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ABSTRACT

This study was conducted to explore the connection between the birth weight and carcass traits of Hanwoo and to use
the data collected from Chungnam National University, which participated in the Hanwoo cow test farm project, as basic
data on the establishment of improvement goals for birth weight. The analysis used 342,659 birth weights of animals born
from 2002 to 2018, 302,474 animals of pedigree data and 387,961 animals of carcass traits data. In order to estimate the
correlation between birth weight and carcass traits, two statistical models were established and analyzed in consideration
of environmental factors affecting the trait. In the first model(Model 1), the heritability of steer was 0.28, 0.67, 0.70, 0.41,
0.63 and 0.48 in BW, SW, CW, EMA, MS and BF, respectively. The cows were 0.30, 0.34, 0.32, 0.20, 0.21 and 0.37, respectively.
The results of the second model(Model 2), including the permanent environmental effect of the maternal, showed an
increase in heritability of 0.01 to 0.29 for steer and 0.31 for cows, showing no significant change. Genetic correlations
between BW, SW, CW, EMA, MS and BF in steer were 0.39, 0.42, 0.40, 0.25, and 0.24, respectively, showing moderate
correlations. The cows BW, SW, CW, EMA showed similar results with 0.31, 0.41, and 0.44, respectively. According to the
results of the study, the genetic relationship between the heritability to BW, SW, CW and carcass trait shows that the birth
weight is related to each carcass trait. It is believed that it can be used as basic data.
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Table 1. Number of records by birth year, carcass year and birth region in steer

B_year Obs. C_year Obs. Region Obs.
2002 32 GG 6,755
2003 33 GW 490
2004 25 2004 S CB 5,649
2005 235 2005 55 CN 9,958
2006 876 2006 21 JB 7,009
2007 2,517 2007 105 JN 7,855
2008 4,202 2008 505 GB 3,973
2009 6,788 2009 1,647 GN 5,324
2010 9,544 2010 3,402
2011 10,369 2011 5,732
2012 3,581 2012 7,870
2013 1,868 2013 10,944
2014 2,379 2014 7,173
2015 1,689 2015 1,978
2016 1,363 2016 1,981
2017 1,281 2017 1,972
2018 231 2018 1,586

2019 1,304
2020 733
Total 47,013 47,013 47,013

"B_year: Birth year, Obs.: Observation number, C_year: Carcass year, Region: Birth region-GG: Gyeonggi,
GW: Gangwon, CB: Chungbuk, CN: Chungnam, JB: Jeonbuk, JN: Jeonnam, GB: Gyeongbuk, GN: Gyeongnam.

Table 2. Number of records by birth year, carcass year and birth region in cow

B_year Obs. C_year Obs. Region Obs.
2005 54 GG 2,683
2006 183 GW 424
2007 471 2007 3 CB 3,970
2008 1,198 2008 12 CN 3,730
2009 2,205 2009 87 JB 3,297
2010 3,384 2010 262 JN 1,163
2011 3,740 2011 520 GB 449
2012 1,951 2012 1,605 GN 286
2013 830 2013 2,824
2014 878 2014 3,218
2015 572 2015 3,004
2016 362 2016 1,907
2017 157 2017 895
2018 17 2018 630

2019 635
2020 400
Total 16,002 16,002 16,002
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Table 3. Data information in Steer and Cow herd

Item Steer Cow
No. Animal 47,103 16,002
No. Sire 509 363
No. Dam 37,590 14,481
Average inb % 0.26 0.25
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Figure 1. Inbreeding percent on steer
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Figure 2. Inbreeding percent on cow
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Table 4. Kolmogorov-Smirnov test of birth weight and Carcass traits in steer

K-S D(Pr>D)
Value Obs. BW LW CW EMA BF MS
D 47,103 0.176 0.020 0.015 0.056 0.089 0.123
P 0.01 0.01 0.01 0.01 0.01 0.01

K-S D: Kolmogorov-Smirnov statistic, No. Number of observation, D > 0.05 : Normal distribution, D < 0.05 : Not normal
distribution, BW: Birth weight, CW: Carcass weight(kg), EMA: Eye muscle area(cm’), BF: Backfat thickness(mm), MS:
Marbling score.

