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

ROBUSTNESS OF SELECTION METHODS FOR FUNCTIONAL TRAITS 
 
 

J.J. Colleau 
 

INRA-SGQA, 78352 Jouy-en-Josas Cedex, France 
 
INTRODUCTION 
Traits of economical value can be divided into two groups : the first one pertains to 
productivity traits and the second one pertains to robustness traits (ability to survive, to breed 
and to withstand illness or group management). The later category has been usually referred to 
as “functional traits”. For species such as dairy cattle, these traits are increasingly gaining 
emphasis. The first reason is that exclusively production-oriented systems tend to be deterred 
from due to economical, environmental and social acceptability considerations. The second 
reason is that populations of some countries are now facing some unfavourable genetic trends 
as a consequence of previous selection strategies, overlooking those traits.  
Heritabilities of these traits are generally low and avoiding unfavourable genetic trends is a 
challenging task because they additionally exhibit substantial genetic antagonism with 
production traits. From a theoretical point of view, this can occur only when they benefit from 
a substantial weight in selection procedures. This has been already observed in practice for 
Nordic countries where, for over  20 years, selection has been targeting more balanced or 
“sustainable” genetic gains (Juga et al., 1999 ; Steine and Sehested, 1999 ; Svendsen, 1999). 
Because these traits are quite numerous, complex and of various expressions during lifetime, 
many different operational approaches about how selection can be or should be conducted in 
reality are likely to be implemented, especially as to the underlying theoretical models and the 
complexity of evaluation procedures. It is still premature to claim that some approaches are 
definitely superior to others as far as statistical robustness is concerned. This general term 
pertains to the following essential questions, of practical value :  

- is the expected true profile for the different genetic gains in accordance with 
  the one calculated based on our selection tools such as the available EBVs ? 
- is the expected true profile the best one we could have obtained, based on the same 
  set of candidates for selection and attached informations ? 

However, it would be useful to know whether robustness of selection for functional traits is 
sensitive to operational approaches or not. Investigating about this question requires one to be 
able to give a clear prior definition of what real alternatives exist at major decision steps and to 
assess the corresponding practical genetic impacts either analytically or by simulation if the 
problem is too complex.  
The purpose of this paper is to carry out a survey of some operational questions, which might 
be considered as still open i.e. with unclear answer and then, deserving some investigations. 
This list is probably only partial because the inclusion of functional traits into selection 
programmes definitely raises numerous issues. 
 
DEFINING THE SELECTION OBJECTIVE 
The selection objective in dairy cattle breeding should be defined based on a series of many 
basic facts. However, prominent roles are played first by production traits and second by 
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disposals, subsequently summarized by a single trait : longevity. The relative weight of 
longevity compared to production traits and expressed by genetic standard deviation might be 
as high as 50 % (Visscher et al., 1994 ; Van Raden and Wiggans, 1995 ;. Van der Beek, 1999 ; 
Boettcher and Van Doormal, 1999). Unfortunately, an accurate early genetic evaluation for 
longevity is difficult to obtain on sampling bulls, except for large progeny group sizes. This 
situation can be improved by taking into account some predictors such as type traits or by 
trying to implement an approximate multivariate BLUP. When evaluation of longevity is 
essentially univariate, one can think of an alternative strategy : re-composing the selection 
objective. Basically, longevity exhibits substantial genetic relationships with traits not subject 
to censoring, e.g. somatic cell counts and, perhaps less relevantly, fertility traits ( Rogers et al., 
1996 ; Larroque et al., 1999). In the original objective, these traits are given specific weights 
that do not include their influence on longevity, to avoid double counting (Groen et al., 1997 ; 
Goddard, 1998) Then, a clear alternative would be to modify their weight to capture a part of 
the original economic weight of longevity, proportionally to their genetic regression 
coefficients over longevity. This method presents analogy with the one proposed by Wickham 
(1979) for calculating the weight of ‘unpriced‘ traits. Finally, longevity would be conditioned 
on these traits and would be given a residual weight. This approach was actually followed by 
Colleau and Regaldo (2001), after some adaptation due to the fact that EBVs for residual 
longevity were not available. This resulted in functional longevity, fertility and somatic cell 
count being given approximately the same weight. This approach might be tested by simulation 
under different evaluation contexts and different degrees of accuracy about the genetic 
parameters involved. 
Another issue is whether we should calculate economic weights according to a self-contained 
model or whether it is appropriate to include some observations, such as the real culling 
policies practised by breeders. Research might not be able to give a clear answer to this 
question because possible impacts on genetic gains should be evaluated according to either 
economic function i.e. would raise the very problem under investigation. However, it can be 
argued that even if culling policies were definitely suboptimal, then genetic trends would be 
influential only through their channel : for instance, if breeders were prone to select 
excessively for fertility or type, then  any unfavourable genetic trend for fertility or type would 
have economic consequences more substantial but difficult to deny. In any circumstance, one 
should keep in mind that culling policies actually influence some “genetic” parameters 
concerning longevity, especially genetic correlations with other traits. The reason is that with 
our current methodology, the “true” correlations cannot be distinguished from the correlations 
induced by the average culling policy. 
One can hesitate about the list of available (recorded) traits to be included into the selection 
objective. Reasons are quite numerous and in some cases, the answer might be considered as 
irrelevant to research. Some traits such as calving difficulties and associated mortinatality 
might be excluded from the selection objective to save selection pressure for the other traits, 
when only recommending to avoid the most risky matings. The long term robustness of such 
an approach seems to be the best one (Dekkers, 1994). The economic value of type  traits is 
difficult to establish based on economical considerations, because they can affect not only 
labour times but also adaptation to handling by man, an area hard to quantify. Then, they tend 
to be considered only as predictors used to improve accuracy of evaluations. An alternative 
way of thinking for such traits and for other traits such as health traits (linked to the use of 
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medicines, likely to be increasingly disreputed) would be to modify weights of traits so that 
selection responses for some traits would be as favourable as desired. Testing this procedure by 
research is difficult because this situation only occurs when the original economic model is felt 
to be unsatisfactory because of lacking parameters or biological compartments, i.e. when the 
economic model itself is questionable. However, Olesen et al. (1999) proposed formal 
approaches for addressing this type of issue.  
 
