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INTRODUCTION 
Animal breeders and quantitative geneticists have been using Monte Carlo (stochastic) 
simulation methods for decades. However, the choice of level of stochasticity has been 
different for these two groups of studies. In an overwhelming majority of the animal breeding 
studies an individual’s breeding value has been chosen for the fundamental level of 
stochasticity, while in quantitative genetic studies simulation of alleles in a locus has been 
more prevalent. 
 
In animal breeding simulation studies population size is usually large and up to tens of 
thousands of animals are simulated. For example Fikse and Banos (2001) simulated 36000 
cows and 300 young bulls in the base population in each of three populations and maintained 
the population size for 10 generations. In quantitative genetic studies population size is 
typically smaller. Pong-Wong et al. (1999) simulated only 40 animals per sex in the base 
population and reduced number of breeding individuals to 20 females and 5 males in 
generations one to five. In an unusually large study for a quantitative genetic study Du and 
Hoeschele (2000) had only a maximum of 12300 animals in the pedigree. Population structure 
is also much more complicated in animal breeding studies with the inclusion of contemporary 
groups and so on. 
 
On the other hand, level of complexity of simulated animals’ genetic structure is more 
sophisticated in quantitative genetic studies. While a simple draw from a pseudo-random 
normal deviate is what is predominantly used in animal breeding studies for generating 
breeding values (the so-called infinitesimal model), quantitative genetic simulation studies 
implement a varying degree of complexity for the same purpose (different variants of the so 
called finite locus model). Level of complexity, however, seems to be very much dependent on 
the power of available computers. Bulmer (1976), in one of the earlier studies of this sort, used 
only 12 loci, either as if they were located on 12 different chromosomes or grouped into 3 
chromosomes. Since Bulmer’s (1976) simulation studies, number of loci employed has 
gradually increased to 30 (Sørensen and Hill, 1983), 40 (Mueller and James, 1983), 1000 
(Verrier et al., 1989), and 1600 (de Boer and van Arendonk, 1992; de Boer and Hoeschele, 
1993). Jorjani et al. (1997) in an examination of two infinitesimality criteria defined by Crow 
and Kimura (1970) and Bulmer (1971) simulated up to 3000 loci in populations of up to 400 
mating pairs. In recent years (see for example Fuerst et al., 1997 and Du and Hoschele, 2000) 
grouping of loci in more complex patterns, for example to generate epistasis, has received 
more attention than before. 
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Engaging in details of the discussions on advantages of each of these models is beyond the 
scope of this paper, however, it suffices to say that with the recent progresses made in the field 
of molecular genetic there is nowadays a wealth of information on individual markers, QTL’s, 
and loci available and it may be necessary to use a mixture of these models in future. The 
purpose of the present study is to examine these models in the context of international genetic 
evaluations of dairy cattle. 
 
MATERIAL AND METHODS 
Two simulation strategies were adopted to simulate national genetic evaluation systems of 
dairy cattle for six countries.  
 
The infinitesimal model (TIM). The first simulation model was a conventional model used in 
the majority of animal breeding simulation studies, namely the infinitesimal model (TIM). In 
this model (among others see Schaeffer, 1999) breeding value of each individual, ai, in the 
base population, i.e. generation 0, was simulated as: ai ~ N (0, Iσa

2), where σa
2 is the additive 

genetic variance in the base population. In later generations each individual’s breeding value 
was simulated as: ai= ½ as + ½ ad + mi, where as and ad refer to the sire’s and dam’s breeding 
values, respectively, and mi, the Mendelian sampling effect, was simulated as mi ~ N (0, (0.5 * 
(1 - ½ Fs - ½ Fd) σa

2)), Fs and Fd being sire’s and dam’s inbreeding coefficients. Female 
animals were randomly assigned to 500 herds in each country.  Fixed effects of country and 
herd and a random normal (environmental) deviate were added to generate phenotype for 
female animals. 
 
