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Monte Carlo Simulations of Selection Responses for Improving
High Meat Qualities Using Real Time Ultrasound in Korean Cattle

D. H. Lee
Dept. of Animal Life and Resources, Hankyong National University

ABSTRACT

Simulation studies were carried out to investigate the responses of selection for three carcass traits
(longissimus muscle area: EMA, fat thickness: BF, and marbling score: MS) based on either adjusted
phenotypes (APH) or estimated breeding values (EBV) in multivariate animal model with different
breeding schemes. Selection responses were estimated and compared on six different models with respect
to breeding schemes using either carcass measurements or real time ultrasonic (RTU) scans generated by
Monte Carlo computer simulation supporting closed breeding population. From the base population with
100 sires and 2000 dams, 20 sires and 1000 dams by each generation were selected by either APH or
EBV for 10 generations. Relative economic weights were equal of three traits as EMA(1): BF(—1) :
MS(1) for standardized either APH or EBV. For first two models which were similarly designed with
current progeny-test program in Korean cattle, three carcass traits with records either only on male
progenies (Model 1) or on male and female progenies (Model 2) were used for selecting breeding
stocks. Subsequently, generation intervals on males were assumed as 6~10 years in these two models.
The other two models were designed with tools of selection by RTU rather than carcass measurements
with genetic correlations of 0.81~0.97 between RTU and corresponding carcass traits in addition to
whether with records (Model 4) or without records (Model 3) on female. In these cases, generation
intervals on males were assumed as 2~4 years. The remaining last two models were designed as similar
with Models 3 and 4 except genetic correlations of 0.63~0.68 between RTU and corresponding carcass
traits with records (Model 6) and without records (Model 5) on females.

The results from 10 replicates on each model and selecting methods suggested that responses indirect
selection for carcass traits in Model 4 were 1.66~2.44 times efficient rather than those in Model 1.
Otherwise, in Model 6 with assuming moderate genetic correlations, those efficiencies were 1.18~2.08
times with comparing to responses in Model 1. However, selection response for marbling score was the
smallest among three carcass traits because of small variation of measurements. From these results, this
study suggested that indirect selection using RTU technology for improving high meat qualities in
Korean cattle would be valuable with modifying measuring rules of marbling score forward to large
variation or modifying relative economic weight for selection.

(Key words : Monte Carlo simulation, Real-time ultrasound, Breeding scheme, Carcass)

HoATE 20029 % AU Shed e Al oFk Al
Corresponding author : D. H. Lee, Dept. of Animal Life and Resources, Hankyong National University, Seokjong
dong 67, Ansung-si, Kyonggi-do, 456-749, Korea.
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Table 1. Parameters commonly assumed in several simulation models

Parameters
Base population (Heads) 100(M), 2000(F)
Generation interval of female (yrs) 3~8

No. of animal for selection/Generation (Heads)
Fixed effects (Levels)

Random effects

Means of carcass measures

SD of carcass measures

Means of RTU measures

SD of RTU measures

WEW for selection by carcass measures
@EW for selection by RTU measures

Generations in simulation

20(M), 1000(F)
Sex(2), Year-Season(60), Test-Station(3)
Animal, Residual

74.74cm’(EMA) : 7.22mm(BF) : 3.07%(MS)
8.30cm*(EMA) : 3.29mm(BF) : 1.61%(MS)
74.08cm’(LEMA) : 6.87mm(LBF) : 3.31%(LMS)
7.57cm*(LEMA) : 2.67mm(LBF) : 1.437%(LMS)
1(EMA) : —1(BF) : 1(MS)

1(LEMA) : -1(LBF) : 1(LMS)

10

) Economic weights for standardized phenotypic or breeding values of traits by carcass measures.
@ Economic weights for standardized phenotypic or breeding values of traits by RTU measures.
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Lee ; Monte Carlo Simulations of Selection Responses

