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INTRODUCTION 
For applied breeding programmes the commercial environment is more important than any 
other factor: without commercial success the programme will not survive and recent history, 
especially in poultry breeding, has shown the impact of this simple rule. In chicken layer 
breeding and turkey breeding only three breeding programmes have survived and in broiler 
breeding only four. In pig breeding the race is on and the effects will be seen sooner rather than 
later. 
Commercial success of breeding programmes is mainly determined by the suitability of the 
breeds they produce for use by their clients to run a successful production operation in their 
local conditions. Users of the breeding product should be able to produce the products required 
by their market in a competitive way. 
Very few breeding programs have survived and all of these sell their breeding products world 
wide. Does this prove that there are very few significant interactions between breed/genotype 
and environment (commercial or otherwise) ? This paper investigates the answer to this 
question. 
 
DO PHYSICAL ENVIRONMENTS VARY ? 
They obviously do, but with ongoing developments in the animal production industry 
environmental variation is clearly decreasing. Climate and housing conditions, nutrition and 
health are the main factors to impact technical production efficiency and therefore production 
systems world wide tend to evolve into the same direction with similar technologies and 
procedures being used. Optimal nutrition, climatic conditions and health status are more 
determined by the species than by the genotype within species, so with local adaptations such 
as governed by climatic conditions or availability of raw materials roughly the same production 
conditions are being put into place in most regions of the world. The main difference remaining 
is the cost at which such optimal conditions may be obtained, e.g. low housing and feed cost in 
Brazil versus Northern Europe.  
 
Production technology would in principle allow the implementation of full environmental 
control in housed species such as poultry and pigs. In such a situation the old thesis by 
Hammond (1947) that “the character required is best selected for under environmental 
conditions which favour its fullest expression” would be valid. However, this is not reality at 
the moment. The cost of full climate control may be very high in some regions (humid tropics) 

Session 18. Genotype by environment interaction Communication N° 18-09 



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

and traditional production systems (esp. in pigs) take time to be replaced by more optimal 
systems. Also some environmental factors, such as high altitude cannot be changed in a given 
location. Finally, some environmental conditions are determined by governmental regulations, 
such as housing density in layers or broilers.  
 
G X E INTERACTIONS FOR SELECTED ENVIRONMENTAL IMPACTS 
Turkeys. We investigated (Douglas and Buddiger, 2001) the potential occurrence of genotype 
x environment interaction in turkeys, as we suspected that there might be an impact of the large 
difference in climatic conditions between Canada, where our pedigreed lines are housed, and 
areas of the United States where large scale turkey production takes place and many clients are 
based.  
Housing at Hybrid’s pedigree farms in Ontario is in closed barns with mechanical ventilation 
and temperature control, whereas in North Carolina and Missouri birds are raised in open-sided 
barns with natural ventilation. Average temperatures for the different regions during this test 
are given in Figure 1. The first group that was tested in North Carolina experienced heat stress, 
the second group in Missouri went through wintertime in which case curtains are most likely 
closed and ventilation is reduced to a minimum causing a different kind of stress.  
  
Figure 1. Average temperatures in different regions were pedigreed poults were placed. 
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In 1999 specific lines of pedigreed toms were placed simultaneously on Hybrid’s pedigree 
farms as well as on commercial farms in the south east (North Carolina) and Mid-West 
(Missouri) USA.  One of these flocks was a “winter flock, placed October 22, 1999”, and one a 
“summer flock, placed May 7, 1999”. Offspring from close to 1000 hens and 220 toms were 
placed as pedigreed poults at each location.  Body weight and walking score measurements 
were done at 20 weeks of age. Average performances for different lines in different locations 
are given in Table 1. 
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Table 1. Average performance of different lines in different geographic locations. 
 

 Ontario North Carolina 
 Body weight 

(lbs) 
Walking score 
(1 poor, 5 best) 

Body weight 
(lbs) 

Walking score 
(1 poor, 5 best) 

Line A 32.82 ± 2.60 2.8 ± 1.0 30.38 ± 2.95 3.2 ± 1.3 
Line B 32.36 ± 2.57 2.6 ± 0.9 32.11 ± 2.57 2.3 ± 1.0 
Line C 43.63 ± 3.48 2.5 ± 0.9 41.99 ± 3.81 2.1 ± 1.0 
     
Total # offspring 4033 2210 
     
 Ontario Missouri 
 Body weight 

(lbs) 
Walking score 
(1 poor, 5 best) 

Body weight 
(lbs) 

Walking score 
(1 poor, 5 best) 

Line A 33.00 ± 2.49 2.8 ± 1.0 31.28 ± 2.49 3.3 ± 1.1 
Line B 31.59 ± 2.88 2.8 ± 1.0 31.33 ± 2.77 3.0 ± 1.1 
Line C 43.67 ± 3.65 2.6 ± 0.9 41.43 ± 3.74 2.7 ± 1.1 
     
Total # offspring 4502 2227 

 
Breeding values were estimated for toms on basis of information collected at pedigree farm and 
compared to breeding values estimates on basis of information from the commercial farms. 
Ranking of toms in both situations was very similar (r > 0.90).  
 