BREEDING VALUE ESTIMATION  
The first series of questions concerns the number of traits we have to evaluate simultaneously. 
Evaluation can range from fully univariate to fully multivariate, with intermediate 
combinations where one or several blocks of traits are evaluated together.  
Suboptimality of the full univariate evaluation is well-known because the optimum weight to 
be given to each trait when calculating the optimum overall evaluation, depends on the 
discrepancy between environmental and genetic dispersion parameters and varies for each 
candidate for selection, according to the amount and design of the attached information. 
Calculating these coefficients would require the same complexity as calculating multivariate 
BLUP itself. Then, the coefficients really used are those of the selection objective. However, 
this approach is simple and free from errors concerning dispersion parameters between traits. 
Furthermore, it is less sensitive to a possibly deficient evaluation model for one or several 
traits. Finally, it can escape the usual assumption of multinormality, considered by certain 
statisticians as “unsound” or “crazy”, even when marginal univariate distributions are Gaussian 
(Lindley, 1995). 
The full multivariate evaluation is desirable, because the weights used in the overall EBV  are 
those of the selection objective ( Henderson, 1993). However, it is difficult to implement for 
four reasons. The first one is clearly the computational burden incurred. The second one is the 
diversity of traits : for instance, longevity given by survival analysis is not similar to a 
Gaussian performance. The third one concerns the number of expressions of traits during 
lifetime. The fourth reason is that a reasonable accuracy is required about numerous 
environmental and genetic parameters, because it has been shown theoretically, that the 
unfavourable effect of using inaccurate parameters may outweigh benefit from multivariate 
analysis (Sales and Hill, 1976). This global approach was proposed by Colleau et al. (1999) 
and then refined by Ducrocq et al. (2001 a, b). It should be pointed out that this approach 
cannot escape the need for only using a selected set of type traits, highly correlated with the 
traits of interest, given that they are generally very numerous. Difficulties 2 and 3 were 
circumvented by introducing pseudo average performances attached to each individual of the 
population treated up to ancestors. Weights of these performances were calculated 
theoretically, based on the corresponding univariate evaluation models. Pseudo-performances 
were calculated so that implementing univariate animal model evaluations based on these 
performances would restore the original univariate EBVs. Finally, the equations of the 
multivariate BLUP were constructed, after taking into account the diversity of weights across 
traits, and solved. 
Partial multivariate evaluations might be implemented, possibly using Ducrocq’s approach for 
smaller sets of variates (e.g. milk yield and fertility ; functional longevity, somatic cell count, 
type traits and fertility), for instance to save computation time or to avoid using some 
parameters not known with sufficient accuracy. An alternative intermediate approach, already 
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implemented in practice is the ‘super-trait’ approach, where a trait of economic value ( such as 
mastitis incidence) is targeted through its direct information and the indirect information given 
by predictor traits (De Jong and Landsbergen, 1999 ; Boettcher et al., 1998). In fact, it is not a 
real partial multivariate approach because weights of EBVs are constant and optimized for the 
average information per candidate. Then, this approach retains  simplicity of the univariate 
approach. “Subindexes” approach (Dekkers and Gibson, 1998) constitutes approximations to 
‘sub selection goal’ where the issues addressed above can be repeated. 
A second list of questions concerns the implications of an increasing complexity of the genetic 
model used for the evaluation of the individual traits. The most likely reason for complexity is 
heterogeneity of genetic parameters across ages. For instance, profiles of reasons for disposals 
are not the same according to ages or genetic correlation coefficients across ages for somatic 
cell counts are not equal to unity. Additionally, the genetic of the analysis of production traits 
is already moving towards more complexity and more parameters, based on models 
considering test-day yields and not lactation yields ( Ptak and Schaeffer, 1993 ; Jamrozik et al., 
1997 ; Jaffrezic and Pletcher, 2000). Such an evolution requires that relevant economic weights 
be given to the new “sub-traits” or alternatively, that original traits could be expressed as linear 
combinations of the ‘sub-traits’. Anyway, the larger  the number of breeding values is, the less 
easy to implement a full or partial multivariate approach for estimating the overall selection 
index will be. 
Another issue is the appropriatedness of univariate evaluation procedures where other traits 
would be accounted for, either as phenotypic covariates or as fixed effects, after defining 
classes of covariates (with a possible heterogeneity of regression coefficients across ages). This 
approach is already illustrated by the concept of “functional longevity” (Ducrocq et al., 1988), 
where classes of milk production are introduced into the model : then, the longevity dealt with 
concerns disposals for reasons other than production. This might be advantageous for two 
reasons. First, it would break down the relationships between univariate EBVs and then 
improve robustness of univariate approaches for estimating breeding values for the selection 
objective. Second, it would increase the robustness of using parsimonious genetic models, such 
as those assuming constance of latent genetic variates over lifetime. However, such an 
approach would logically lead one to re-compose the selection objective and would require 
agreement from practitioners and breeders about the practical value of the new (‘residual’) 
traits, for the usual purposes such as elaboration of matings. 
 