Table 2. Information of parameters on several simulation models according to breeding

schemes
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
OInterval (M) 6~10 6~10 2~4 2-4 2~4 2~4
@Rec. of Sire No No RTU YRTU RTU RTU
“Rec. of female No ®Carcass No RTU No RTU
“Selection “Carcass Carcass RTU RTU RTU RTU
() Generation interval of male; @ Measures of sires; ® Measures of females;
@ Selection criteria for meat qualities; ® No carcass measures of dam;
© Selection by carcass measures; " Selection by real-time ultrasonic measures.
TR 5 S FAYEL Arlel BE TR AL T ot V)5S 2t
28] A3sle] uvf At preconditioned con- = HoE JPASNI FES, FHIS 2 FTE
jugate gradient WHS o] &3k ThE BLUP 5= Aol &3k folx] BFE 7|Ho] §le
A(Tsuruta 5, 2001) ¥E o= FA43s190om 72+ 7oz 714819 tt. EMA, BF 2 MSol| gt
FAE SF7re] ZEsReE ol v TAE S B oAt e AR/ Table
Hojsto] AAFAS ALFEIaL Aol o 36l ARG sF FAEC g (F)at dE
gk A9 F5E d¥sigleon AwE F5S & EFE o|&siglth ddE@ e A
delunfE AAEt ARAAY H 24 xFoHAE FUIEAA FARTRE 7HAstl
AFE WEF o7 e EYelA 58F AEES] Fd <A A 537 54
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EYL v 2ol 7P (Table 2)3ke] A
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D2 AA Fdstal e 9 7, FHHEAR Model 13} SAsHA T8k
AR AR S AT = 524 1007
2ok 2000579 HAWAZ} 9l 712 A 3. 28 3(Model 3)
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om kA 1,000574 AAEeiqlch WA & B& 3 (Model 3)olHE EFd 93 §2A}
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Table 3. Residual and genetic (co)variances (upper diagonal) and their parameters (below
diagonal) for simulations in Models 3 and 4

EMA BF MS LEMA LBF LMS
Residual
EMA o 43)1860(; 4.736 1.699 32.200 3.986 0.461
6.169
BF 0.270 0.62) 0.068 5.208 3.630 0.439
1.071
MS 0.240 0.030 (0.46) 0.890 0.078 0.525
LEMA 0.740 0.340 0.140 38.900 4.099 0.406
(0.83)
3.519
LBF 0.310 0.780 0.040 0.350 0.59) 0.088
0.860
LMS 0.070 0.190 0.550 0.070 0.050 (0.45)
Genetic
EMA ® 1(107290(; —3.310 0.609 7.807 —2.389 0.702
3.722
BF 0.500 0.38) 0.389 0.909 2.964 0.160
1.266
MS 0.160 0.180 (0.54) 0.879 0.557 1.029
7.937
LEMA 0.810 0.170 0.280 0.17) 0.403 0.495
2.490
LBF 0.440 0.970 0.310 0.090 (0.41) 0.084
1.052
LMS 0.200 0.080 0.890 0.170 0.050 (0.55)

M Value in parenthesis: proportion of residual variance on total variance; ® Value in parenthesis: heritability.
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Table 4. Residual and genetic (co)variances (upper diagonal) and their parameters (below
diagonal) for simulations in Models 5 and 6

EMA BF MS LEMA LBF LMS
Residual
EMA (1)4(80'.1860(; 4.736 1.699 30.200 3.986 0.461
BF 0.27 (6016629) 0.068 5.208 3.030 0.439
MS 0.24 0.03 (10(4)176; 0.890 —0.078 0.525
LEMA 0.70 0.34 0.14 3(8098(;(; 4.099 0.406
LBF 0.31 0.65 —0.04 0.35 (":)55199) 0.088
LMS 0.07 0.19 0.55 0.07 0.05 ((:)?5(;
Genetic
EMA (2)1(10';90(; —3.310 0.609 6.407 —2.389 0.702
BF —0.50 (:;);282) 0.389 —0.909 2.064 —0.160
MS 0.16 0.18 (102;3 0.879 0.557 0.729
LEMA 0.66 —0.17 0.28 5)9137‘; —0.403 0.495
LBF —0.44 0.68 0.31 —0.09 (20‘:91(; 0.084
LMS 0.20 —0.08 0.63 0.17 0.05 (1005552)

