The Importance of Reproductive Longevity to the Animal Industry                                                              
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Reproductive success is one of the most important factors affecting the economic viability of the livestock industry.  Since culling due to reproductive failure and the raising of replacement stock are major costs of production, the industry will greatly benefit from improvements in the length of time that an animal can be profitably retained. Reproductive failure is second only to low milk yield as the most frequent cause of culling in dairy cattle. The use of sexed semen in cattle creates a significant opportunity for the producer to improve the herd replacement strategy and select the best cows based on markers for reproduction and longevity. Similarly, in beef cattle, swine, sheep and fur-bearing animals, replacement cost is, after nutrition, the second highest source of expenditure. Clearly, the capacity to produce progeny for as many years as biologically possible, i.e. reproductive longevity, is a very economically significant trait. Therefore, extending the reproductive lives of livestock offers one of the greatest opportunities for increasing productive efficiency and economic returns.
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Despite its economic importance, little improvement has been made in RL because it is difficult to do so by classical selection methods. There are many technical reasons for this: it takes many years to evaluate RL in long-lived livestock species; most farmers cull their animals for a variety of reasons other than RL; the trait has a low heritability (environmental factors play an important role); and generally only females are evaluated for RL. 

Despite the fact that RL is one of the most important components of profitability in livestock, no other research institution in the world is involved in addressing this trait because of the difficulties associated with improvement of this trait. Until recently, there had not been a mammalian system that allows us to genetically compare heterogenous populations that differ only in the length of their healthy reproductive life, independent of their size or other biological characteristics. 
PGI has a unique murine model of extended RL that consists of several lines of mice with widely contrasting RL phenotypes. The lines selected for RL reproduce 61-86% longer than the control lines and live through 83-100% more parturitions. This mouse colony, developed by Canadian agricultural scientists, is an innovative tool to identify genes and pathways that control RL in mammals. This information will greatly increase our understanding of the genetic control of physiological and biochemical processes that influence RL, which in turn will identify opportunities for improving this trait through selection in livestock. 

The Value of Breeding Markers in the Livestock Improvement Industry

Breeding markers are used to identify genetic superiority among animals. The degree of superiority directly determines the commercial value of the markers. Thus, for markers that affect RL, the market potential of a particular set of markers cannot be properly assessed until the direct effects on RL and any correlated effects on other important traits for the species in question are known. The economic benefit of certain markers can be estimated from the demonstrated effects of the markers in a well characterized population, based on the estimated marker effects (direct plus correlated effects) and the allele frequency of the favourable alleles of the markers. For example, if the increased value of a favourable allele determined in this manner is found to be $1, then it can be shown that the value of incorporating it into a new population will be directly influenced by the existing frequency of this allele in that population, as illustrated in the table below. 
	Allele frequency
	Genotype
	Population value
	Marker potential

	
	AA
	AB
	BB
	
	

	0.1
	0.01
	0.18
	0.81
	($0.80)
	$1.80

	0.2
	0.04
	0.32
	0.64
	($0.60)
	$1.60

	0.3
	0.09
	0.42
	0.49
	($0.40)
	$1.40

	0.4
	0.16
	0.48
	0.36
	($0.20)
	$1.20

	0.5
	0.25
	0.50
	0.25
	$0.00
	$1.00

	0.6
	0.36
	0.48
	0.16
	$0.20
	$0.80

	0.7
	0.49
	0.42
	0.09
	$0.40
	$0.60

	0.8
	0.64
	0.32
	0.04
	$0.60
	$0.40

	0.9
	0.81
	0.18
	0.01
	$0.80
	$0.20


Each offspring receives one allele (version) of each gene from each of its parents. Assume, for a gene that affects reproductive longevity, that A (vs B) is the favourable allele and that each copy of it confers a benefit of $1 to animals that possess it; this is a modest figure though nevertheless sufficient to justify commercial use of the marker. 

It can be seen that the lower the frequency of this allele in the population the greater the benefit of incorporating it into that population. In this example, we assume a contrast between the two homozygotes of $2 per animal. With an allele frequency for the favourable allele ranging from 0.1 to 0.9, the benefit for the population ranges from $1.80 to $0.20 per animal. Assuming that the value of a marker for a population is $1 per animal, the potential benefit (value) of introducing the marker is n*$1 (where n equals the number of target animals, such as the number of dairy cows, sows, laying hens, etc.). 

The use of DNA markers will greatly accelerate the rate of genetic progress achieved through selective breeding, particularly for those traits like RL that are difficult to improve by conventional selection methods.  These markers allow identification of both males and females carrying the beneficial form of a gene (allele) at a young age, even as  early as the embryonic stage, so there is no need for an animal to grow to adulthood so that a trait can be observed. Thus, DNA markers offer the advantage of reducing the number of years required to introduce genetic improvements to a livestock species. In addition to the value of markers for long term genetic improvement programs, short term value can be created for the commercial producer through the use of markers in replacement strategies for commercial females, in particular in cattle and horses where individual animals have a high value.
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