INCLUDING QTL RESEARCH  
Simulation research have clearly demonstrated the desirability of implementing MAS ( marker-
assisted selection) in practical breeding schemes. Another essential result has been that genetic 
gains for the least heritable traits would be the ones most influenced by this new selection 
approach (Ruane and Colleau, 1996 ; Meuwissen and Goddard, 1996 ; Spelman, 1998). Then, 
MAS can be considered as basically adapted to the current context where requirements about 
functional traits are much more severe than formerly.  
Reasoning on a long term perspective, recurrent implementation of MAS will provide larger 
and larger amounts of data, hence an increasingly accurate fine-tuning of the estimates of the 
parameters usually treated by QTL research : number of QTLs involved, corresponding 
positions in genetic maps and relative contributions to the overall genetic variance. At first 
sight, the complexity of univariate BLUP evaluation for mixed inheritance (due to the 
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existence of many “sub-breeding values” i.e. paternal and maternal QTL values plus a residual 
“polygenic” breeding value ; Fernando and Grossman, 1989) might encourage univariate 
approaches of the EBV for the selection objective. However, an adaptation of Ducrocq’s 
approximation of the multivariate BLUP could be attempted after restriction to the sole 
polygenic dispersion parameters and the sole polygenic EBVs, using pseudo “polygenic” 
performances thus leading to new polygenic EBVs and allowing one to estimate the polygenic 
breeding value for the selection objective. The QTL counterpart would still be obtained from 
combining univariate EBVs for QTLs. Of course, the robustness of such an approach is still 
unknown.  
Furthermore, it can be thought that the relative robustness of the different approaches for 
estimating the overall EBV, in the context of mixed inheritance, is likely to depend on whether 
MAS is only starting or has been implemented for many years. Reasons are as follows. The 
efficiency of early implementation of MAS is highly dependent on the efficiency of the QTL 
detection design, because true QTLs can be missed, conversely false QTLs can be claimed, 
position of the true QTLs can be uncertain (especially when several linked QTLs do exist). 
Furthermore, quality of estimation of genetic variance-covariances for each QTLs is clearly 
impaired when the number of typed families spreading its marked genes within the population 
is still small. The impact of these uncertainties on the true extra genetic gains obtained from 
MAS might be substantial as demonstrated by Spelman and Van Arendonk (1998). Of course, 
these problems would tend to fade away after years of extensive marker-typing and MAS. 
Furthermore, research (Colleau, 1999a) additionnally indicates that the optimum level of 
genomewise probability for rejecting the existence of individual QTLs (probability of type I 
error) is not constant. More severity is appropriate when the amount of information from 
marked animals is still scanty and severity can be progressively relaxed, after MAS has 
effectively started, due to the growing amount of information, so that new QTLs would be 
progressively accepted. Of course, it is still premature to attempt to predict the ultimate profile 
of discovered QTLs.  
 
