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INTRODUCTION 
The discovery of several genes with large effect in livestock has prompted the interest of using 
them to improve response to selection. Several studies have shown that the use of genotype 
information of a known QTL would substantially increase the short term genetic gain (e.g. 
Larzul et al., 1997 ; Pong-Wong and Woolliams, 1998). This beneficial effect of using 
genotype information has also been observed when optimising the contributions of candidates 
to maximise genetic gain and restricting the rate of inbreeding (Villanueva et al., 1999). A long 
term negative effect has also been reported (Gibson, 1994), but can be avoided sometimes 
(Dekkers and Van Arendonk, 1998 ; Villanueva et al., 1999). 
 
When only genotypes for linked markers are known, they can be used in genetic evaluation, 
provided the QTL position and variance are known (Fernando and Grossman, 1989). Several 
studies have shown a beneficial effect in the selection response when using marker genotypes 
(Meuwissen and Goddard, 1996 ; Ruane and Colleau, 1995,1996 ; Spelman, 1998 ; Spelman 
and Bovenhuis, 1998). However, comparisons between selection using linked markers or the 
QTL itself have been limited. If the purpose of using markers is to indirectly account for the 
QTL, one may expect that in the ideal situation, the benefit from using markers would have the 
same upper limit as with selection directly using QTL genotype. Hence, the efficiency of using 
markers should be assessed relative to both selection using QTL genotypes and selection 
completely ignoring genotype. 
 
In this paper, the short term benefit of using markers to indirectly account for the QTL in 
selection schemes optimising the contribution of candidates was studied using stochastic 
simulations. The results were compared to the cases when evaluation is done using the 
genotype of the QTL itself or completely ignoring any genotype information. The effect of 
including prior estimates about QTL genotype effects on candidates was also studied. 
 
METHODS 
A quantitative trait was assumed to be genetically controlled by a polygenic effect and the 
major effect of one QTL plus an environmental effect. The QTL was assumed to have an 
additive effect, and it was flanked by two polymorphic (6 alleles/locus) markers at a distance d 
(distance between markers = 2d). A base generation (g0) of 60 males and 60 females was 
simulated. Family structure in the base population was simulated by including a previous 
generation (g-1) where parents were selected at random. After the base generation, selection and 
contributions of parents were optimised to maximise total genetic gain while restricting the 
inbreeding rate per generation to 5% (Villanueva et al., 1999). Generations were discrete and 
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of constant size (60 males and 60 females). In the base generation, the polygenic (σa
2) and 

environmental (σe
2) variances were 0.2 and 0.8, respectively. The genetic variance due to the 

QTL was 0.5 σp
2 (σp

2 = σa
2 + σe

2) and the initial frequency of the favourable allele was set to 
0.15. 
 
Four different schemes were considered varying on how breeding values were estimated : (i) 
phenotypic selection (PHE), gene assisted selection (GAS), (iii) marker assisted selection 
(MAS) and (iv) marker assisted selection with priors (MASp). For PHE scheme, a BLUP 
evaluation was done ignoring genotype information about QTL and markers. For GAS scheme, 
the QTL substitution effect and the individual genotypes were known and used in the BLUP 
evaluation. For MAS scheme, marker information was used in BLUP evaluation, following the 
methodology described by Fernando and Grossman (1989). Evaluation in MASp was as in 
MAS but extra information added in the BLUP. This extra information consisted of prior 
estimates of the QTL effect pertaining to each candidate. They were assumed to be 
independently estimated and known with certain accuracy r. 
  
RESULTS AND DISCUSSION 
Figure 1 shows the cumulated response to selection of GAS and MAS with different values of 
d. Results are expressed as deviations from PHE. By generation 6, the frequency of the 
favourable allele was greater than 0.9 in all scenarios. For the parameters used here, a negative 
effect in the total cumulated gain in the long term was observed, especially for GAS. 
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Figure 1. Extra gain relative to PHE obtained from GAS and MAS with different 
markers bracket sizes 
 
As expected, in the short term, the greatest benefit (defined as the extra total gain relative to 
PHE) was achieved with GAS, followed by the MAS schemes using closer marker bracket. 
However, relative to GAS, the short term benefit of all MAS schemes were disappointingly 
small, even when d = 0.05 cM. The maximum cumulated response of MAS over PHE 
(generation 3) was, at most, half the maximum observed with GAS (generation 2). Increasing 
the number of alleles at marker loci from 6 to 12 did not improve selection response (results 
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not shown). An explanation for the relative low efficiency of MAS may be that the source of 
information used by the method when estimating of the QTL breeding values mainly comes 
from the within family linkage disequilibrium. This information would allow a better 
discrimination among sibs within families, but it would have less impact in the comparison 
among unrelated individuals. In contrast, using the QTL genotypes in GAS, the linkage 
disequilibrium across the population is also utilised during the genetic evaluation. The clear 
superiority in the short term of GAS over MAS observed in this study emphasizes the need for 
finding the actual gene affecting the trait. From the genetic improvement point of view, it may 
still be worthwhile to find the gene even when it has been finely mapped to a few cM. 
Alternatively, a linked marker in complete linkage disequilibrium with the QTL at the 
population level may also be useful. 
 