Table 5. Kolmogorov-Smirnov test of birth weight and Carcass traits in cow

K-S DY(Pr>D)
Value Obs. BW LW CW EMA BF MS
D 16,002 0.207 0.019 0.013 0.051 0.078 0.136
P 0.01 0.01 0.01 0.01 0.01 0.01
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BW LW
CW EMA
BF MS

Figure 3. Distribution of each traits in steer
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BW LW
CW EMA
BF MS

Figure 4. Distribution of each traits in cow
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Table 6. Basic statistic for traits by sex

Traits Steer Cow

Obs Mean SD Obs Mean SD
BW 47,013 26.72 1.71 16,002 25.59 1.52
LW 717.06 68.41 592.20 69.23
CW 426.77 44.99 338.42 45.82
EMA 92.02 10.75 83.93 11.06
BF 12.99 4.85 12.35 4.94
MS 5.71 1.94 3.89 1.80
C_days 931.30 44.94 1,388.24 273.20

"BW : Birth weight, LW : Live weight, CW : Carcass weight, EMA : Loin muscle area, BF : Backfat thickness, MS :
Marbling score, C_days : Carcass days.
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Table 7. Basic statistic for traits by sex and region

Region’ Trai Steer Cow
egion raits Obs. Mean SD Obs. Mean SD
GG BW 6,755 27.04 1.37 2,683 24.88 1.27
IW 719.27 66.41 580.04 69.82
CW 426.64 43.66 329.77 46.13
EMA 90.47 9.98 81.67 10.56
BF 13.14 4.88 11.40 4.98
MS 5.52 1.90 342 1.72
GW BW 490 26.13 1.57 424 24.59 0.90
IW 706.10 63.41 581.07 68.58
CW 418.86 42.49 333.64 46.32
EMA 89.20 10.79 81.90 10.59
BF 12.99 4.72 11.91 4.84
MS 5.43 1.94 3.99 1.66
CB BW 5,649 25.94 1.34 3,970 25.12 0.95
IW 731.84 70.99 608.32 69.94
CW 432.20 46.60 346.97 46.00
EMA 93.84 11.00 85.96 11.33
BF 13.06 4.47 12.93 491
MS 5.77 1.85 3.98 1.81
CN BW 9,958 27.26 1.84 3,730 26.30 1.94
IW 718.66 71.07 589.90 67.64
CW 425.93 46.45 337.29 45.01
EMA 92.50 10.54 83.72 10.88
BF 12.77 4.65 12.29 4.83
MS 5.74 1.85 4.08 1.78
JB BW 7,009 27.22 1.91 3,297 25.96 1.40
W 714.66 68.49 591.34 68.15
CW 428.92 46.07 338.44 45.04
EMA 94.33 11.22 84.54 10.85
BF 13.69 5.13 12.80 4.97
MS 6.20 2.01 3.94 1.79
JN BW 7,855 26.32 1.44 1,163 26.03 1.35
LW 711.58 65.08 583.26 65.86
CW 426.35 42.96 336.43 45.79
EMA 92.11 10.71 83.37 11.27
BF 13.46 5.01 12.28 4.98
MS 5.69 1.98 3.89 1.84
GB BW 3,973 25.54 1.74 449 24.93 0.78
LW 708.71 65.86 586.39 65.86
CW 421.65 43.15 336.46 43.62
EMA 90.95 10.64 81.79 10.78
BF 12.33 4.71 11.39 4.67
MS 5.58 191 391 1.81
GN BW 5,324 27.00 1.39 286 25.99 1.31
IW 713.98 67.26 584.52 65.88
CW 424.93 44.40 333.60 43.04
EMA 88.98 10.13 81.46 10.97
BF 11.99 4.77 11.54 4.59
MS 5.35 1.97 3.85 1.79