DESIGN OF BREEDING PROGRAMMES  
The optimum design of breeding programmes is likely to be modified by the growing attention 
paid to functional traits. A first question concerns the size of daughter groups providing the 
information for progeny-testing young bulls, because of the lower heritability of such traits. 
Previous investigations have shown the range of near optimal values is relatively wide (Egger-
Danner, et al., 1999). Practically speaking, considering values not far from the most frequent  
practice (i.e. around 100 daughters per group) might be considered as robust. However, if 
production traits are given a minor weight ( such as 20 % or 30 %) in the selection objective, 
then optima are somewhat displaced. A second question concerns the optimal age of breeding 
animals, especially bull dams. Research already showed that a significant shift from the current 
trends to select younger and younger dams, especially within MOET selection nuclei, was not 
justified  (Bovenhuis et al., 1989 ; Meuwissen and Woolliams, 1994 ; Colleau and Phocas, 
1994). 
These rather conservative findings might be questioned, at least concerning size of progeny 
groups used for sampling, by the future increasing impact of QTL research. The first reason is 
that QTLs of traits of low heritability are harder to detect than the other traits and maximum 
power of detection, given a fixed overall amount of information, requires larger families. The 
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second reason is that typing sampling daughters of the elite bulls may provide a substantial 
information on the QTLs breeding values of males, sons of the same bulls, candidates for 
progeny-testing, to be cumulated of course with the information on QTLs of paternal and 
maternal grand-sires (‘top-down’ information). This is the basic rationale of the ‘bottom-up’ 
approach proposed by Mackinnon and Georges (1998). Then, typing sampling daughters of 
elite bulls substantially contributes to the possible extra genetic gains from MAS (Colleau, 
1999b). Finally, one can wonder whether increasing significantly size of progeny groups, as 
compared with the current situation, is to be recommended. Answer to this question might 
depend on the constraints conditioning optimization : either constant overall investments 
(Colleau, 1998) or alternatively, accepted increases of investments. 
 
CONCLUSION  
 This survey of some possible alternatives for practical implementations of selection methods 
including functional traits were restricted to technical areas, concerning mainly procedures for 
combining informations about different traits (‘breeding value estimation’ and ‘including QTL 
research’) and about the ways of producing data information (‘design of breeding 
programmes’). The practical challenge for the future will be to find an optimal balance for 
combining the basic information concerning  EBVs of individual traits, given that long-term 
research already adds and will continue adding complexity for each trait, especially as to the 
interaction between genetics and time, and the number of identified genetic components. In 
order to obtain the best formulation of the overall EBV, will combining single EBVs be robust 
enough ? If not, what will be the optimum number of variates to be treated together and which 
will be the best blocks of traits ? 
Definition of selection objective was alluded to and only restricted to non strategical 
considerations, because this area can easily escape genetical and statistical research. Indeed, 
social perceptions and choices may deeply differ between countries or change over time for the 
same country, and finally influence weights of selection objective in a substantial way. These 
choices can operate  through identifying quite different constraints to be met : output 
limitations (Gibson, 1989 ; Groen, 1989) or input limitations, such as overall costs (Colleau 
and Regaldo, 2001), feed requirements (Visscher et al., 1994), effluent (Steverink et al., 1994) 
or restricted use of medicines and social acceptability. These aspects  were beyond  the scope 
of this paper. However, they should be addressed very carefully for including functional traits 
appropriately into selection, because consensus is needed.  
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