Genetic correlations between traits measured at the pedigree farms and commercial farms were 
calculated making use of the MTDF-REML software package for estimating co-variance 
parameters. The results are given in Table 2. 
 
Table 2. Genetic correlations for different traits between 1) Ontario and North Carolina, 
and 2) Ontario and Missouri.  
 

 Body weight Walking score 
Ontario-North Carolina 0.64 0.81 
Ontario-Missouri 0.83 0.94 

 
Table 2 shows that the genetic correlations between the selection environment in Ontario and 
various commercial environments in the USA are very high and do not reveal substantial 
genotype x environment interaction for these widely varying conditions. 
 
Layer chickens. Pure line pedigreed birds in layer breeding programs are housed in single bird 
cages to allow the individual collection of eggs and measurement of individual egg production 
performance. Layer breeding programmes use recurrent testing of crossbred offspring of pure 
line breeders for obtaining breeding value information. Such recurrent testing is usually done in 
group cages. Regulations on cage housing are strict in Europe but not so in most other parts of 
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the world. This is reflected in lower genetic correlations between birds tested across the 
Atlantic than between birds tested in Europe. 
We evaluated four different commercial White Leghorn crosses in a recurrent test set-up on 
three farms, two located in The Netherlands and one located in Canada. Feed through length 
per bird was more than 25% lower in Canada than in The Netherlands and the feed was 
produced locally using very different raw materials. Birds in each farm were full sibs of birds 
in both other farms. The number of birds evaluated in each subclass of farm and type of 
crossbred ranged from 910 to 1385. 
 
Table 3. Egg production (number of eggs per hen from 24 to 60 weeks of age), average 
egg weight and mortality rate of four crossbreds (A, B, C, D) in three farms located in 
The Netherlands (Farm 1 and 2) and Canada (Farm 3). Data are presented as LS means. 
 

 Egg production/hen 24 – 60 weeks 
 Crossbred A Crossbred B Crossbred C Crossbred D Significance 

of 
interaction 

Farm 1 (NL) 234.7 236.5 235.8 229.6 
Farm 2 (NL) 241.6 241.1 240.0 234.1 
Farm 
3(CAN) 

240.4 240.4 240.1 239.1 

 
P < 0.05 

 Average egg weight (g) 
 Crossbred A Crossbred B Crossbred C Crossbred D Significance 

of 
interaction 

Farm 1(NL) 61.4 61.2 61.1 62.3 
Farm 2(NL) 60.7 60.5 59.8 61.7 
Farm 
3(CAN) 

60.2 60.6 60.3 61.7 

 
n.s. 

 Mortality rate (%) 
 Crossbred A Crossbred B Crossbred C Crossbred D Significance 

of 
interaction 

Farm 1(NL) 7.6 6.9 5.9 7.8 
Farm 2(NL) 5.7 5.6 5.2 6.5 
Farm 
3(CAN) 

9.4 6.9 6.6 5.3 

 
P < 0.10 

 
Table 3 shows a clear interaction between farm and genotype for egg production adjusted for 
mortality. Especially crossbred D is able to match the egg production level of the other three 
crossbreds under Canadian conditions, whereas this cross is clearly behind in egg production in 
Dutch conditions. A similar type of GxE interaction is seen for mortality rate: crossbred D has 
the lowest mortality rates of all crossbreds in Canadian conditions but the highest in Dutch 
conditions. Both egg production and mortality results show that crossbred D is particularly 
suited for Canadian conditions, but not the best choice for conditions in The Netherlands. 

Session 18. Genotype by environment interaction Communication N° 18-09 



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

In contrast to “fitness” traits such as egg production and mortality, egg weight does not show 
any signs of GxE interaction. 
Thus this example in egg laying chickens is a clear case of genotype x environment interaction. 
Breeding companies recognise this interaction and so does the egg layer industry : breed choice 
in the USA is largely very different from breed choice in Europe. 
 
