
7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France 

EVALUATION OF SELECTION METHODS IN POPULATIONS WITH DIFFERENT 
GENE ADDITIVE EFFECTS 

 
 

F. J. de Carvalho Corrêa, R. F. Euclydes, P. S. Lopes, R. de Almeida Torres, J. M. 
Carneiro Júnior, R. de Almeida Torres Filho and G. M. Lessa de Assis 

 
Departamento de Zootecnia – Universidade Federal de Viçosa, CEP 36570-000 – Viçosa, MG  

Brazil 
 

INTRODUCTION 
As the objective of the animal improvement is to increase the frequency of desirable alleles 
related with important economic traits, the best animals are selected to transmit those alleles to 
the future generations. Thus, selection is the main tool for researchers to reach this objective. 
Several selection methods were proposed; as the individual selection and selection based on the 
best linear unbiased prediction (BLUP). In the individual selection, animals are selected based 
on its phenotypic values. Quinton et al. (1992), in a study with a constant low inbreeding rate, 
showed that individual selection presented the best response when compared with the other 
studied selection methods. In the selection based on BLUP, the genetic values of the animals 
are predicted. BLUP can evaluate animals without observation, with missing data or with 
observation only in some characteristics, by mixed models. The selection of animals using their 
genetic values, obtained by mixed models, would be the more efficient selection method, since 
the relationship among individuals are considered using the numerators of the relationship 
coefficients matrix (Torres 1998). 
However, progresses observed in the biotechnology have been suggesting new selection 
methodologies (Euclydes and Guimarães 1997), seeking select the future parents directly by 
evaluation of their genome. The marker assisted selection and the candidate genes selection are 
the more used methods. The marker assisted selection is based on selection or exclusion of 
animals, that present or not, respectively, a certain mark (chromosome area), previously known 
and associated with desirable alleles of important economic traits. According to Zhang and 
Smith (1992), the response to marker assisted selection is better than the BLUP’s response 
when the selection of marker was combined with phenotypic information. The candidate gene 
selection is a refinement of marker assisted selection (Muir 1997). In the candidate gene 
selection the marks used are already the alleles of a certain known gene and associated to 
important economic traits. 
The objective of this work was to verify the response of the methods: individual selection 
(IND), based on BLUP (BLUP), marker assisted selection (MAS) and candidate gene selection 
(CGS), in simulated populations with different additive effect of genes. 
 
MATERIAL AND METHODS 
The data used in this work were simulated with the computation system GENESYS 2000, 
updated version of GENESYS 1996, developed by Euclydes (1996). The new system is 
constituted of 11 programs, in compiler FORTRAN and allows the genomes simulation for 
studies of selection methods, assumption tests, evaluation of new selection methodologies, etc, 
without the high animals and laboratories costs. 
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A constituted genome of a quantitative trait of low heritability (0,10) and governed by 200 loci 
was simulated. The simulated genome presented the following characteristics: 15 pair of 
chromosomes with random sizes; 200 centimorgans of total length; ten molecular markers; the 
additive effects of the quantitative loci were simulated according to the normal distribution; 
there were no epistasis among quantitative loci and no dominance deviations within locus; 
there were no sexual chromosome and the initial gene frequencies were the same in both sexes; 
mathematical distribution used for initial frequencies simulation of the quantitative loci in 
populations was uniform; fixed effect of year was constituted by 10 levels or classes; the 
uncontrolled environment effects were simulated under normality and two alleles for locus 
were simulated.  
Six base-populations with 500 males and 500 females were created, starting from the same 
genome, with alterations in the values of the additive effects (all additive effects were 
simulated randomly in the interval from -1,258 to 1,258; and 10 genes with additive effects 
were fixed in the values -5 and 5 and the others simulated randomly between -1,258 and 1,258) 
of the genes situated near the markers, and in the transformation of the markers in candidate 
genes (the marks were the genes). For each base-population, an initial population was built 
being chosen randomly, 10 males, 10 females/males and 5 progenies/females, resulting in 
populations of 500 animals. 
From the initial populations, the process of genetic animals evaluation started, being selected 
10 males and 100 females. This process extended along 20 generations and were made 20 
repetitions to reduce the effect of the genetic drift. For comparison of the selection methods, 
the parameter utilized was the medium phenotypic value of the population. 
 
RESULTS AND DISCUSSION 
The results of phenotypic responses of individual selection, BLUP, marker assisted selection 
and candidate genes selection, are presented in Figure 1 (A and B). 
For the two groups of additive effects genes, BLUP presented the largest phenotypic values at 
the end of the 20 simulated generations. Individual selection showed the second best response, 
followed by candidate genes selection and marker assisted selection. 
In Figure 1 (A), it was observed that MAS presented the smallest phenotypic values in 
comparison to the other selection methods, when the values of the additive effects of the genes 
were randomly simulated (all the genes with small additive effects). This fact is due the small 
expression of marked genes associated with the trait and/or the great distance between the mark 
and the gene, allowing the "crossing-over" occurrence and, consequently, the equilibrium 
linkage. 
In CGS, the selection is the own gene (there is no occurrence of "crossing-over"). However, the 
increment in the response was larger only to MAS, showing that randomly simulated values of 
the additive effects (all the genes with small effects) are not detected by CGS method. 
Figure 1 (B) showed the additive effect values of ten genes fixed in the values -5 and 5 and the 
others randomly simulated. MAS, in this case, was better than BLUP until the fifth generation, 
and better than IND until the ninth generation, where it was stabilized. The presence of great 
additive effect genes was the reason of this improvement. CGS was the best method until the 
seventh generation, even though it was stabilized in the fifth generation. 
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Probably, the precocious stabilization of the phenotypic values, produced by marker assisted 
selection and candidate genes selection, is consequence of: an accentuated homozygous 
percentage, alleles fixation and, in the case of marker assisted selection, also for the 
equilibrium among the loci. Similar results were obtained by Euclydes (1996). 
It can be observed that as the values of the additive effects of the genes increase, the response 
of MAS and CGS improves, being better than the individual selection and BLUP, in the initial 
generations. However, MAS was not similar to CGS, due to: 1) possibility to happen "crossing-
over" in MAS, consequence of the distance between the mark and the gene; 2) the marker or 
QTL can be in homozygous in the population and 3) the selected gene is not associated with 
the trait (Smith and Simpson 1986). 

 

 
Figure 1. Phenotypic values of the populations submitted to the selection methods, based 
on markers (MAS), individual (IND), BLUP and candidate genes (CGS) for generation, 
for (A) all the genes with values of the effects additive randomly simulated, (B) 10 genes 
with values of the additive effects fixed in the values -5 and 5 and the others randomly 
simulated 
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CONCLUSION 
BLUP and the individual selection are better than marked assisted selection and candidate gene 
selection, during the 20 generations. However, when the additive effect of the genes increase, 
the molecular selection methods are the best option in short-term selection. 
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