"Region: Birth region-GG: Gyeonggi, GW: Gangwon, CB: Chungbuk, CN: Chungnam, JB: Jeonbuk, JN: Jeonnam, GB:
Gyeongbuk, GN: Gyeongnam.
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Table 839 2 Figure 72} 8oll= A 2 Aol thgh A dd 7|25 2M1E Uehlich ANt oo 2 E
7} AXS-= 20025 8] 2018W7HA] 2 UEREO L fA= 2005H 2 E] 2018 E7FA] 2 LrEtTh AutE Au HH AxQ-9F o
20M SAFFAE ALt A, E5tAE, T, SATHE, TUHARE FZo] Skt e Ao Uepitt g3
W A iR =2 Al B A4 9= A AIF0] A7 1.6 kg7 Z718he 2102 U, E35H41% 6.09 kg, =A% 2.96

SATHZ 0.82 cm?, SAIFA| 0.04 mm, ZUAIEE 0.09% 71 27151 Qe 202 Uestth Qraols AYAIH1E
0.08 kg, Z3F41% 5.02 kg, =A% 3.41 kg, SATHA 0.69 cm2, SAHFA] 0.32 mm, ZUHARE 0.09% 71 2715k Qe
202 yepgt), =5t AMS-0] 7iE7HEe] TA|F I} SANFAE A Llst BE PHolA £2 202 Yehgt=d] o= A
A9t gFAo] ARgEZ o] 17| At TS ARG 0 B ARG E| o] 17| AR ARGEE AM9-0] 749 =S5 W AR o
HALR &2 ARSE|Ch 5] = hAo] Aloprbr]ol] Hlsto] Aol PaFs IA] v|x]7] Wi}l A o & mekEr,
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Table 10 % Figure 9, 10°= 7 Al9-2 h4o] SAAEE 71 254132 eIt Al ] 722 397 E 5E8482 &, 69
FE 88 S o5, 927 E 11245 71, 12977 E o] 53l 287 E A2 = 23513t

Table 10. Basic statistic for traits by sex and birth season

S Trai Steer Cow
eason raits Obs. Mean sD Obs. Mean sD
Spring BW 10,224 26.66 163 3418 25.55 144
LW 712.32 67.09 590.42 69.03
W 425.16 4.5 337.56 45.78
EMA 92.44 10.81 83.99 11.10
BF 12.91 478 12,53 4,89
MS 5.80 195 3.97 1.80
Summer  BW 18,546 26.78 173 6,544 25.56 150
LW 719.59 69.12 59443 70.09
W 429.35 45.28 340.35 46.22
EMA 92.25 10.71 84.30 11.03
BF 1329 489 12.57 499
MS 5.83 192 3.95 1.80
Autumn  BW 10,934 26.69 171 3625 25.65 156
LW 718.86 69.04 589.40 68.50
W 426.08 45.39 336.16 45.44
EMA 91.54 10.83 83.45 1111
BF 12.79 488 11.83 4,84
MS 5.55 193 384 1.79
Winter BW 7,399 26.68 173 2415 25.65 1.64
LW 714.59 67.00 592,91 63.08
W 423.46 44.29 337.79 45.17
EMA 91.55 10.60 83.60 10.99
BF 12.62 473 12.30 497
MS 5.54 194 3.69 175
BW w
cw EmMA
BF Ms

Figure 10. Means of each traits by birth season (Steer)
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Figure 10. Means of each traits by birth season (Cow)

A A Ao R e} Aol Hlgte] of ol At ZHxES] A o] Ax ol AAIF T S5HAIF, =4I, SATH
2 SAEA, ZUA e 72 26.73+1.73 kg, 719.59+69.12 kg, 429.35+45.28 kg, 92.25+10.71 cm?, 13.29+4.89 mm,

83+1.924 0 2 Lehgtal, eh4o] 79 25.56+1.50 kg, 594.43+70.09 kg, 340.35+46.22 kg, 84.30+11.03 cm?, 12.57+4.99
mm, 3.95+1.8074 0.2 Uepigth. ZAAA 7H 58 9] Bk 4] o, 57te] AR Alo) we} ohE Al Bt -0l gl A

