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INTRODUCTION 
Dressing percentage (DP) is a major production trait in beef cattle. It is related to feed 
efficiency and consequently to productivity, both on the farm and the slaughter industry. 
Despite the importance of DP, many breeding programs do not include this trait in the breeding 
program, due it’s post mortem expression in life and it’s low-median correlation with indirect 
measures such as visual score, or in vivo ultra-sonography. In recent years several experiments 
have been conducted to detect Quantitative Trait Loci (QTL) to be used in Marker Assisted 
Selection (MAS) aimed at improving the accuracy of selection of young ages, heifers or 
embryos. MAS can increase genetic response, in particular for low heritable, sex limited, late 
or post mortem measurable traits. The aim of this study was to quantify the expected genetic 
response to MAS at embryo stage, using Dressing Percentage in Nellore cattle as a model. The 

effect of σa
2  proportion explained by the QTLs and embryo pre-selection were studied.  

 
METHODS 
Genetic and Population Model. MAS applied to a MOET-IVF closed nucleus to improve DP 
in Nellore cattle was simulated deterministically with discrete generations, two-stage selection 
(with or without embryo pre-selection) and the use of QTL for dressing percentage (QTLDP). 
The QTLs explained 0.0 - 0.95 of the additive genetic variance (σa

2). Phenotypes were the sum 
of genotypes and environmental values, pi = gi + ei, and both gi and ei were assumed to be 
independent and normally distributed. DP was the only trait included in the breeding goal and 
the selection index included information on DP, post-weaning growth (PWG), visual score to 
muscle development (MD), fat coverage (FC) and QTLDP. Estimated breeding values (EBV) 
for DP were based on an animal own performance and sib information (full/half sibs) for PWG, 
MD and FC and QTLDP, and on full pedigree information. In the basic scheme, 30 sires and 
120 dams were selected each generation at two years of age out of the 4,800 offspring 
produced (40 embryos/cow/year). This equates to 1.25% for males and 5.0% for females. 
Three alternative schemes were evaluated (A1-2-3). In A1, sires and dams were selected at 2 
years of age using all available information including QTLDP that explained 0.0 (basic 
scheme) through 0.95σa

2. In A2 and A3 alternatives two stages of selection were evaluated. 
Embryos were selected based on QTLDP and pedigree information and in a second stage of 
selection on all available information (i.e. the same information as in A1) at 2 years of age. In 
A2, QTLDP explained .1, .3 or .5σa

2, and the pre-selection ranged from 0 -100%. In A3, 
QTLDP explained a proportion of the additive genetic variance ranging from 0.02 to 0.95σa

2 

and the pre-selected proportion was fixed at 32.5%.  
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Prediction of the Rate of Genetic Gain. Rates of genetic gain were predicted 
deterministically, using the computer program SELACTION (Rutten and Bijma, 2000) that 
combines phenotypic information of the current generation to EBV of the parental generation 
using an animal model to obtain an BLUP-EBV for the selection candidate. No reduction in 
QTLDP variance due to selection was considered, except that resulting from the proportional 
reduction in DP genetic variance. This supposition is realistic for a large number of identified 
markers (Spelman, 1998). Genetic and phenotypic parameters for DP, PWG, MD and FC were 
obtained from the literature (Vellosco et al., 1994 ; Reyes et al., 1995 ; Wheeler et al., 1996 ; 
Eler et al., 1996). It was assumed that h  = 1, QTL effect was measured on the same scale 

as DP, so  E(DP|QTLDP) = QTLDP. Therefore, if QTLDP explained a proportion ρ

2
QTLDP

2 of σa
2, 

then the genetic correlation between DP and QTLDP equalled ρ. The correlation between 
QTLDP and the phenotype for DP equalled ρhDP. The genetic correlation between QTLDP and 
PWG equalled ρrg, where rg is the genetic correlation between DP and PWG, and the 
phenotypic correlation between PWG and QTLDP equalled ρrghpwg, where hPWG is the square 
root of the heritability for PWG. 
 
RESULTS AND DISCUSSION 
A1, MAS with single-stage selection. The reduction in genetic variance due to selection 
increased with the proportion of σ2

a explained by the QTL (Table1). Without MAS the σ2
a 

decreased by 16% and 44% when QTLDPs explained 0 or 95% of the σ2
a, respectively. The 

use of QTL, therefore, increased the σ2
a reduction due to selection, which reduce the benefit of 

including MAS. In spite of the decreased variance, genetic response increased with the 
proportion of σ2

a explained by QTLDPs. Genetic gain in DP for the basic scheme was 0.995% 
per generation. MAS increased the response to 1.009% for a QTLDP explaining 0.02 σa

2 
(1.43% higher than without MAS) up to 1.719% for a QTLDP explaining 0.95σ2

a (72.77% 
higher than without MAS). In contrast, the variance in DP decreased from 0.922 to 0.606 
percent2, while Index Accuracy increased from 0.456 to 0.954. Genetic superiority of MAS 
over the basic scheme with QTLDP explaining 0.05 and 0.1 σa

2 were 3.62% and 7.48%, 
respectively. Results are similar to those obtained in other studies (Meuwissen and van 
Arendonk, 1992 ; Meuwissen and Goddard, 1996 ; Spelman, 1998). 
 
