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Introduction

Feeding the world’s growing population with high-quality food is the core aim of agricultural production.
In view of the growing world population, this challenge will continuously become larger, especially in
the big cities of developing countries, where most of the increase of 80 million annually is expected.
Production of eggs in these regions will be of increasing importance as a relatively cheap source of
animal protein. In contrast to poultry meat, which is traded between continents in large volume, eggs
are produced typically for consumption in the region and traded across borders in significant volume
only in Europe. 

In addition to conventional selection criteria like egg production, feed conversion and egg quality,
traits related to animal welfare have become more important in Europe and North America. To improve
these traits requires additional and very cost-intensive data recording. Novel recording systems have
to be developed to test chickens in non-cage environments and husbandry systems accepted by
welfare legislation.

Continued genetic progress can be expected within the available gene pool of highly efficient white-
egg and brown-egg lines, based on conventional selection on key traits. However, the laws of diminishing
returns also apply in poultry breeding, and efforts to optimize performance testing, selection and
reproduction have to be intensified to assure competitive rates of progress. Incorporating additional
traits in the complex breeding goal and selection routine will automatically increase the total cost of
data recording and lower the rate of progress for all other traits, without generating a measurable
return on investment for the breeding company. They are therefore challenged to look for more precise,
quicker and/or less expensive methods to evaluate individual and family differences in relevant criteria. 

As numerous simulation studies have shown, genomic selection can contribute significantly to the
enhancement of breeding progress. In layer breeding, genomic selection has been successfully
applied in practice to identify and eliminate the FMO3 gene which used to cause off-odor in brown-
shelled eggs (HONKATUKIA et al. 2005). 

There is no convincing evidence to date demonstrating that genomic selection can in fact improve
all major traits in a complex index at competitive cost. The following review will address the current status
and perspectives of genomic selection in layer breeding in more detail. 

Genome-wide Selection

Many theoretical advantages of genomic selection have to be weighted against the substantial
expenditure. In addition to launching costs for the establishment of the method in each line or gene
pool, there are also substantial costs for typing all candidates in each generation of selection. There
is a theoretical potential for savings in performance testing (e.g. due to shorter testing periods and
earlier selection decisions). However, in the learning process of the first several generations, there
will be no possibility to economize performance testing, because the effective contribution of genomic
selection depends on complex genotyping and the correlation between phenotypic parameters and
markers.

The establishment of genomic selection in all lines and application to select between and within
families requires that performance testing continues for all economically relevant characteristics. 

The accuracy of this conventional testing, i.e. “phenotyping”, determines the success of genomic
selection carried out later. Using a broad calibration and genome-wide typing with SNPs will hopefully
indicate regions associated with specific traits. Until we know more, each line has to be analyzed
individually, and the parameters estimated from one line cannot be simply used in another line.
Commercial hybrids usually constitute 4-way crosses, i.e. the cost of genotyping quadruples before
results can be expected in the field. Furthermore, the 4 lines for a white-egg breeding program have
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nothing in common with the 4 lines for a brown-egg breeding program of the same primary breeder.
The calibration process therefore has to be carried out at least 8 times. After the first genomic selection
and reproduction of cross-line offspring, we can begin to measure the selection response in comparison
with conventional selection.

This comparison will provide information to assess the additional benefit of genomic selection. To
reduce the cost for typing, the set of markers can be readjusted after this initial phase and reduced to
the most informative regions. With a small line-specific SNP-Chip, the cost of routine genotyping can
be substantially reduced. 

For poultry, genomic selection is expected to contribute primarily to more accurate breeding value
estimation in broiler breeding, in layer breeding also to a shorter generation interval. These two factors
will combine to speed up the annual rate of progress in breeding. 

The benefits of genomic selection should eventually become apparent in terms of lifetime productivity
and lower susceptibility to diseases. Furthermore, genome analysis can help to describe the current
gene pool more accurately and to optimize effective population size without sacrificing selection
intensity, while focusing on short-term breeding progress. Based on simulation studies, it has been
calculated that breeding progress can be increased by 20-40 % annually by extensive application of
genomic selection is (DEKKERS, 2009; AVENDAÑO et al., 2009).

At present, two approaches are being used in the application of genomic selection. In addition to
studies based on genome-wide SNP detection within several lines, so-called “case control studies” are
of particular interest. Case control studies are used to analyze specific metabolic disorders or
susceptibility to diseases, using DNA samples from infected birds and compared to those from non-
infected birds. Since all birds originated from the same genetic groups, were re-produced at the same
time, reared and exposed to the same infection pressure, differences in susceptibility can be traced
back to possible genetic differences.

In layer breeding, the selection among full brothers at an early stage and the prediction of persistency
of egg production and egg quality are of major interest for genomic selection. Males are selected
traditionally based on the performance of their sisters and female relatives of previous generations.
Therefore, full brothers have identical breeding values, although their real genetic potential varies
greatly, as will be demonstrated by their progeny. If all males were raised and complete families of
full brothers selected, the inbreeding would increase dramatically. Therefore, only few sons per dam
are presently being raised, and the number of sons selected per sire is restricted. The objective with
genomic selection would be to keep as many sons per family at hatch and to reduce them to available
rearing capacity by within-family selection on the basis of marker information. 

First experiments using a DNA chip with 40,000 SNPs have begun. The calibration data consist of
performance parameters from three or more generations. The first generation of offspring has been
reproduced in 2009 from sires and dams selected exclusively on genomic breeding values, ignoring
their phenotypic performance. The regression of offspring performance on parent performance will
provide information on the accuracy of genomic selection and realized genetic gain.