A 7] 47} ] Bk, 5 ek B2 A0 Uehgith

3) gAmat 5

ANAET Aol 9L vl Aol wdE= 247, S8YE, SAEY] ST 3 =5U¥ol st GLM
(Generalized Linear Model)}%*4-S SAS 9.1.3 Package program= 0]-8-5}0] A AI5Ht}. Table 113} 1200= ZF2 A A<t &
40 FAREA] AR UERRIT BA 2GS A ER AYAAFT-E AH9-2k ol B SAA -2 =2 &
7|23} =g 0] 3 glo] thste] o] -2 2to](P<.001)5 LHEFHCE

Table 132} 140fk= 242 M| 2.0 4no] P 2 ZAG A 24280 HeEgict

7Mee] g 1 2R 2AEN S A EE AT S5 B =AIE, SAEHE, A E, SAYE 9
2ol 242}0.08, 0.08, 0.05, 0.04, 0.04= A7} A2 Gl= 2 02 Lyehghon), EiASa A, SHTHA Afo] o] g2
WA= 242} 0.95, 0465 Hehdo] 1] A o] AlS Hehigict.

EAPA 7o) AUIAS Ay =ET SASHY, ZUAYE, SAEEA AbololAE 2t} 0.50, 0.22, 0.372 L
ko, SAHHA T TUHARY I, SAFA Aol o] Al 242} 0.43,0.09.2 2 LeRdal, A ot -SAFA Aol
oIl 0.152 LRt AP 7he) EH R Al oo 2 2102 Lo L), ST I SAYA| AfolellA = ke
A7 79) gle Aoz LeRsth.
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Table 11. Analysis of variances among the each traits to effects (Steer)

. HYS C_days
Source
DF MS FV DF MS FV

LW 3.40 46313.44 10.737 1 4670673 1082.29"
CW 14867.12 7.82" 1861034 978.95"
EMA 1162.75 10.817 23810.5 221.33"
MS 26.54742 7.42” 624.1846 174377
BF 118.4724 5.22" 5031.303 221.58"
BW 103.7741 47.08"

"HYS : herd-year-season, C_days : Carcass days, DF : degree of freedom, MS :

"p<0.05.

Table 12. Analysis of variances among the each traits to effects (Cow)

mean square, FV : F-value, p<.0001,

. HYS C_days
Source
DF MS FV DF MS FV
W 262 22210.94 512" 1 3542524 817.37
CW 9270.67 479" 1025642 529.84"
EMA 364.30 3.11" 22896.26 195.28"
MS 10.80 3.49” 1.22 0.39"
BF 102.89 455" 9718.29 429.677
BW 32.35 17.76"
Table 13. Phenotypic correlations of the weight and carcass traits in steer
Traits BW LW CW EMA MS
LW 0.08”
CW 0.08" 0.95"
EMA 0.05" 0.46" 0.50"
MS 0.04” 0.16" 0.22" 043"
BF 0.04" 0.30" 0.377 0.09” 015"
“p<.0001, p<0.05
Table 14. Phenotypic correlations of the weight and carcass traits in cow
BW LW CwW EMA MS

LW 0.03"
CW 0.04" 096"
EMA 0.04” 0.59" 0.64"
MS 0.04” 0.28" 033" 0.34"
BF 0.02° 0.43" 0.49” 0.29" 027"

hAo] FA 7 A BAANE AT EH ARSI S5HAF W =AF R THITEAIZE AA-eF R R 2 A9
= Ao 2 Yepstth ot S5k 5 a0t TG 2 1F TG AA TS AM-eF ]S ATEEA S LFERAG L S THH
23} SAEA L] A7 0.290 2 Feo] A o] AHHAIS YRS, A et SAEA| =5 0.272 AAe-et

L 99 5, 4w o] 4
_E_x]tl]-c ]

(2017)2 =A1F2} SAHTHA

TUAY I Ato]ojlA] Z

= Upehigic, Alay ey aks 4
247} 0.54, 0.36, 0.152 LJERL; 2
, SAE,

I EH A 520122

TAE S
Ate] ZItEr} oA WA 34 | ZoR
ZUIAHEE Alolof|A] ZF2F0.534, 0.231, 039022 UreEhgtar,

