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INTRODUCTION 
Molecular markers linked to quantitative trait loci (QTL), and in some cases direct tests for 
economically important genes with known patterns of expression, are becoming more available 
in livestock species. Deterministic methods have been used to optimise selection over multiple 
generations using information on either one or two identified QTL in addition to the polygenic 
variation (Dekkers, 1999 ; Li et al., 2001). These studies investigated the selection of a single 
cohort of animals from each QTL genotype followed by random mating of all selected cohorts 
each generation. Additional gain may be possible with a mate selection approach, designed to 
exploit non-random mating (cf. assortative mating). For example, Manfredi et al. (1998) 
allowed some mate selection by considering five classes of animals, in addition to the QTL 
genotypes, but restricted the pattern of mate selections by specifying the mating structure 
between the animal classes. 
Our aim in this paper is to describe a general deterministic mate selection method to exploit 
QTL and other key breeding issues in an integrated framework. In order to exploit assortative 
mating, maternal effects and other interactions between mates in future generations, we 
consider mate selection among the descendants as well as the current generation. This approach 
is termed look ahead mate selection (LAMS). The other attractive feature of our method is that 
rather than considering individual animals, animals with similar selection histories and genetic 
attributes are treated as a group. This considerably reduces computational requirements. The 
expectation is that using a deterministic approach, large populations or complete livestock 
industries could be modelled, and in doing so the potential of group LAMS to optimise 
industry use of molecular marker information could be realised. 
 
CURRENT DETERMINISTIC APPROACHES TO EXPLOITING QTL 
Consider a single identified locus with alleles Q and q. Deterministic approaches (Dekkers and 
van Arendonk, 1998 ; Dekkers, 1999) proceed by determining each generation a fixed 
proportion (a single cohort) of the best animals from each of the three genotypes (QQ, Qq, qq) 
using their normal distributions of estimated polygenic breeding values in such a manner that 
the objective function (e.g. cumulative discounted genetic gain) is optimised over the breeding 
horizon. It is assumed that the selected cohorts are randomly mated each generation. This 
approach has been extended to two QTL (Li et al., 2001). Optimal control theory was used by 
Dekkers et al. (1998), while Li et al. (2001) showed the advantage of evolutionary algorithms 
(EA) in handling the complexity of situations involving QTL interactions. 
This deterministic approach has two limitations. Firstly it assumes that each generation the 
three selected cohorts of animals (one from each QTL genotype) are randomly mated. 
Secondly it does not allow the possibility of choosing more than one cohort of each sex from 
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each genotype. For example, it may be desired to select two cohorts of QQ sires and QQ dams, 
and then mate the best QQ sires to the best QQ dams, followed by mating the next best cohort 
of QQ sires and dams. Allowing for the selection of multiple cohorts per genotype is a 
necessary requirement of a group mate selection approach as it allows for the possibility of 
assortative mating, and other types of non-random mating, between selected cohorts. 
Shepherd and Kinghorn (2001) suggested a deterministic method which allowed for the 
selection of more than one cohort per genotype and then followed the progress of mate 
selecting cohorts across generations. However the difficulty with their approach was that the 
number of possible genetic groups grows exponentially across generations when additive 
polygenic variation (i.e. a normal curve) was allowed for in each cohort and account was taken 
of the accumulation over generations of additive genetic variation due to selection. This is 
because each mating between a pair of selected cohorts produces the possibility of up to three 
progeny genotype groups (for a biallelic QTL) with different mean breeding values, each of 
which can produce more than one selected parental cohort for breeding the next generation.  
An alternative approach is to limit the number of possible genetic groups which can arise each 
generation. Selection of multiple cohorts from a genetic group is allowed, but the genetic 
groups from which these cohorts are selected is not specified a priori. As mating selected 
parental cohorts will often result in a number of progeny genetic groups of different QTL 
genotypes, it is necessary to define a genetic group as consisting of all the possible QTL 
genotypes. 
 