Potential for application of genomic selection

Compared to other farm animals, performance testing of layers at the pure line stage is relatively
cheap per individual hen, especially if they can be used for reproduction during the testing phase by
means of artificial insemination. The cost of genomic selection is presently estimated at approximately
200 € per bird for a 40,000-SNP marker panel. There is no chance for savings in performance testing
anywhere near this amount.

A practical question which needs to be answered is how best to combine selection indexes based on
phenotypic and genomic data. Both are supposed to combine all available information in an optimal
manner, with appropriate attention to accuracy and source of information (pure-line or cross-line data).
The additional cost of genetic improvement would eventually have to be paid by customers, who will
only be prepared to accept a price increase if and when a significant increase in productivity of the
commercial layer has been confirmed. The substantial launching cost will have to be pre-financed
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by the breeding company in any case, and predicted results will not be sufficient to argue the need for
a price increase. 

As positive examples for effective marker-assisted selection in poultry, we can point to (1) the elimination
of fishy odor in brown-shelled eggs caused by a mutation on the 8th chromosome, (2) reduced
susceptibility to Marek’s disease and (3) reduced susceptibility to infection by E. coli. Hopefully
selection against feather-pecking will also benefit from marker assisted selection (FLISIKOWSKI et al.,
2009) in the near future.

Practical experience with genomic selection suggests that the time from discovery to successful
practical application is usually underestimated. The breeding company Aviagen started in 2006 and
2007 with chips containing 6,000 and 12,000 SNPs and is currently working with a chip containing
40,000 SNPs to increase the marker density in promising regions and to discover more informative
regions. Cobb Vantress, in close collaboration with Hendrix Genetics, began a large-scale project in
broiler breeding in 2008.

Conclusion

The poultry industry recognizes the advantages of continued genetic improvements, which add to
profitability at the commercial level without requiring any additional investments or changes of orga-
nization. Offering future generations of parents at the same price would be advantageous for the
buyer, but for reasons described above not realistic to expect. To recover the additional cost of genetic
improvement, breeding companies have to try to sell parents in larger numbers which will intensify
the competition among the few primary breeders for layers and broilers dominating the world market. 
Genomic selection provides information which can already be used in growing animals without
performance testing. This increases the speed and accuracy of selection decisions. The prerequisite
for the application is, however, upstream performance testing for all traits of commercial interest.
Therefore, phenotypic performance recording must first be established for new traits before markers
can be applied. Selection on molecular markers is no miracle to improve new traits directly, it is only
an additional tool with the potential to increase the effectiveness of breeding without manipulating
the genome of the birds. The breeding goals have to be defined and rates of progress predicted in
order to offer the commercial poultry industry realistic expectations of future improvements. Short-
term efforts to realize improvements in the areas of management and husbandry, hygiene and disease
prevention, and last but not least to optimize nutrition, should not be relaxed while expecting too much
from genomic selection too soon.

For laying hens, we expect continuing progress in each generation in terms of persistency of production
and egg quality, feed efficiency, health, behavior and adaptability to different housing systems. Traits
related to hen welfare will receive increasing attention in testing and selection. The high level of
productivity already achieved, with rate of lay exceeding 90% for many months, is no reason to
question whether further progress can be achieved. Testing in different housing systems and under
field conditions will remain important while further developing genomic selection with company-specific
DNA chips. With these tools, selection will become more complex and costly, but also help to tailor
different strain crosses to specific needs of egg producers in different parts of the world market.

Summary

Primary breeders of egg-type chickens are making a significant contribution to supply highly efficient
layers to commercial egg producers, who in turn produce high quality animal protein at low cost to
the growing world population. Genomic selection has the theoretical potential to further improve the
effectiveness of breeding, but so far the practical benefits of these strategies have not been verified
in commercial poultry breeding. Possible savings in performance testing cannot cover the increasing
cost of genotyping. Company-owned SNP-chips have been developed and are being utilized in both
layer and broiler breeding. First practical results are expected in 2010. The focus is on shortening
the generation interval and to select between full brothers (with identical conventional breeding value)
for sex-limited traits. Case control studies, where individuals with extreme phenotypic differences e.g.
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in terms of specific disease resistance can be identified, are used to search for SNP-markers which
may help to select more effectively for vitality.

Zusammenfassung

Für die Versorgung der zunehmenden Weltbevölkerung leistet die Zucht von Legehennen einen
nachhaltigen Beitrag. Verbesserte Selektionsmethoden wie z.B. die genomische Selektion bieten
dafür gute Ansätze. Der praktische Nutzen konnte aber bisher noch nicht in kommerziellen
Geflügelzuchtprogrammen nachgewiesen werden. Offensichtlich können den steigenden Kosten
keine wesentlichen Einsparungen in der Leistungsprüfung gegenübergestellt werden. Im Bereich der
Legehennen- und Broilerzucht werden firmeneigene SNP-Chips eingesetzt. Erste Ergebnisse werden
für 2010 erwartet. Eine Verkürzung des Generationsintervalls und eine Selektion innerhalb männlicher
Vollgeschwistergruppen bei geschlechtsgebundenen Merkmalen werden angestrebt. Anhand von
Fall-Kontroll-Studien sollen Tiere mit extremen Abweichungen im Phänotyp als Grundlage für die
Etablierung von SNP-Markern zur Selektion auf bessere Vitalität herangezogen werden. 
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