=) Afole] EaATIol 01322 714 WA ekt Bnsto] B olqie} )2t Anke ekl

A, U,
UpeRsta, A
A2} SR
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Table 15. Estimates of variance components, heritabilities, and log likelihood (Logl) values and likelihood ratio test
(LRT) fo comparable models for individual birth weight in steer

Components 0, Oy’ Ome O. O, h° LogL LRT Model DF  P-value
comparison

Model 1 0.69 0.70 1.08 246 0.28 858913.37 31.94 1vs?2 1 NS

Model 2 072 064 005 1.06 246 029 858945.31

"LogL : Log likelihood, LRT : ’ test statistic for the likelihood ratio test = -2(LogL_(reduced model) - LogL_(full model)),

Model comparison = compared reduced model (Models 1) vs. full model (Model 2), DF : Degree of freedom for the )’ test
statistic, NS : not significant.

Table 16. Estimates of variance components, heritabilities, and log likelihood (LogL) values and likelihood ratio test
(LRT) fo comparable models for individual birth weight in cow

Components 0, 0w’ Ome O, 0, h LogL LRT Model DF  P-value
comparison

Model 1 0.61 0.63 0.76 200 0.30 258970.32 6.24 1vs?2 1 NS

Model 2 0.63 057 005 074 200 0.31 258976.56

4) gHRs 5

- YA Xﬂwoﬂ oSt 2|2 o] Relle 9-reu] 27 (Likelihood Ratio Test)& 5510} AniEgton, 7t mg Az 27de it

g B RS 7 Antel 24 2Hl Alg Zohu)7] 915k AM|9-eF 94x0] A AFHE Table 19, 2001 EsHiTt. AJAIA|
%9] 749 A avHMaternal effect)?HS 35 2§ A9t waj|o] 7187 G ¥H(Maternal permanent environment effect)
Lokt 23 419] likelihood ratio test B} A2} 4 EFol|A & B3 7k 2jo]7h A 9] gle Ao & UEHT. o= 24

of o] 88 A= E F ofn|e] §Hg7]E0] ©] 617 whEel 21 o2 ke,

Tegol w2 AA|9e} okl BAATLE Table 17 ~ 200 UERARITE £ A7HE A EH 2 HAf 23 (Model 1)ollA] A
0] YAAF, EotAlE, BAIF, SATHA, TUHAE, SAEAIS] A48 0] 212 0.28, 0.67, 0.70, 041, 0.63, 0.48% LFE}
WL, 40] 79 7H240.30, 0.34, 0.32, 0.20, 0.21, 0.372 L}EP”E} mAe] Y EntE 2 F B 2 (Model 2)2] 2
I+ Table 17 % 1801l YERASITY. A4 F7eg aalrt gt YA xEol it fd2o] AAlLolA] 0.29, d4oilx] 0.312
0.019] R o] F53t Ao & Ueht Z HSHE Hol 2= Yt o= BAof| o] 8 Ak& F ofu]e] ¥HE 7| S| T] Yot 2
Zto]7} gl 2 0 & whekETh YA A Fol| thsh 3 AL ATt AR 01(2012)L hano] YAIAIF F= 0] 0.6302tL B

3fo] £ A ATHAC 9L, SH2002)o] FHTNTRAION A P4 S PO R BIsh YAIHIF] fHES 0212 £

AATpET e 710 2 YERT Lopez 5(2019)2 1998 = 2%$E1 201795 5U71R] Q] $He AYAH|ZS 0] 85 Ao
K] A Aol ThEh g Eo] 0,228} B sto] B AT} Ky Lo A o & Lpepd)

Table 17. Variance components and heritability estimates of each traits by Steer (Model 1)

Components’ gl

BW LW CW EMA MS BF
o’ 0.69 3,396 1,576 47.66 2.56 11.96
o, 0.70
ol 1.08 1,705 680.70 67.41 1.52 12.95
o, 2.46 5,101 2,256.70 115.07 4.08 24.91
h? 0.28 0.67 0.70 0.41 0.63 0.48

0.’ * Additive genetic variance, o,, : Maternal variance, o’ : Residual variance, o,” : Phenotype variance, h* : Heritability.
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Table 18. Variance components and heritability estimates of each traits by Steer (Model 2)

Components* HisEfEl 2
BW LW CW EMA MS BF

o, 0.72 3,388 1,573 47.61 2.56 11.95
o 0.64

Gmpez 0.05

Ik 1.06 1,711 682.90 67.44 1.52 12.96
sz 2.46 5,099 2,255.90 115.05 4.08 2491
h? 0.29 0.66 0.70 0.41 0.63 0.48

‘0, Additive genetic variance, o,,” : Maternal variance, o, : Residual variance, ,” : Phenotype variance, h” : Heritability.