M Value in parenthesis: proportion of residual variance on total variance; ® Value in parenthesis: heritability.
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m. 23 g o ah, A= 0.23 % (Table 7)01 Z7haict
Ay AT AN tE AARASF= ﬁu 0.78.
R

LFEE AN SRS flete] =
Qe ZAoT AWAZAL o|gdle] & 074 R 0.722M AFEF v WS 4 F
HoJsls EAPASS AFer] 9 2xs UAATE Wl Model 1914 FZE7tel o A
A FoEAS Boto Freg Aud WA EMA, BE B MS 5o 1093F 4
th= 4R AAE Model 1614 @]  FEol 2 1.22em’, —0.64mm 3 037H 0%
2% Ak AAE o, 10d7F ke A EAG 2AT AddelM ] AR Bu g
HEH TG A 1.03em(Table 5)7F = A AFHL des & 5 ATk E=SF o
7beta, SAMEAE 049mm(Table 6)7F 724 ™ We¥s B 7149 FA glojA

Table 5. Means(Gain), empirical standard deviations(ESD), determinants(R?), and relative
efficiencies(RE) of expected genetic gain by year for longissimus muscle area
according to phenotypic and BLUP selection in simulation (10 replicates)

Phenotypic Selection BLUP Selection

R’ DGain ESD RE R’ DGain ESD ®RE
Model 1 0.78 1.03 0.05 1.00 0.91 1.22 0.05 1.00
Model 2 0.86 1.49 0.06 1.44 0.94 221 0.06 1.81
Model 3 0.83 1.78 0.10 1.73 0.88 2.20 0.11 1.81
Model 4 0.86 2.12 0.11 2.06 0.91 2.97 0.11 2.44
Model 5 0.83 1.85 0.10 1.80 0.87 2.11 0.11 1.74
Model 6 0.85 2.07 0.11 2.01 0.89 2.53 0.11 2.08

) Mean of genetic gain(cm2) for 10 yrs; @ Relative efficient for genetic gain on it of Model 1.

Table 6. Means(Gain), empirical standard deviations(ESD), determinants(R?), and relative
efficiencies(RE) of expected genetic gain by year for fat thickness according to
phenotypic and BLUP selection in simulation (10 replicates)

Phenotypic Selection BLUP Selection

R’ OGain  ESD ®RE R’ DGain  ESD “RE
Model 1 0.74 —0.49 0.03 1.00 0.88 —0.64 0.03 1.00
Model 2 0.82 —0.59 0.04 1.19 0.91 -1.17 0.04 1.83
Model 3 0.81 —-1.22 0.07 247 0.85 -1.29 0.07 2.01
Model 4 0.84 —1.29 0.07 2.60 0.88 —1.41 0.07 2.20
Model 5 0.72 —0.88 0.07 1.79 0.75 —-0.98 0.07 1.53
Model 6 0.74 —0.89 0.07 1.81 0.81 —1.10 0.07 1.72

) Mean of genetic gain(mm) for 10 yrs; @ Relative efficient for genetic gain on it of Model 1.
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Table 7. Means(Gain), empirical standard deviations(ESD), determinants(R®), and relative
efficiencies(RE) of expected genetic gain by year for marbling score according to
phenotypic and BLUP selection in simulation (10 replicates)

Phenotypic Selection

BLUP Selection

R’ YGain ESD @RE R’ YGain ESD @®RE
Model 1 0.72 0.23 0.02 1.00 0.78 0.37 0.02 1.00
Model 2 0.82 0.39 0.02 1.73 0.84 0.46 0.02 126
Model 3 0.70 0.42 0.04 1.84 0.72 0.50 0.04 1.36
Model 4 0.74 0.55 0.04 2.42 0.76 0.61 0.04 1.66
Model 5 0.50 0.26 0.04 1.15 0.58 0.39 0.04 1.07
Model 6 0.58 0.39 0.04 1.72 0.61 0.43 0.04 1.18

' Mean of genetic gain(point) for 10 yrs; @ Relative efficient for genetic gain on it of Model 1.
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