ 0.120

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

Table 7. Least-square means and standard errors according to area of Hanwoo steer

Growth area CWT(kg) EMA (cni) BFT (mm) MS(Point)
Gyeong-nam 510.79 £ 1.76* 106.77 £ 0.422 13.09 £ 0.142 7.27 = 0.05*
Gyeong-buk 494.49 + 1.76° 104.02 4= 0.42b 12.66 + 0.14° 7.14 £ 0.05P

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

Table 8. Genetic parameters for carcass traits of Hanwoo steer

Trait CWT EMA BFT MS
CWT 0.51 0.52 0.42 0.45
EMA 0.51 0.64 0.15 0.74
BFT 0.32 0.07 0.36 0.23
MS 0.28 0.55 0.12 0.59

Diagonals: Heritability; Upper Diagonals: genetic correlation; Below Diagonals: phenotypic correlations; CWT, carcass weight;
EMA, eye muscle area; BFT, back-fat thickness; MS, marbling score
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Woll Lets7toll A AFSE oF 109HF-5 thd o2 TAIF, SATHA, SASFA, A e f43E 2743 23}, ZH2t0.62,
041, 0.54,0.582 B 1519t} 2 A ZAvtet v watH, =453 S AT/ = th2 Agd o] vls] g2 o] WA 3% ﬂ‘iiZlUP
SATHAL YA E= = FE QI 5Ys LRI M5 o] 838t Aol = Thgst At Auprt Apouh=], o]
Aof] AR Aol A AReFRH of| mhE xfo] 2 e Th(Lee et al., 2019; Sun ., 2021).

AP el RS AR, =AY SATHY, SAYEA|, TUHAYE Alo]o] f7/ddo] 242} 0.52, 0.42, 0.45
2 Uepton, SATHA I SAGEA|, FUARE Abo] o] {7/ 0.15, 0.742 LUERSE A, S A A 2F FUHA R Alo] o]
ST 0230 & YERTH AP AT Y, EXF3 SATHA, SAEA, TUHAGE Ato]o] m#F ko] bzt
0.51,0.32, 0282 UrEP o, 54 ‘EJ A 3} SAGFA, THARE Alo]o] EHF/AFT2 0.07, 0552 LFERG AL, SARFAILE &
WA Afo]o] /T2 01202 YERT MY ATLE AT EH, Noh et al. 2021)= EAISH SATHHA, SAGFA|, &
WA Abol Q] Xd Jao] 744 058,049, 0242 =A|F3 TUALE Ato] o] /¢S AlQlst L 2] P2 7he] g2/t
A 2 AFEDH =A] 245U Lee and Yoon (2021)2 54 TH A2 SAHFA|, A E Abo] o] {7d/4dtho] ZF2}-0.03, 041
o™, Lee et al. (2019)= 212} -0.07, 0,442 HISIG =, 2 A4 12| SATHA I} SAFH Atole] -4 ol A A+
oF th2 A o] AFiA7t %E}kkﬂ TUALE Afo] 9] f2d/de 2 A Aol A = A YERSTE Sun et al. (2010) SASF7
oF WA E Afo]o] R/ 03608 = A datE E}% | et B A 3e] A3l Kim et al. (2020)2} Do et
al. (2016)0l1 4] EH P/ 4 &= A2 T2 YeRG AT 2E S Ue 3 e UERTh

CONCLUSION

2 AT £33 o] 402 YA B9 A% AFS H5] 98] AN 230059 EAG ol cft BHEY L fHBS
£ 2759l 240 AL8Y BHETZE EHUE, £5AE, 254U L AR A oo, BARA S AN AT, BH LI
7t 2t 3] cfsl 3182 YFpu00)E F AOE Uehdth. S EAF SHUA, SAFEA L IR0l
247}051,064, 036, 059% SAYFAL AT FUEL 10| §HS hehhgiek. o= 2|49 S HusE 2AL

L 07} 2 Bt el £ Bt o 2 Hslo] AR B3 At of B Uekd 210 2 AR EIC ujeh £

12 uigo 2 HHo) AAREL Aok AR 7 ZARE BEITH Kok ZEH
7102 W], FFo| = o]of vl 43t F71AT RESA WYslo] Ae AT B UL
A A% A Bk AFETE 5o 57 A5 Fohol= 7]eld 4 e A0 AR E:

o 4> 2 o
o yo
i) m[o i)

CONFLICT OF INTERESTS

No potential conflict of interest relevant to this article was reported.

ACKNOWLEDGEMENTS
%715 % (Rural Development Administration) 25 TLAFA (A 2 PI0162182021)2] Aol 2J5f o] F0]Zl Zlojm, A1H] 2|
ol A=yt

Journal of Animal Breeding and Genomics 129



Analysis of environmental effects and estimation of genetic parameters for carcass traits in Hanwoo steers produced through embryo transfer

REFERENCES

Choi JS, Jeong JT, Lee JK, Choi YS, Jung MO, Choi YI. 2017. Effect of boiled feed on carcass characteristics of Hanwoo steers. Bulletin of the
Animal Biotechnology 9:33-37. [in Korean|]

Chung YJ, Lee SH, Lee HK, Lim DJ, Wert JVD, Lee SH. 2020. THI modulation of genetic and non-genetic variance components for carcass trait in
Hanwoo cattle. Frontiers in Genetics 11.