DETERMINISTIC GROUP LAMS WITH A FIXED NUMBER OF GENETIC GROUPS 
Figure 1 shows a diagrammatic representation of a deterministic group LAMS approach when 
only two genetic groups are allowed each generation. Each genetic group consists of all the 
possible QTL genotypes. When the first cohort is selected from a parental genetic group, it will 
consist of a proportion of the best animals from each QTL genotype in that parental genetic 
group. If another cohort is selected from that parental genetic group to breed a different 
progeny genetic group, it will consist of a proportion of the next best animals from each QTL 
genotype in that parental genetic group. This approach will ensure that mating selected parental 
cohorts will only ever result in one progeny genetic group which will be a mixture of all the 
possible QTL genotypes. Also this approach allows the selection of more than one cohort from 
a genetic group. The problem is to determine the optimum proportions to be selected from each 
QTL genotype in each genetic group.  
An EA could be used to determine the optimum proportions, in a similar manner to that used 
by Li et al. (2001). The first step in the EA is to define the genetic representation of a feasible 
solution (mating set). In table 1, an EA ‘chromosome’ is shown, which represents the proposed 
mating structure in figure 1. The chromosome would be read sequentially starting with the first 
generation. Hence in table 1 a cohort of the best sires and dams of genetic group 1 are used to 
breed genetic group 2. The proportion of QQ, Qq and qq males selected as sires is 0.015, 0.01 
and 0.005 respectively. The proportion of QQ, Qq and qq females selected as dams is 0.03, 
0.02 and 0.01 respectively. It is assumed that these sires and dams are randomly mated to breed 
genetic group 2. To breed genetic group 3 a cohort of the next best sires and dams from genetic 
group 1 are selected according to the specified proportions and randomly mated. And so on 
until all genetic groups have been determined.  
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Figure 1. Deterministic group LAMS with two genetic groups per generation 
 
To optimise these proportions and the genetic groups used for creating cohorts, one starts with 
a population of EA chromosomes, and evolves new populations of the valid chromosomes 
using survival/selection based on the objective function and genetic operators (e.g. 
recombination, mutation), all in a probabilistic framework. Rules and procedures for handling 
constraints would be considerable. Differential evolution (Shepherd and Kinghorn, 2001) has 
been found to be a suitable EA for mate selection. 
 
Table 1. Genetic representation (or chromosome) of the LAMS mating set in figure 1 
 

 
Proportion of parental QTL genotypes selected in 

Parental genetic 
group used to 

select cohort of   Sire cohort Dam cohort 

Progeny 
genetic 
group 

Sires Dams QQ Qq qq QQ Qq qq 
2 1 1 .015 .01 .005 .03 .02 .01 
3 1 1 .12 .08 .02 .24 .16 .04 
4 2 2 .06 .04 .005 .12 .08 .01 
5 2 3 .1 .06 0 .05 .03 0 
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CONCLUSION 
The deterministic group LAMS approach outlined will be useful for evaluating breeding 
programs for large populations or whole industries, to optimise use of molecular marker 
information. Conceptually the method can be extended in a straightforward manner to handle 
multiple QTL and varying patterns of QTL expression. However the complexity and amount of 
computation will increase greatly but should not be too problematic for an EA. Increasing the 
number of genetic groups per generation will allow more opportunity for genetic progress due 
to the increased use of mate selection, probably mainly due to the use of group assortative 
mating (e.g. Hayes et al., 2001). It is interesting to contemplate modifications to this 
deterministic LAMS approach in order to optimise open nucleus breeding schemes and other 
livestock breeding schemes. When individual animal information is known along with other 
prevailing resources and logistical constraints, Shepherd and Kinghorn (2001) suggest using a 
stochastic individual LAMS approach which involves stochastic sampling from realised QTL 
groups. Stochastic individual LAMS can allow variation in future response to be taken into 
account. 
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