Broiler chickens. Ascites is a disease condition in broilers which is due to an imbalance 
between the ability of the birds to mobilise oxygen from ambient air and their requirement for 
oxygen for growth and body maintenance. Ascites occurs more when birds grow faster, are 
kept in cold conditions and when the availability of oxygen is lower such as at high altitude. 
Diseased birds show typical disease symptoms accompanied by reduced growth and finally 
death .(Decuypere et al., 2000). Susceptibility to ascites is highly heritable and only partly 
correlated with genetic potential for growth and body composition. Due to the nature of the 
condition susceptibility is only expressed under unfavourable environmental circumstances 
such as high altitude or low temperature. Such conditions typically occur during winter time in 
open housing facilities at high altitude, but not in well controlled housing at lower altitude 
which is typical for a breeding nucleus. In more general terms, the environment determines the 
expression of genetic liability to the disease and also may affect the expression of productivity 
traits. This phenomenon should be taken into account when genetic parameters are estimated 
and used in breeding programs (De Greef et al., 2001) 
Thus the expression of resistance to ascites is a prime example of a commercially relevant 
genotype x environment interaction which is widely recognised by the broiler breeding 
industry and their clients. 
 
DO MARKETS VARY ? 
Yes, very much so ! For egg layers there is a clear separation between markets for brown eggs 
and markets for white eggs. Some markets want small eggs, some want big ones. For broiler 
poultry slaughter weights range from 1200 grams to around 4000 grams and some markets 
prefer dark meat (leg meat, wing meat) while others prefer white meat(breast meat). Turkey 
slaughter weights vary from 7 kg to 22 kg. Pig slaughter weights vary from 80 kg (bacon 
markets) to 150 kg (dried ham markets) with very variable requirements for leanness of the 
carcass. 
 
Breeding companies address the issue of variable market requirements by product 
segmentation : they produce different hybrid breeds for different markets whenever they regard 
this as a commercially viable option. The globalisation of consumer market trends is clearly 
reducing the variability of market requirements world wide. Global trade of animal products 
has an even bigger impact. E.g. due to world wide trade of chicken meat, chicken breast meat 
fetches a higher price than chicken leg meat even in regions where local consumers prefer the 
latter. 
 
HOW DO BREEDING COMPANIES DEAL WITH VARIABLE MARKETS AND 
ENVIRONMENTS 
The first concern of a breeding company is to select the pure lines underlying a certain breed to 
market specifications. To deal with potential genotype x environment interactions the 
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environment provided to the breeding nucleus is chosen as close as possible to the environment 
which is encountered by the commercial production animals in the chosen market. Similarities 
between housing and management conditions for housed species across the world are larger 
than differences between them and “standard” commercial conditions can be defined relatively 
easily. These conditions are therefore the conditions of choice for breeding programmes with 
world wide clientele. 
In a number of cases it is clear that the nucleus environment is not adequately representing the 
commercial environment and in such cases sibs or offspring are evaluated in a more adequate 
setting, such as illustrated above for recurrent testing in high density multiple cage housing in 
layer poultry and evaluation of ascites resistance in broiler poultry. This trend is likely to 
develop further when it comes to the evaluation of traits that could be evaluated in large 
production organisations where tracking and tracing equipment and procedures are increasingly 
being implemented (especially in meat poultry and pigs). 
An important option to deal with market or environment interactions is to develop different 
breeds for different conditions, each with their own breeding goal. The importance of 
interactions has to be weighted against the extra cost of breeding and reproduction of the elite 
breeding stock. Such cost are the lowest in layer breeding and therefore the largest diversity in 
breeds is seen for this type of breeding programmes. 
Another option that is sometimes chosen is the establishment of satellite breeding programmes 
in various locations. This could be seen as a safety measure against unknown genotype x 
environment interactions that could affect the programme. In most cases however the 
establishment of satellite programmes is not a technical but a commercial choice inspired 
mostly by logistic considerations and business partnerships. There are numerous satellite 
programmes in pig breeding, where transport costs of animals are high and veterinary 
regulations are often prohibitive. There are no satellite breeding programmes in layer poultry, 
where genotype x environment interactions have been most clearly demonstrated. Satellite 
breeding programmes are not the method of choice to deal with genotype x environment 
interactions. 
 
CONCLUSION 
For applied breeding programmes variability of markets is more important than variability of 
physical environments. Applied breeding programmes try to create conditions which reflect 
commercial production conditions as closely as possible. Where this is impossible sib and 
offspring testing is used to make up for this. Very strong genotype x environment interactions 
are very rare and are dealt with through line breeding with adapted breeding goals. 
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