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Nowadays, breed conservation has entered the genomics era and it is imperative to develop novel theory to design the breeding schemes of the conservation populations by using the genomic information. The genome-wide markers have been regarded as a useful strategy to maintain genetic diversity. However, using the genome-wide SNPs to optimize diversity might not be optimal for some specific loci associated with specific-traits. Using the sequencing data of the conserved population of the Saba pig breed, we demonstrated that the conservation program designed by using the genome-wide SNPs might result in the loss of the genetic diversity of the reproduction trait. We suggested an idea of using phylogenetic tree to select valuable individuals for conservation program based on the genome-wide and trait-specific makers. The selection rule was to make the selected samples to be widely distributed as much as possible in both the genome-wide and trait-specific phylogenetic trees.
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The genetic diversity of the indigenous pig breeds guarantees the sustainable development of pork industry. However, due to the excellent production performance of the Western commercial pig breeds (Ai et al., 2013), they have dominated the pig industry, thereby leading to a dramatic reduction in the population size of the indigenous pig breeds (Fang et al., 2005; Kim et al., 2005). China is one of the leading countries in terms of genetic resources for domestic pigs, having more than one hundred indigenous breeds (Ai et al., 2015). Most of these breeds are renowned for excellent performance in reproduction, meat quality and adaptation (Bosse et al., 2014). Therefore, many state-owned conservation farms have been set up for raising those indigenous pig breeds in China.

In the past, the conservation programs were designed based on the pedigree information. Nowadays, the development of high-throughput genotyping techniques has made it possible to obtain a large amount of genomic markers in pig breeds. By using these markers, pedigree reconstruction could correct pedigree errors and recover hidden relatedness (Klapste et al., 2017). The genome-wide information has been regarded as a useful strategy to maintain genetic diversity (de Cara et al., 2011; Bosse et al., 2015). However, the conservation program designed by the genome-wide SNPs might result in the loss of the genetic diversity of some special traits, and thus, result in reduced performance. In general, the indigenous pig breeds have their special performance traits. These traits are important genetic resource and maintaining the genetic diversity means maintaining the phenotype variation. Since the sample size of conservation population is usually small, gene drift may occur easily and the alleles that contribute to the special traits might also be lost. Therefore, it is crucial to maintain the genetic diversity of these special traits. We suggested an approach of using phylogenetic tree to select valuable individuals for conservation program based on the genome-wide and trait-specific makers. Here, we describe the details of our simple framework by using the sequencing data of the conservation population of the Saba pig breed.

A total of 108 distantly related Saba pigs (males: 30; females: 78) from the state-owned conservation farm were selected. By using the GGRS (genotyping by genome reducing and sequencing) protocol (Chen et al., 2013), a total of 211 654 high-confidence SNPs with minor allele frequencies (MAFs) ≥ 0.05 were obtained. These SNPs were widely distributed in the genome (Figure 1). By using all the SNPs, a pairwise distance matrix (1-IBS) was obtained by Plink v1.07 (Purcell et al., 2007). Based on the pairwise distance matrix, the phylogenetic tree was constructed using the neighbor-joining method (Figure 2A) (Saitou and Nei, 1987). The phylogenetic tree can directly reflect the genetic distance among pigs which can foster easy selection of individuals for breeders. Since Saba pig breed is renowned for its good performance in reproduction, we set the SNPs associated with the reproduction trait as the trait-specific markers. The pig QTL database1 was used to identify the candidate genome area related to the reproduction traits. QTL terms with large span (up to 246 Mb, QTL_ID = 5223) were filtered. Empirically, we set the threshold distance to 1 Mb. A total of 17 814 SNPs associated with the reproduction trait were identified, and a phylogenetic tree was also constructed by using these SNPs. (Figure 2B).
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FIGURE 1. The distribution of the SNPs in the chromosomes.
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FIGURE 2. (A) Phylogenetic tree constructed by using the genome-wide SNPs; (B) Phylogenetic tree constructed by using the SNPs associated with reproduction trait.



According to phylogenetic trees, we assumed that there are four pedigrees in Figure 2A and eight pedigrees in Figure 2B. Assuming that the conservation program was constructed only by the genome-wide SNPs, the individuals 30, 64, 101, 107 (green shade in Figure 2A, red color lines in Figure 2B) might not be selected as the breeding pigs, and thus, the genetic diversity will be lost for the reproduction traits. If we aimed to select pigs for conservation as well as maintain the genetic diversity of reproduction traits, we should select samples that both represent the four pedigrees in Figure 2A and eight pedigrees in Figure 2B. According this rule, we can then design our conservation program.

For example, assuming that we need to select 16 pigs from the Saba pig population, we should select two pigs from each pedigree in Figure 2B and at the same time ensures that the selected 16 pigs represent the four pedigrees in Figure 2A. The pigs 39 and 56 can be selected to both represent the pedigrees W1 and S6. The pigs 7 and 75 can be selected to represent the pedigrees W2 and S7. The pigs 30, 107, 14, 51, 18, 108, 1, 23 can be selected to represent the pedigrees W3 and S1, S2, S3, S8. The pigs 86, 73, 2, and 43 can be selected for represent the pedigrees W4 and S4, S5. Therefore, the 16 pigs from the four pedigrees in Figure 2A and eight pedigrees in Figure 2B can be properly represented. Hence, the conservation program based on this illustrated framework can maintain the genetic diversity in both genome-wide and trait specific level.

Nowadays, breed conservation has entered the genomics era. Breeders tend to use the genomic markers to reconstruct pedigree in order to reveal the relationship among animals and select valuable individuals. Some indigenous pig breeds have their own special characters (traits) and it is important to preserve these traits. Our concern is that the utilization of all markers across the genome to optimize genetic diversity might not be optimal for other specific loci associated with specific-traits. Therefore, we suggested that the combination of genome-wide and trait-specific markers could be crucial in designing conservation programs.

We postulated a simple framework to illustrate how the idea can be implemented in practice. Simply, the QTL database was used to identify the trait-specific SNPs. The relationships among samples were explored based on the (1-IBS) distance by using genomic-wide and trait-specific markers. The two phylogenetic trees based on the relationship matrix were used to select valuable individuals by ensuring that they are widely distributed as much as possible in both the genome-wide and trait-specific trees. To obtain the trait-specific markers, we used the QTL database since it can provide us with many candidate regions for specific traits. However, combining the QTL results across previous studies can be very challenging because these studies differ in many aspects such as markers, breeds, and statistical methods.

Overall, we suggested that the conservation programs should be designed by combining the information of genome-wide and trait-specific markers. Moreover, this conservation program is not only suitable for the indigenous pig breeds but might also be adopted for the conservation of genetic resource of other farm animals such as cattle, goat, sheep, chicken etc.
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