Finite locus model (FLM). The second simulation model was a model based on simulation of 
a large number of unlinked loci, as if each locus is located on a separate chromosome with 
independent assortment for all chromosomes (and consequently all loci). In the present study, 
to mimic the situation in TIM, dominance and epistasis were ignored. Theoretically, number of 
loci needed to simulate a situation equivalent to TIM depends on the interpretations of the 
infinitesimality criteria (Crow and Kimura, 1970; Bulmer, 1971; for a discussion see Jorjani et 
al., 1997) and the normality criteria. In the present study, based on the discussions presented in 
Jorjani et al. (1997) and computational convenience, 2880 loci, each with two alleles and an 
allele frequency of 0.5 in the base population were simulated. All loci had an equal effect. The 
arbitrary additive value (Falconer and Mackay, 1996) assigned to the favorable homozygote 
was different for different countries to give different variance in each country.  
 
Population structure. Two sets of population structures, crudely representing world dairy 
cattle populations, were simulated. In the first set (Table 1) a mixture of six small and large 
populations (countries) were simulated. In the second set all countries were quite similar to the 
first population (country) in the first set. Females were used only in one generation and 
produced only one daughter (and possibly one son). At each generation all available bulls, 
including proven bulls of the previous generation, were progeny tested and the best bulls were 
selected. In this way a bull could remain in the population for several generations.  
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Table 1. Population structure parameters of the simulated populations 
 

Country 1 2 3 4 5 6 
Cows 2000 4000 8000 16000 32000 64000 
Young bull 10 40 80 160 320 640 
Proven bulls 10 40 64 80 100 128 
Bull sires 10 20 40 40 80 128 
Young bulls imported 2 4 8 16 32 64 
Milk yield (kg) 5000 6000 7000 8000 9000 10000 
Phenotypic SD 750 900 1050 1200 1350 1500 
Heritability 0.15 0.20 0.25 0.30 0.35 0.40 

 
At the start of the second generation a number of best bulls from a randomly chosen country 
were imported. In order to generate a genetic correlation structure among countries for FLM a 
fraction of all alleles of the imported bull were re-sampled at the time of importation. The 
fraction of re-sampled alleles was equivalent to (1-rg).  
 
Statistical analysis. Data from simulations were treated as any other data submitted to the 
Interbull Centre and genetic correlations among countries were estimated by MACE 
methodology (Schaeffer, 1994).  
 
RESULTS AND DISCUSSION 
Number of bulls with breeding values (proofs) within and among countries is shown in Table 2 
for a structure equivalent to Table 1. These numbers correspond quite well with actual number 
of common bulls in breeds of comparable size (AYS and BSW). 
 
Table 2. Number of bulls per country (diagonals) and common bulls among countries 
(upper diagonals) 
 

Country 1 2 3 4 5 6 
1 110 12 18 19 20 26 
2  440 39 49 51 80 
3   864 83 102 174 
4    1680 186 289 
5     3300 563 
6      6528 

 
Comparison of the two models indicates that there is very little difference between the results 
as far as structure of the simulated populations, breeding values or results of progeny testings 
are concerned.  The major difference between the two models lies in the computational 
demand of dealing with large number of loci such as sampling of alleles, calculation of allele 
frequencies, estimation of breeding values for individual genotypes at each locus and so on. 
However, with the rapid increase of computer power during recent years the time and 
computer resources needed for large scale implementation of simulation studies with finite 
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locus model are of diminishing importance. The fact that an increasing number of authors used 
an ever increasing number of loci in their studies is an evidence to this claim. 
 
Traditionally there has been some understandable resistances to the variant of finite locus 
model used in the present study, because with a large number of unlinked loci the results are 
actually expected not to differ from a simple infinitesimal simulation. Therefore, the question 
has been raised why should one choose a challenging programming task, a more 
computationally demanding process to get the same result. The answer to this question is the 
greater potential that different variants of finite locus model provide for more sophisticated 
models in the future. Examples of areas that further development can be achieved are easier 
handling of dominance, easier incorporation of epistasis, and more importantly, the possibility 
of incorporating information on single major genes, markers and QTL’s in simulations. 
 
CONCLUSION 
Simple variants of the finite locus model offer no advantage over the conventional 
infinitesimal model simulations. However, finite locus model simulations offer greater hope 
for future. 
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