Table 19. Variance components and heritability estimates of each traits by Cow (Model 1)

Components* gt |

BW LW CW EMA MS BF
o, 0.61 1,553 659.3 23.64 4.88 1.21
O’ 0.63
ol 0.76 3,055 1,392 96.33 18.44 2.08
o, 2.00 4,608 2,051 119.97 23.32 3.29
h? 0.30 0.34 0.32 0.20 0.21 0.37

Table 20. Variance components and heritability estimates of each traits by Cow (Model 2)

Components’ Lilodel
BW LW CW EMA MS BF

o, 0.63 1,551 658.3 23.60 4.88 1.21
O 0.57

Ompe. 0.05

o) 0.74 3,056 1,392 96.36 18.44 2.08
0, pz 2.00 4,607 2,050 119.96 23.32 3.29
h? 0.31 0.34 0.32 0.20 0.21 0.37

3l 2]o] AFALS A B Eriksson 542004)°] CharolaisZ2} HerefordZ-2 thd 0.2 & Aol A= 742} 0.39, 0.43
o= B35, Celso 5(2019)2 A=A 421 Nellor cattleS th/d-0 2 S AAIAFQ] FH2H S 0472 Balsto] 2 A7
23} 2} =2 23kE Yepc.

@A) Aol gt e A7ATHE AT EH 0](2012)= E5HF, EAIF, SATHA, THAE, SAFAL] &
Aol 22}+0.47, 041, 0.06, 0.51, 0422 Hlsto] 2 A7 By S5kA|F, TAlE, TUHAE, SARA dolMe =
2 Y S e, SAEHE FEollA= W2 548E UL o, H(2017)0] SH-AANIS-E tid o2 BAls Aat
of| w2 =AF, SAITHH A YRR, SRR oll A Z42}0.24, 0.26,0.22, 0.372 B 151 oM A 5(2012) E41%, 5

SAI 0.24,0.25,0.21, 0.48% HEalsto] & Ay} Hof -2 52422 LFERS]

T} 512] AtAlElE A E R Koots 5(1994)2 A HHA 1S A, A=l A 242F0.26~0.57,0.23~0.46, 0.27~0.54
25 e IThaL B sto] 2 At A el vl gt ks Yepilet. 12 A dibe 28 sfe] o) A dnsE 7t
Aok At ks vEhd 210 &2 B 1siel=t) o] 23t A nke] Xfoli= lto] o] 85 A}g.0] H1/d B F-2] xlo], AR o]
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7} %/d3hE Table 21 ~ 240)) JERAQICE 2 4TS A EH ofn] a9 ofn|e] J1gh
F44 fol & UFERAR] ottt EstAlET 2AllF Afole] f4/do] 09702 7HE =& Z o=
LR AL, SAITHHA 3L SRS Atol9] a/dte] 0.062 7H W2 7102 Lrelth. =gt A F T E5HA1F, TA5,
= Al UIAHEE, SRR Alo|9] SaAtato] ZH2H0.39, 0.42, 0.40, 0.25, 0.24% LR AJA|A|Z0] ZF =4 A S
Aol =2 A0 & Ueh BAIAISS o] 839t EXIPE TliEo] 7hed A0 E mekE), A AT AP 1he] /314
A oigh =uie] ARE7E EA6HA] edot sl 2lof A1l At ATHE A EQth
Hailin 52016)-2 YA AZET}F 4= Alo]o] g1AkHo] 0460 2 LRt B usto] B At Aute} vl45t AntS et
W13, Eriksson 5-(2004)-2 CharolaisZol| A YA A5 2t =A415-2] 7-73/d3o] 0.53, HerefordZ0llA4] 0.112 LEFL Charolais
ZolMe B A7 AR} H|SSH Avks UERIAIRE HerefordZolAs 2 A2y} Bt Yo 710 2 Uehgtt =412 A
olo] fxl ol thgh A3 A7 ATE A EH, A(2017)2 EAIF A SATHA, THARE, AT Atololla] Zk240.34,
0.10,0.289] /g2 1AL, SATHA T ZUAIRY T, AT AololA= R34 dxdo] mnjgh 2l o g Hilsie 2
AFECt 2 2R E UERAAL, Wilson 5(1993)2 EAIEH} SATHA, TR T, SAFA 1te] g1k 7H2)
0.47,-0.06, 0.38= H.a15to] =X ZI SATHE, SALFAo| A= B35t 2akE JeRAS o Tl 5ot A= Abo]of]
= Aol gl 2o Ueht 2 Aok Aol Anke Ve, A 5(2012)2 =XIE T SATHA, TUARE, 54
A2 g o] Z42H0.53, 0.13, 0.372 LHERSE L SAI AR A, SR F ARl A 2124 0.36, 01302 B s}
of i AAte] AnpErt rha BA A=l ot H|S5h 70l A0 & UERGTY

