A partition of gene and allelic diversity and their application to chicken data
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Abstract. A method is proposed for the analysis of allelic diversity in the context of subdivided populations. Total allelic diversity of a population can be partitioned into within- and between-subpopulation components, in a way analogous to the classical partition of gene diversity. This partition makes it possible to establish the relative contribution of each subpopulation to both components of genetic variation, with possible applications in population analysis and conservation. A definition of allelic differentiation, AST, between subpopulations results from this partition. For the sake of illustration, multilocus genotypes are used to evaluate the contribution of chicken breeds to gene and allelic diversity.
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1   Introduction

The analysis of genetic diversity is usually one of the first steps followed in almost all population genetics and evolutionary studies, as well as in the conservation of genetic resources. In subdivided populations, gene diversity (or expected heterozygosity) can be partitioned into within and between-subpopulation components [1], with important applications for priorisation of populations and management in conservation programmes [2]. The statistic most frequently used to quantify the degree of gene frequency differentiation between subpopulations is Wright´s FST [3].

However, allelic richness (the number of different alleles segregating in the population) is an alternative criterion to evaluate genetic diversity and differentiation between subpopulations [4, 5].

We present a partition of allelic diversity into within and between-subpopulation components in analogy to the corresponding partition for gene diversity. A parameter to measure allelic differentiation between subpopulations (AST) arises from this partition. Multilocus genotypes are used to evaluate the contribution of chicken breeds to both gene and allelic diversity.
2   Methods

Gene frequency differentiation. In a structured population with n subpopulations, the total gene diversity or expected heterozygosity (HT) can be partitioned into a component within subpopulations (HS) and another (HT – HS) between subpopulations,
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where pi,k is the frequency of allele k for a given locus in subpopulation i and K is the total number of alleles in the population [1]. The between-subpopulation component of gene diversity (HT – HS) is also the average Nei´s minimum distance between populations
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 is the gene frequency distance between subpopulations i and j. Consequently, HT = HS + DG, and Wright´s FST [3] is defined as
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Allelic differentiation. The rarefaction methodology [6] is used to estimate the number of expected alleles in samples of a specified size. In this approach, the smallest sample size is chosen as a reference to examine the number of alleles present in all samples. In the context of a subdivided population, if Nik represents the number of copies of the kth allele from the sample of a given subpopulation i and Ni represents the total number of genes present in that subpopulation, the allelic richness at one locus is denoted as the expected number of different alleles that a sample had if the sample size had been g genes (usually the smallest sample size) instead of Ni (≥ g). The expected number of different alleles in a sample of genes taken at random is then equal to
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is the probability that allele k does not occur in a sample of g genes chosen at random [4].

Following a derivation analogous to that of FST it is possible to define a partition of allelic diversity into within and between-subpopulation components. The within-subpopulation component of allelic diversity is
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Now, an allelic dissimilarity or distance between two subpopulations may be defined as the number of alleles present in a subpopulation and absent in the other. Thus, the average allelic distance between subpopulations i and j can be obtained as
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The average distance between all subpopulations is
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Hence, the total allelic diversity (AT) is the sum of both components, 
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resulting in a definition of the coefficient of allelic differentiation,
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Application to real data. The above partition of gene and allelic diversity was applied to the data from Rosenberg et al. [7] to evaluate the contribution of each breed to gene and allelic diversity. Rosenberg et al. [7] analysed 27 microsatellite loci for 20 chicken breeds. For simplicity, these 20 breeds were grouped within 5 categories depending on the breed type: Feral (N = 30), Commercial selected (N = 240), Traditional selected (N = 240), Traditional Unselected (N = 60) and Inbred (N = 30). In this example g = 60.

To evaluate the contribution to genetic diversity the methodology proposed by Petit et al. [8] was applied, by removing one breed and recalculating the loss or gain in diversity.

3 Results and Conclusions

Table 1 shows the proportional loss (positive values) and gain (negative values) of within, between and total gene (a) and allelic (b) diversity when each breed is removed from the pool, using the methodology of Petit et al. [8]. The Feral subpopulation contributes the most to gene diversity because of its large within-subpopulation component. However, for allelic diversity, the Traditional Selected subpopulation is that contributing the most to diversity, because of its high contribution to the within-subpopulation component. The most reduced contribution (both for gene and allelic diversity) corresponds to the Inbred subpopulation, because of its negative contribution to the within-subpopulation component. The FST value is 0.22, whereas AST = 0.30, suggesting a higher allelic differentiation than gene frequency differentiation between breeds.

It is clear from the above results that the decisions on conservation based on gene or allelic diversity can be different, and these decisions will need to be based on the interest of the manager regarding short- versus long-term priorities.

Table 1: Contribution of the chicken breed to the (a) gene and (b) allelic diversity.
	a. Gene diversity
	Within
	Between
	Total

	Feral
	4.62
	1.00
	5.62

	Commercial Selected
	4.55
	-1.57
	2.98

	Traditional Selected
	5.39
	-2.65
	2.74

	Traditional Unselected
	2.39
	-2.06
	0.33

	Inbred
	-16.95
	12.14
	-4.81

	
	
	
	

	b. Allelic diversity
	Within
	Between
	Total

	Feral
	3.49
	2.12
	5.61

	Commercial Selected
	2.86
	-0.44
	2.43

	Traditional Selected
	6.53
	1.27
	7.80

	Traditional Unselected
	1.64
	-0.89
	0.76

	Inbred
	-14.53
	5.38
	-9.16
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