Asmae Kandoussi A-B 
  
Ismaïl Boujenane 
  
Mohammed Piro 
  
Daniel Petit 
email: daniel.petit@unilim.fr
  
  
mtDNA genetic characterization of an isolated sheep breed in South of Moroccan Atlas

Keywords: Sheep, Blanche de Montagne breed, Genetic Variability, Mitochondrial DNA, Control Region, Phylogeny

The present study aims to investigate the genetic variability of the Blanche de Montagne breed (=Siroua sheep). The genetic variability was assessed by the analysis of a 628 bp fragment in the mtDNA of the control region from 32 unrelated animals. Sequence comparison revealed 44 polymorphic sites, of which 16 were parsimony informative and 28 were singletons. Haplotype diversity and nucleotide diversities were 0.970 and 0.013, respectively, indicating a correct level of diversity. A total of 24 haplotypes were distinguished and phylogenetic analysis detected two maternal lineages (haplogroups B and C) with a predominance of haplogroup B. Neutrality tests indicated a demographic expansion of the breed in the past. Network analysis suggested a strong genetic structure of the breed and displayed a low level of inbreeding.

Introduction

In Morocco, there is a great diversity of domestic sheep since there are more than 12 breeds well adapted to local environment. Some breeds have a well-defined standard and are recognized by the public authorities [START_REF] Boujenane | Between-and within-breed morphological variability in Moroccan sheep breeds[END_REF], the others are composed of non-standardized populations that mainly include the Atlas Mountain sheep [START_REF] Boujenane | Les ressources génétiques ovines au Maroc[END_REF], and especially the Blanche de Montagne breed (BLM). This breed plays an important economic role for local human populations who depend essentially on family and pastoral farming. First, this breed affords meat for the Ouarzazate region, much appreciated for its excellent nutritional and organoleptic characteristics.

Second, it is renowned for the quality of its wool, used by women in the making of carpets appreciated in national and international levels. The importance of this breed leads the authorities to make large efforts to label the meat under the name of "Agneau Siroua", and the carpets under the name of "Tazenakht carpet" (MAPM, 2014;Migrations & Développement, 2018). The characteristics of the BLM breed were incompletely defined [START_REF] Jannoune | Caractérisation morpho-biométrique de la race "Blanche de Montagne[END_REF]. [START_REF] Kandoussi | The origin of sheep settlement in Western Mediterranean[END_REF] studied the origin of this breed and its genetic relationships with the other breeds of Morocco.

Its location in Siroua massif in the south slope of Atlas makes it geographically isolated from the rest of Moroccan breeds, i.e. the oasis dwelling D'man and the other ones spread in the north of Atlas. As a consequence, it is expected that the BLM is genetically isolated and further present signs of inbreeding with a low genetic diversity and dominance of a few number of haplotypes. Otherwise, as this breed is exposed to harsh environment conditions, it can be predicted that the animals show hallmarks of natural selection at the level of molecular genetic markers. This last view could be reinforced by the human selection toward its wooly character. Thus, the objective of the current study was to test the above hypotheses using mtDNA control region sequencing. The results of this study may be useful and important for the future breeding programs and management plans of this small endangered population.
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Material and methods

Blood sampling, DNA extraction, PCR and sequencing

Blood samples were taken from the jugular vein of 32 animals sampled from 13 flocks (2 to 3 unrelated animals per flock), and stored in EDTA tubes. Total genomic DNA was extracted using an alkaline lysis method. For details about PCR and sequencing conditions, see Supplementary data table 1 and our previous paper [START_REF] Kandoussi | The origin of sheep settlement in Western Mediterranean[END_REF].

Statistical analyses

The obtained sequences were corrected and aligned using MEGA v.10.0 [START_REF] Kumar | MEGA X: molecular evolutionary genetics analysis across computing platforms[END_REF], resulting in 628 bp available for further treatments. Diversity parameters and neutrality tests, Fu and Li F*, Fu and Li D*, Fu Fs, and Tajima's D were calculated with the DNAsp v.5 [START_REF] Librado | DnaSP v5: a software for comprehensive analysis of DNA polymorphism data[END_REF]. Genetic distances were calculated using MEGA v.10.0. In order to visualize the relationship between haplotypes, the generated matrix of genetic distances was used to perform a detrended correspondence analysis (DCA) using PAST v.2.17 [START_REF] Hammer | PAST: paleontological statistics software package for education and data analysis[END_REF]. The phylogenetic tree was constructed using the Maximum Likelihood (ML) method implemented in MEGA v.10.0, according to Hasegawa-Kishino-Yano model with Gamma distribution (5 discrete categories). The network analysis was performed using NETWORK v.5.0.0.1 [START_REF] Bandelt | Median-joining networks for inferring intraspecific phylogenies[END_REF].