Within the MAS schemes, substantial benefit was achieved by decreasing the distance of the 
markers and QTL until 1 cM. Spelman and Bovenhuis (1998) suggested that further reducing 
the distance between markers and QTL to less than 5 cM provided little additional benefit to 
make the effort worthwhile. They reported that MAS with markers located at 5 cM away from 
the QTL provided as much as 80% the benefit achieved with markers at 1 cM, compared with 
the results from this study which was between 70-75 %. (figure 1). This slight difference may 
be due to different assumptions. Spelman and Bovenhuis (1998) assumed a multiallelic QTL 
and truncation selection whilst this study assumed a bi-allelic QTL and optimised contributions 
of candidates. Both assumptions have proved to be influential on the potential benefit of using 
DNA information (Spelman, 1998 ; Villanueva et al., 1999) 
 
Figure 2 shows the results of MASp with different accuracies for the prior estimates of the 
QTL effect and d = 10 cM. In overall, the inclusion of the extra information in MASp 
increased the response to selection, especially when accuracy was greater than 0.4. This 
highlights the possible scope to improve the efficiency of the MAS methodology proposed by 
Fernando and Grossman (1989). However, development of the MAS evaluation methods 
would need to accommodate for the type of extra information on the QTL available in practical 
breeding programmes. For instance, studies in QTL mapping in dairy cattle using 
granddaughter design allow the recognition of heterozygous sires and the estimation of their 
allele effect. The exploitation of linkage disequilibrium at population level is another area of 
possible interest. The inclusion of such as information during the evaluation may prove useful 
to increase the efficiency of MAS. Further work is still required to finding the extra 
information on the QTL available in practical breeding programmes which may be used in 
MAS programmes. 
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Figure 2. Extra gain relative to PHE obtained with GAS and MASp with different 
accuracies 
 
CONCLUSIONS 
The results from this study highlight two aspects of using DNA information in genetic 
improvement. Firstly, it recognises the value of finding the gene affecting the trait regardless 
how finely it has been mapped. Secondly, it shows the need of further developments on the 
genetic evaluation methods using marker information to make MAS more efficient. This study 
shows that there is a large potential for improving such methodologies by adding extra 
information about the QTL. 
 
ACKNOWLEDGEMENTS 
This work was funded by BBSRC, PIC, Genus-Holland Genetics and MLC through the LINK 
SLP Program. Roslin Institute and the Scottish Agricultural College also receives support from 
DEFRA and SEERAD, respectively. We thank S. Avendaño and J. Dekkers for discussions. 
 
REFERENCES 
Dekkers, J.C.M. and Van Arendonk, J.A.M. (1998) Genet. Res. Cam. 71 : 257-275, 
Fernando, R.L. and Grossman, M. (1989) Genet. Sel. Evol. 21 : 467-477. 
Gibson, J.P. (1994) Proc. 5th WCGALP 21 :201-204. 
Larzul, C., Manfredi, E., and Elsen, J.M. (1997) Genet. Sel. Evol. 29 : 161-184. 
Meuwissen, T.H.E. and Goddard, M.E. (1996) Genet. Sel. Evol. 28 : 161-176. 
Ruane, J. and Colleau, J.J. (1995) Genet. Res. Camb. 66 : 71-83. 
Spelman, R.J. (1998) Proc. 6th WCGALP 26 : 365-368. 
Spelman, R.J. and Bovenhuis, H. (1998) Genetics. 148 : 1389-1396. 
Villanueva, B., Pong-Wong, R., Grundy, B. and Woolliams, J.A. (1999) Genet. Sel. Evol. 31 : 

115-133. 

Session 22. Exploitation of molecular information in animal breeding Communication N° 22-17 


	INTRODUCTION
	METHODS
	RESULTS AND DISCUSSION
	Figure 2. Extra gain relative to PHE obtained with GAS and MASp with different accuracies
	CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES

