Common origin of local breeds in western region of Carpathians
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Abstract

The aim of this study was to analyse the genetic relationships and the state of diversity within and across three local breeds originating from western Carpathians by using microsatellite markers. In total of 214 biological samples representing the gene pool of Slovak Pinzgau, Slovak Spotted and Brown Carpathian cattle (UA) were genotyped using a set of 11 microsatellites that are primarily recommended by the ISAG for paternity testing. All of applied biostatistics approaches indicated that most of the genetic variation was conserved within individuals on the metapopulation level (92%), while the subdivision of cattle populations explained only 6% of variation. Similarly, the Wright FST index (FST=0.036±0.004) and Nei's genetic distances (DA=0.211±0.031) pointed out to relatively high level of genetic similarity among breeds under consideration. The highest genetic identity revealed Slovak Spotted and Brown Carpathian cattle. On the other hand, the analysis of genetic variability conserved within each breed showed only negligible loss of genetic diversity.
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Introduction 

The great changes in livestock management in recent years due to the increased specialization and mechanization in combination with a strong focus on high-yielding breeds and breeds that mainly offer provisioning ecosystem services have led to a substantial loss of local breeds’ genetic diversity (MARSONER et al., 2018). The situation is critical especially in Europe, where up to 40% of the breeds can be classified as endangered by the significant loss of genetic diversity (FAO, 2011). However, such indigenous native breeds are valuable genetic resources as they are well adapted to local environments, represent cultural heritage and in some cases, the certified products obtained from local breeds provide an additional value that distinguishes them from non-native breeds (GINJA et al., 2013; DI TRANA et al., 2015; OVASKA and SOINI, 2016; UPADHYAY et al., 2019).
During the last decades a large number of genetic diversity studies in cattle based on microsatellite and SNPs (single nucleotide polymorphisms) loci was carried out to assess population structure and genetic variability in order to provide insight into origin, history and adaptation of local breeds (GLOWATZKI-MULLIS et al., 1995; DALVIT et al., 2008; GINJA et al., 2010; GAMARRA et al., 2017; KUKUČKOVÁ et al., 2017). When comparing STR (short tandem repeat or microsatellite) and SNP markers, STR markers proved enough statistical power in comparison to SNPs and need of twice as many SNP markers to provide the same effectiveness as STRs for genetic identification (FERNÁNDEZ et al., 2013).
The main objective of present study was to assess the genetic relationships among and within three local breeds bred in western part of Carpathians; namely Slovak Spotted, Slovak Pinzgau and Brown Carpathian cattle, based on microsatellites genotyping. Subsequently, the analysis of genetic variability was conducted to estimate the degree of their endangerment status in respect to the loss of intra-population diversity.
Material and methods

A total of 214 animals representing the gene pool of Slovak Pinzgau (N=79), Slovak Spotted (N=90) and Brown Carpathian (UA) (N=45) cattle were included in the study. All of animals under consideration were genotyped by using s set of eleven microsatellite markers (BM1818, BM1824, BM2113, ETH10, ETH225, ETH3, INRA23, SPS115, TGLA122, TGLA126, and TGLA227) recommended by the International Society for Animal genetics (ISAG) for paternity testing.
The genetic relationships among and within analysed breeds were evaluated based on three different approaches: principal component analysis (PCA), Nei's standard genetic distance, and Wright's F statistics. The PCA analysis was performed using R package adegenet (JOMBART and AHMED, 2011). The matrices of Nei's DA genetic distances and Wright's FST index was computed using R package StAMPP (PEMBLETON et al., 2013). Subsequently, the amount of inbreeding-like effect within (FST or Ɵ) and among subpopulations (FIS or f) was measured according to method described by WEIR and COCKERHAM (1984) using GenAlEx 6.5 software (PEAKALL and SMOUSE, 2012). An analysis of molecular variance (AMOVA) estimating the genetic structure indices using information on the allelic content of haplotypes, as well as their frequencies stored entered as a matrix of Euclidean squared distances was performed by 10,000 permutations with Arlequin v3.5 software (EXCOFFIER et al., 2005).
The level of intra-population genetic variation characterized by the allele frequencies, mean number of alleles (MNA), observed heterozygosity (Ho), gene diversity (He) often referred to as expected heterozygosity, and Shanon's information index (I) was calculated using GenAlEx 6.5 software (PEAKALL and SMOUSE, 2012). The same statistical environment was then used to estimate the probability of random mating in population by Chi-square goodness-of-fit test and by the likelihood ratio test that analyse departure from the Hardy-Weinberg equilibrium (HWE) at each marker. 
Results and discussion

The analysis of molecular variance showed that the subdivision of cattle populations based on their origin explained only 6% of variation conserved in analysed dataset. Within individuals on the metapopulation level was partitioned 92% of variations and the rest (2%) was explained by the differences among individuals within populations (Table 1).