Results and discussion

After excluding ambiguous sites, the analysis of the 32 sequences showed a total of 44 polymorphic sites (S), of which 16 were parsimony informative (P) and 28 were singletons (Sg), leading to the formation of 24 different haplotypes. The most common one (Hap20) appeared in five samples, followed by haplotype 17 in three samples, and haplotypes 8 and 12 in two samples each. The overall haplotype diversity (Hd), nucleotide diversity (π) and the average number of nucleotide differences (K) were 0.97, 0.0133 and 6.20, respectively. The observed haplotype diversity (Hd) is comparable to those reported for Iberian, Polish and Egyptian sheep breeds [START_REF] Koseniuk | Mitochondrial control region diversity in Polish sheep breeds[END_REF][START_REF] Othman | Genetic characterization of Egyptian and Italian sheep breeds using mitochondrial DNA[END_REF][START_REF] Pedrosa | Mitochondrial diversity and the origin of Iberian sheep[END_REF]Pereira et al., 2006) and greater than Tibetan and Indian breeds [START_REF] Chen | Origin, genetic diversity, and population structure of Chinese domestic sheep[END_REF][START_REF] Arora | Mitochondrial DNA diversity in Indian sheep[END_REF]. With respect to nucleotide diversity (π), the BLM showed a similar level of variability comparatively to Chinese, and Egyptian breeds [START_REF] Chen | Origin, genetic diversity, and population structure of Chinese domestic sheep[END_REF][START_REF] Othman | Genetic characterization of Egyptian and Italian sheep breeds using mitochondrial DNA[END_REF]. However, this diversity was lower comparatively to breeds of Nepal [START_REF] Gorkhali | Mitochondrial DNA variation in indigenous sheep (Ovis aries) breeds of Nepal[END_REF] as a result of multiple maternal lineages.

In summary, the BLM breed has a correct level of genetic diversity. Second, the copy number of the majority haplotype was found to be low, representing less than 10% of the total.

The phylogenetic tree, constructed with 24 haplotypes, showed that the BLM breed is divided into two distinct groups: 23 haplotypes (31 individuals) belong to the haplogroup B and one (haplotype 2) to haplogroup C (Figure 1). Among the sequences linked to haplogroup B clade, the phylogenetic tree highlighted 6 groups of sister sequences in the haplogroup B and 3 unrelated haplotypes (7, 12, and 21). The most basal (ancestral) haplotype group among haplogroup B contains the haplotypes 1, 3 and 9 (purple background). The network analysis provides results largely in agreement with those obtained from the phylogenetic analysis (Figure 2). The haplotype group gathering the haplotypes 1, 3 and 9 occupied an intermediate position between the haplogroup C branch and the remaining haplotypes of haplogroup B. The group containing the reference sequence of haplogroup B is at the center of the star-shaped branches that bear the different groups of haplogroup B. The network does not present a linear shape constructed from the dominant haplotypes, meaning that the BLM shows a low level of relatedness between animals. Indeed, the BLM showed a strong genetic structure with a star-like shape, a view supported by DCA analysis (Figure 3), calculated from the number of pairwise differences among haplotypes (Supplementary data S2). The group in purple background is at the top of the other groups of haplotype B, while the haplotype 2, linked to haplogroup C, is in the top right corner. There is only one discrepancy compared to the two previous approaches as the group formed of 22-24 haplotypes is somewhat scattered. In conclusion, the different approaches reject the hypotheses of genetic erosion and inbreeding.
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With regard to neutrality tests, the BLM breed revealed significant negative values of Fu and Li's F* (-3.016) and D (-2.943) (P<0.05), almost of Fu's Fs test (-13.2) (p<0.001). However, the estimated Tajima's D test showed non-significant negative value (-1.766) (0.1>p>0.05). The frequency spectrum of mutation provided by Fu and Li D* and F* and Tajima tests supports a growth or range expansion of the breed, or/and a background selection [START_REF] Fu | Statistical tests of neutrality of mutations against population growth, hitchhiking and background selection[END_REF]. The hypothesis of natural selection due to harsh conditions and of human selection in favor of the wool character cannot be excluded.

Genome wide sequencing approaches should be useful to detect the suspected selection.

Conclusion

This sheep population plays a crucial role in social maintenance and economic activities in rural isolated zones of Atlas Mountain. This work provides a newly information about the genetic profile and structure of the breed and indicates a considerable level of genetic diversity. This genetic data could be the corner stone for future programs of conservation, and improvement of this breed, leading to a source of income and saving for small and landless local farmers. Pereira, F., Davis, S.J., Pereira, L., McEvoy, B., Bradley, D.G., Amorim, A., 2006. Genetic signatures of a Mediterranean influence in Iberian Peninsula sheep husbandry. Mol. Biol. Evol. 23, 1420-1426. https://doi.org/10.1093/molbev/msl007 The haplotype groups ppare the same as in figure 1.
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