Jo

Wi

Table 21. Genetic correlation among weight and carcass traits in Steer (Model 1)

Traits BW LW CW EMA MS
Lw 0.39

CW 0.42 0.97

EMA 0.40 0.53 0.58

MS 0.25 0.17 0.24 0.61

BF 0.24 0.42 0.49 0.06 0.11

Table 22. Genetic correlation among weight and carcass traits in Steer (Model 2)

Traits BW LW CW EMA MS
LW 0.39

CwW 0.41 0.97

EMA 0.40 0.53 0.58

MS 0.25 0.17 0.24 0.61

BF 0.24 0.42 0.49 0.06 0.11

Table 23. Genetic correlation among weight and carcass traits in Cow (Model 1)

Traits BW LW CW EMA MS
Lw 0.31

CW 0.41 0.96

EMA 0.44 0.57 0.64

MS -0.07 0.20 0.14 0.23

BF -0.02 0.28 0.32 0.01 0.16
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Table 24. Genetic correlation among weight and carcass traits in Cow (Model 2)

Traits BW LW CW EMA MS
Lw 0.31

CW 0.41 0.96

EMA 0.44 0.57 0.64

MS -0.07 0.20 0.14 0.23

BF -0.01 0.28 0.32 0.01 0.16

CONCLUSION

Sh-0] AAAHIZ-2 ZWA7F ol 7P 220 2 A= F-olot 1B g 7P Fa3 HAFE F shutE ks ojof
ORGSR g HAY $he-0] 2 AR Ao} gh =4S, ‘éé‘. H, A, SAGFAE ERA I QU & A= AYA]
A Z} dR 2] =P Aol AadS gl AAFS ol & 7HE*E“ A7 o] 7|ZALE & o] -85t AA] oP?iE}