Cho SR, Kang SS, Kim UH, Lee SD, Lee MS, Yang BC. 2017. Study on ovum-pick up for improvement of embryo transfer efficiency in Hanwoo
cows. Journal of Embryo Transfer 32(3):147-151. [in Korean]

Choi BH, Park BY, Kong RM, Son MJ, Park CS, Shin NH, Cheon HY, Yang YR, Lee JW, Jin JI, Kong IK. 2019. Effect of serum and serum free
media on the developmental competence of OPU derived Bovine IVP embryo. Journal of Animal Reproduction and Biotechnology 34(4):305-
310.

Do CH, Park BH, Kim SD, Choi TJ, Yang BS, Park SB, Song HJ. 2016. Genetic parameter estimates of carcass traits under national scale breeding
scheme for beef cattle. Asian Australasian Journal of Animal Science 29(8):1083-1094.

Gu YM. 2010. Research on the development of the genetic evaluation system on Hanwoo carcass traits. PD.D dissertation, Gyeongsang National
Unvi., Jinju, Korean. [in Korean|

Jil TC, Rahman MM, Pitchayapipatkul J, Mashitah SM, Nor Azlina AA, Raja Ili Airina RK. Viability of bovine opu-derived oocytes to honeybee as
cryoprotectant. IOP Conference Series: Earth and Environmental Science 756:012063.

KIAPQE (Korea Institute for Animal Products Quality Evaluation). 2023. 2022 animal products grading statistical yearbook. KIAPQE, Sejong,
Korea. [in Korean]

Kim EH, Sun DW, Kang HC, Kim JY, Myung HC, Lee DH, Lee SH, Lim HT. 2021. A study of the genomic estimated breeding value and accuracy
using genotypes in Hanwoo steer (Korean cattle). Korean Journal of Agricultural Science. 48(4):681-691. [in Korean]

Landi V, Maggioino A, Cecchinato A, Mata LFM, Bernabucci, Rossori A, Palo PD. 2023. Genotype by environment interaction due to heat stress in
Brown Swiss cattle. Journal of Dairy Science 106(3):1889-1909.

Lee CW, Song JS, Choi JW, Kim JB. 2019. Gender effect on the genetic evaluation of Hanwoo carcass traits. Journal of Agriculture & Life Science
53(3):85-98. [in Korean]

Lee GH, Lee YS, Moon SJ, Kong HS. 2022. The accuracy of genomic estimated breeding value using a Hanwoo SNP Chip and the pedigree data of
Hanwoo cows in Gyeonggi Province. Journal of Life Science 32(4):279-284. [in Korean]

Lee YS and Lee JY. 2016. Estimation of genetic parameter for carcass traits in commercial Hanwoo steer. Journal of the Korean data and
information science society 27(3):741-747. [in Korean]

Lee DJ and Yoon DH. 2021. Estimation of genetic parameters and analysis of environmental effects on carcass traits of the Hanwoo brand steer.
Journal of Animal Breeding and Genomics 5(3):113-123. [in Korean]

No JK, Park CH, Son JH, Lee KH, Do CH, Lim HT, Lee JG, Choi TJ, Koo YM. 2021. Estimation of genetic parameters and identification of
correlations between carcass traits and birth weight in Hanwoo. Journal of Animal Breeding and Genomics 5(2):71-93. [in Korean]

Misztal I, Tsuruta S, Lourenco DAL, Masuda Y, Aguilar I, Legarra A, Vitezica Z. 2015. Manual for BLUPF90 family programs. http://
nce.ads.uga.edw/wiki/lib/exe/fetch.php?media=blupfO0_all8.pdf (2022.07.25.)

Parnell PF. 1984. Best linear unbiased prediction (BLUP) and the design of breeding programs. Animal Production in Australia 15:513-516.

Pegolo NT, Albuquerque LG, Lobo RB, de Oliveira HN. 2011. Effects of sex and age on genotype x environment interaction for beef cattle body
weight studied using reaction norm models. Journal of Animal Science 89:3410-3425.

Park HR, Eum SH, Park JH, Seo JK, Cho SK, Shin TS, Cho BW, Park HC, Lee EJ, Sun DW, Lim HT, Lee JG, Kim BW. 2015. Contribution
analysis of carcass traits on auction price in Gyeongsangnam-do Hanwoo. Journal of Agriculture & Life Science 49(6):187-195. [in Korean]
Sun DW, Kim BW, Moon WG, Park JC, Park CH, Koo YM, Jeoung YH, Lee JY, Jang HG, Jeon JT, Lee JG. 2010. The estimation of environmental

effect and genetic parameters on carcass traits in Hanwoo. Journal of Agriculture & Life Science 44(6) pp.83-89 [in Korean]

SAS Institute Inc. 2016. SAS® 9.4 Language Reference: Concepts, Sixth Edition. Cary, NC: SAS Institute Inc.

Sun DW. 2012. Estimation for environmental effect and genetic parameters on carcass traits of Hanwoo and analysis of its contribution to price.
PD.D dissertation, Gyeongsang National Univ., Jinju, Korean. [in Korean]

Sun DW. 2021. A study on the estimation of genetic parameters on carcass traits in Gyeongnam Hanwoo. Journal of Animal Breeding and

Journal of Animal Breeding and Genomics 130



Analysis of environmental effects and estimation of genetic parameters for carcass traits in Hanwoo steers produced through embryo transfer

Genomics 5(3):85-90. [in Korean]

Williams JL, Lukaszewicz M, Bertrand JK, Misztal 1. 2012. Genotype by region and season interactions on weaning weight in United States Angus
cattle. Journal Animal Science 90:3368-3374.

Han JM, Lee YS, Kong HS. 2018. The effect of the evaluation factor for genetic improvement associated with economic traits of Hanwoo. Journal of
the Korean Data and Information Science Society 29(5):1279-1286. [in Korean]

Journal of Animal Breeding and Genomics 131