Table 1. Summary of ANOVA analysis

	Source
	DF
	SS
	MS
	Est. Var.

	Among populations
	2
	80.916
	40.458
	0.265

	Among individuals
	211
	861.334
	4.082
	0.088

	Within individuals
	214
	836.000
	3.907
	3.907

	Total
	427
	1778.250
	
	4.259


DF – degree of freedom, SS – sum of squares, MS – mean squares, Est. var. – estimate of variance
To describe the degree of genetic differentiation across analysed breeds was used first two principal components that correspond to 8.31 % (PC1) and 5.40 % (PC2) of variability conserved within all of animals in analysis. As can be seen in Figure 1 the level of genetic differentiation within and among breeds determined by the PCA analysis was only low. This was confirmed by the Nei's genetic distances (DA=0.211±0.031) and FST index (FST=0.036±0.004) as well. Both of this parameters pointed out to high genetic similarity between Slovak Spotted and Brown Carpathian cattle (DA=0.176; FST=0.031), while the higher genetic differentiation was found between Brown Carpathian and Slovak Pinzgau cattle (DA=0.238; FST=0.038). 
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Figure 1. Genetic relationships among analysed breeds based on principal component analysis

Each of applied approaches in this study revealed high genetic similarity among analysed breeds that is in accordance to previous studies. For example GLAZKO et al. (1996a) found that the genetic structure of the highland group of Pinzgau cattle was similar to that of Brown Carpathian breed with respect to biochemical genetic systems, mainly transferrin and amylase-I loci. It is thought that the similarity found may be accounted for by close ecological and geographical breeding conditions of the groups of cattle studied. Vice-versa BERDICHEVSKIĬ et al. (1992) presented that the Brown Carpathian is genetically most similar to Swiss cattle. Moreover, this authors showed that the Brown Carpathian had unique traits of the genetic structures mostly in case of the erythrocyte antigens B-system. Comparative analysis of genetic structure of Brown Carpathian cattle and other local breeds bred in Carpathians regions performed by GLAZKO et al. (1996b) demonstrated that Brown Carpathian breed formed a single cluster and were readily distinguishable from thoroughbred Swiss cattle. Originally, the Swiss breed participated in forming the gene pool of Brown Carpathian cattle. MASHUROV et al. (1993) suggested that the selective advantage of some gene associations including the loci of the biochemical genetic systems could be a specific characteristic of the Brown Carpathian breed compared to other genetically related breeds (MASHUROV et al., 1993).
With respect to the genetic diversity the analysis didn’t showed significant loss of variability within evaluated breeds. The mean number of alleles (7.273±0.354) was comparable with previous studies in dairy as well as dual-purpose breeds (HANSEN et al., 2002; MACHADO et al., 2003; ŠIDLOVÁ et al., 2014). The effective number of alleles ranged from 3.583±0.273 (Slovak Spotted) to 3.917±0.302 (Slovak Pinzgau). Relatively higher level of polymorphic information content of loci in population of Slovak Pinzgau cattle compared to others revealed also the Shannon's information index (from 1.436±0.067 to 1.548±0.072). The significant decrease of heterozygosity due to higher intensity of relatives mating wasn’t found. Expected heterozygosity and gene diversity clearly indicated the higher proportion of heterozygotes (Ho = 0.712, He = 0.718±0.012) and sufficient level of genetic diversity within each breed. The low impact of inbreeding confirmed the Wright's FIS index (FIS = 0.015±0.008) as well. The highest proportion of alleles unique to a single population showed Slovak Pinzgau cattle (Figure 2).
[image: image2.wmf]Figure 2. Allelic patterns within analysed breeds (Na Freq. >= 5% – number of different alleles with a frequency higher than 5 %; Ne – effective number of alleles; I - Shannon's Information Index; No. Private Alleles – number of alleles unique to a single population; He – gene diversity)
Conclusion and recommendation
The results of this study confirmed high genetic similarity among local breeds originating from western part of Carpathians mainly as a consequence of close ecological and geographical breeding conditions as well as common breeding history due to the implementation of similarly breeds in order to improve their production performance. But the analysis also indicated that state of genetic variability within and across analysed local breeds is sufficient to maintain genetic diversity in the future. Obtained results also indicated that the microsatellites still provide valuable basis for the development of conservation strategies especially in situation where genealogical information are not available. However, the future application of high-density SNP genotyping array would be beneficial to examine the proportion of genetic admixture and gene flow among analysed local breeds at more detailed level.
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