2 Aol W=r AA| oA YA AIF} Z5tAlE ‘3! TAF, SATHA, FURHE, SAEA Abole] T A
2 717} 0.08, 0.08, 0.05, 0.04, 0.042 LrERE, QkAollM= 742 0.03, 0.04, 0.04, 0.04, 0.022 LHERL AJHol] Ad3glo] dA3t/do]
10 &2 UG e|u Z6lA|15-S HIEe =X A Atolofl= Hl A =2 4 4474]7} U= A2 Ve
LR BAS ol5to] YA A Z0]| FFS v]x]= A &K Maternal effect) THS 515t 23 Ala} x| &1to] ojn|o] oL
74 & 3¥HMaternal environment effect)S Z3}5l & A18 o]-8510] Zkzko] Aol u}= EZ%——% Jsiict ekar) S
of[A| Al-5-5H= 287 52 o] thgatal ofulof w2 FA QI S Eaprt SrhSolA P vl Zlo lﬂh%ﬂ‘}iﬂ 2ol &
7HA| 9] R3S A7sto] v uwsl] BQtct A ATRE A EH YA AF-e] - M-} Aok
7}+0.28,0.29, 0.30, 0.312 UrefL} ofm]e] o 1ehd Fato]| whe xjo]= 2] ke 7o & Ueptor ol%% Atof| o] & A=
7} ojn] 9] §h=7]|So] HA| olof Hgeh Aut= Al B3t AYAA|IFe] 79 Aol A Hglo] 0.28~0.319] =] A4 e
UrEhd BHH S51412 2 =X 2ol As AM970.41~0.7002 1% 0] 428 UERNQI AL QhAiolA= 0.20~0.3702 2%
o] fHE S LERlo] A 7t Aol 7t QL A 0 & YT o) 1ES Ak 52 0 2 AR E= A et SolA] aks &
0 2 ARSE|= Ao B aatthEn, EAF A TS Sl ARSElE AAe] 37t A Aol n|X]= FFFel 2
7] tZ0 2 et £5] AAI0] E5tAlF 2 B o] ako] RS Kol jhE A4 Zia bt A4 ds] e A
olg} ARt

FASBE AN RN S5k, EAIF, SATHA, TUARE, SARFRA Atolol|A] Z+2}0.39, 0.42, 0.40, 0.25, 0.242 Lt
ER} o] ARRIAIS UL raollA = AAAIF T 51T, EAIS, SATHA] Atolol|A] Z42F0.31, 041, 0.44% 7
Al et A 2 F 9] AHEAE U o U AN oF SAIEA| AfolollA= 44 1do] gl Ao = Ut
Stk ol 741 9-2] 7 HSA7| 2 Sk o] ol BIsto] 43St Hof Q7] ufliZo = s

2 Aol EA A ol wlet HAIAIE el thsh 2 at E6tA|F, AP ATl 44 A AatE EXE AYAHIF o) 22t
o] A% 9} %HOI W= Ao L}EM %k MFEx Ay 9 7H%‘f6éé_‘ Aol 7122t =
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Soliel 25 b sl s Hd’—%'ZPEE $21% 4 9l AV} SRElofop 20 2 AL EIct, ofeig o) A1)
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2 A= daARARI o2 Ftstaol £ ARE o] 8oto] She-o] MAIAIF I} EAE 7] AndS EAyste]
YN AF P Aol tish ZNFE R Aol tigh 71225 2 Aol fJal] 43 =] qict. A0l o] 8 Ak&= 2002 =] 2018
= ZNAEC] AYAIAIE 342,659713) o] ZHA|Eoll thet EE-5-5AE 302,474, A/ A2t S 387,961 F5 w4

ol- g5tk YA FH EAF A THSHLAE 57| Hotod, Foll IS v|A= S 2R1S TEsto] 271e] BARE
& AAgste] k2t BAetlct. mEgol whe AA-e} Aol B A= A #R] g (Model 1)0ll4 AA9-2] AHAIHZ, E51A]
=, A, SATHA FUREE SAEEA|e] fxdgo] Z12}0.28, 0.67, 0.70, 041, 0.63, 0.482 LFER Y, 9hAao] 749 22t
0.30, 0.34, 0.32, 0.20, 0.21, 0.372 Uehgtth Bxj|o] a4 aats m5kst & HA B3 (Model 2)9] Zak= AA-0llA] 0.29,
AAofA] 0.312 0.012] o] Ag5et A o2 Ll 2 RISHS Ho| x| giglet. & A raztol k2 ANl 4] A A1 Z:
1} E5HAF D 24T, SAEHA, TUAE, SAMEA Ato|9] R gk 7H2)0.39, 0.42, 0.40, 0.25, 0.242 UER} S
O] JHIAIE eI TL oA HAATT E51A15F, TAF, SATHE Alolol|A] 242 0.31, 0.41, 0.445 M|t H
55t Ak e 2 Are] A Aute] uleh YAHS Ol chsh AT E51A1F, mAE k] 577 AT ABAIA
M= A 02 UeR} S YAAGS o] 83t Sheatde] ka3 A% 9 7iRg R Aol
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