A2, Two–Stage MAS and Changes in Embryo Pre-Selection Rates. Genetic gains of 
embryo MAS based on QTL and pedigree information were lower than that achieved with 
MAS and single-stage selection. This effect is due the loss of selection intensity at 2 years old 
(when more information is available). Results show that it is possible to obtain responses 
higher than 97% of the response obtained with single-stage MAS, when using first stage 
selected proportions of 0.5, 0.2 and 0.1 for QTLDP substitution effects of 0.1, 0.3 and 0.5 σ2

a, 
respectively.  
 
A3, Two-Stage MAS and Changes in QTLDP Effect. Results for A3 are presented on Table 
2. For all QTLDP effects, 40 embryos were produced and 13 transferred (32.5% embryos 
transferred, except for the basic scheme without pre-selection and QTL effect = O). The 
genetic gain for the basic scheme was .995% (or 100%). For small QTLDP, gains with pre-
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selection were lower than for the basic scheme, but were higher when QTLDP effects were 
larger than 0.2 σ2

a. This was the result of reduced accuracy due to embryo pre-selection, which 
was counteracted by the proportion of variance explained by the QTLDP. The situation with 
QTLDP effect identified as 0x in Table 2 refer to the situation in which 13 embryos were 
produced and transferred (no MAS pre-selection). The production of 3 times more embryos, 
i.e. 40 instead of 13 embryos (0x vs. basic squeme) increased genetic gain by approximately 
22.9%, due to increased selection intensity. Even using MAS with QTL effects explaining .02 
and .05σ2

a, there was a better response than that obtained when only 13 embryos produced, 
9.0% and 12.6% greater, respectively. In these situations the greater selection intensity 
compensates the pre-selection loses.  
 
Table 1. Total Response in dressing percentage (TotResp), Total Response % in relation 
to basic squeme (Resp%), Response for Dams (RespDam) and Sires (RespSire), Breeding 
Goal Variance (BredGoalVar) and Index Accuracy (IndexAcur) after MAS at 2 Years for 
DP with QTLDP Substitution Effect in Addictive Genetic Variance. 
 
QTLeffect TotResp TotResp% RespDam RespSire IndexAcur BreedGoalVar 

0.00 0.995 100.00% 0.446 0.549 0.456 0.9216 
0.01 1.002 100.70% 0.449 0.553 0.46 0.9194 
0.02 1.009 101.43% 0.452 0.557 0.463 0.9171 
0.05 1.031 103.62% 0.461 0.570 0.474 0.9102 
0.10 1.070 107.48% 0.477 0.593 0.493 0.8983 
0.30 1.221 122.72% 0.543 0.678 0.575 0.8450 
0.50 1.371 137.76% 0.609 0.762 0.668 0.7838 
0.70 1.515 152.22% 0.674 0.840 0.776 0.7135 
0.95 1.719 172.77% 0.765 0.954 0.954 0.6064 
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Figure 1. Total response in dressing percentage (Response %), total response relative to 
single stage selection after two-stage MAS, at embryo stage (embryo selection rate 
ranging from 0.0125 to 1) and at 2 years old for DP with QTLDP substitution Effect 
ranging .1, .3, and .5σ2

a. 
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Table 2. QTLDP substitution Effect in σ2
a, DP Total Response in %, Total Response 

relative to basic squeme (%), Response for Dams and Sires (%), Breeding Goal Variance 
%2 (BredGoalVar) and Index Accuracy (IndexAcur) after two-stage MAS (at embryo 
stage and 2 years for DP. 
 
QTLDP TotResp Resp (%) RespDam RespSire IndexAcur BreedGoalVar 

0x 0.810 81% 0.337 0.472 0.460 0.926 
0 0.995 100% 0.446 0.549 0.456 0.922 

0.01 0.856 86% 0.365 0.491 0.460 0.919 
0.02 0.883 89% 0.378 0.504 0.463 0.917 
0.05 0.939 94% 0.406 0.533 0.475 0.910 
0.10 1.007 101% 0.439 0.568 0.494 0.898 
0.30 1.205 121% 0.534 0.671 0.577 0.844 
0.50 1.362 137% 0.607 0.755 0.669 0.783 
0.70 1.514 152% 0.674 0.840 0.778 0.712 
0.95 1.716 172% 0.764 0.951 0.954 0.607 

 
CONCLUSIONS AND IMPLICATIONS 
The results obtained in this study suggest that MAS can be applied to preselected embryos 
wich are to be transferred to recipient cows. Satisfactory response can be achieved transferring 
only 10 to 50% of the collected embryos, when QTLs explain .5 or .1σ2

a, respectively. Most of 
the cost in a MOET nucleus breeding program is due to recipient maintenance and feeding of 
growing animals until the age of selection, embryo pre-selection using MAS can substantially 
improve genetic response, even with markers explaining a small proportion of the σ2

a. 
Improvement of reproductive techniques, such as ET, FIV, and cryo-preservation have allowed 
increased numbers of embryos to be produced per cow. MAS embryo preselection can be used 
to either increase genetic response or to reduce costs of the breeding program. Other simulation 
situations could be performed to evaluate the effect of MAS on economic gain, endogamy and 
long term response considering number of QTLs, poligenic residue, bracket size, number of 
producted embryos, selection intensity at embryo stage, and costs in local conditions. 
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