Additional file 12. Description of genes under divergent selection identified by Rsb and XP-EHH approaches.

A total of four genomic regions, located on OAR1, OAR6 and OAR16, were identified by Rsb and XP-EHH approaches:

OAR1 - A number of known genes, in addition to uncharacterised loci, were located in the region of OAR1 putatively under selection (LEKR1, TIPARP, SSR3, KCNAB1, GMPS, SLC33A1, PLCH1, and MME). Some of them have been associated with morphological and growth traits (LEKR1, TIPARP, SSR3, KCNAB1) and/or with haematological traits related with metabolism and immunity (LEKR1, TIPARP, SSR3, GMPS, SLC33A1, PLCH1, MME). In addition, for SLC33A1, Gene Ontology points to an involvement in BMP (Bone Morphogenetic Protein) signalling, with the Bone Morphogenetic Protein Receptor 1B (BMPR1B) interestingly being among the candidate genes in the large selection signature on OAR6 (26.50 - 41.65 Mb). Moreover, TIPARP has been involved in oxygen and glucose deprivation-induced neuronal injury [1].

OAR6 - The region 26.50 - 41.65 Mb on OAR6 included a large number of characterised and uncharacterised loci (71). Among the characterised genes, LCORL clearly appeared as one of the most relevant genes, based on the vast literature on its effects on growth, body size and conformation traits in human [2, 3], sheep [4, 5, 6], goats [7, 8], cattle [9, 10, 11], pigs [12], horses [13, 14, 15], donkeys [16], dogs [17], chickens [18], rabbits [19]. Moreover, a possible role for LCORL neighbouring genes cannot be excluded given the frequent pleiotropic nature of the association signals/QTLs detected in the genomic region including LCORL [20]. In the ovine species, Liu et al. [21] detected, in the region 35 - 35.2 Mb on OAR6, selection signatures in South African Mutton Merino, a dual-purpose sheep breed whose primary selection goal is meat production, with significantly higher body weight and growth rate compared to the wool-type Merino breeds. In Chinese Merino, by using the OvineSNP50 array, He et al. [22] detected a ROH hotspot in the OAR6 region spanning 35 - 38.67 Mb. In a large population of Australian sheep genotyped with the high-density 600K ovine array, Al Kalaldeh et al. [23] robustly identified significant association signals with parasite resistance in the region between 34.7 and 39.2 Mb on OAR6. Signatures of selection were also identified in the intervals 36.6 - 36.9 and 37.2 - 38.6 Mb of OAR6 by Gutiérrez-Gil et al. [24] using a cross-population extended haplotype homozygosity (XP-EHH) approach performed between Merino (Australian Industry Merino, Australian Merino and Australian Poll Merino) and the coarse-wool Churra population. Also, in Australian Merino sheep, genotyped using the medium-density array, Al-Mamun et al. [25] detected 13 significant SNPs that were associated with birth weight on OAR6, spanning the interval 36.1 and 38.6 Mb.
Other interesting genes in the 26.50 - 41.65 Mb region of OAR6 were: NCAPG, encoding for a subunit of the condensing complex, responsible for the condensation and stabilisation of chromosomes during meiosis and mitosis, also identified as a prognostic biomarker of immune infiltration in various cancer types [26]; BMPR1B, renowned to be associated with litter size in sheep [27, 28]; PDLIM5, encoding for a cytoskeleton-related protein playing an important role in regulating cell proliferation, differentiation and cell fate decision in multiple tissues and cell types; MED28, also suggested as participating in cellular signalling to the actin cytoskeleton; FAM13A, characterised as an hypoxia-inducible gene [29]; KCNIP4, encoding for an integral subunit component of oxygen-sensitive potassium channels [30]; and the members of the HERC family of ubiquitin ligases (HERC3, HERC5, and HERC6), emerging as key components of a wide range of cellular functions, including neurodevelopment, DNA damage repair, cell growth and immune response [31]. Notably, HERC3 has been involved in UVB-induced cellular senescence in vitro [32] and dairy cattle milk somatic cell score [33]. HERC5 has been involved in antiviral response [34, 35], similarly to HERC6 [36]. The latter gene product has been also shown to be modulated by interferon [37] and to be associated with feed efficiency in beef heifers [38]. All the three HERC proteins have been detected as having various roles in innate and acquired immune response mechanisms and associated with resistance to gastrointestinal parasites in Australian sheep [23]. Among the genes with a role in immune response, also SLIT2, HPGDS, LAP3 (also involved in blood pressure regulation) and SPP1 (alias osteopontin, known to have multiple functions in developmental processes, immunological responses during inflammation and wound healing, and bone mineralization) were identified. Finally, the MEPE gene plays a role in bone mineralization and bone mass, encoding for a secreted calcium-binding phosphoprotein.
In the region 43.75 - 46.70 Mb on OAR6, 25 loci were detected. Out of them, the PPARGC1A gene, also known as PGC1alpha, has repeatedly been proven to have functions in growth, carcass traits, and meat quality in different livestock species [39, 40, 41, 42]. The gene is a transcription coactivator that interacts with multiple transcription factors involved in controlling energy metabolism, lipogenesis, and muscle fiber differentiation [43]. In Chinese sheep, Zhang et al. [44] reported its involvement in the nutrient sensing system by increasing the mitochondrial biogenesis as a consequence of metabolic adaptation to the frequent fluctuations of food availability. Jiao et al. [45] referred that PPARGC1A has a regulatory impact on adaptive thermogenesis in cold-exposed fat-tail sheep. For this gene, Sweet-Jones et al. [46] suggested a strong putative selection signature relating to a local adaptation in Welsh upland sheep breeds using sequencing data.
Within the same genomic region, other genes are also included, mainly involved in metabolic pathways and immune response (PI4K2B, ANAPC4, RBPJ, STIM2). PI4K2B is implicated in the phosphatidylinositol signalling system, promoting a fundamental role in pathogen recognition and activation of innate immunity [47]. Another gene involved in the immunity pathway, ANAPC4, also seems to have an important role in cell mediated immunity within the Class I MHC mediated antigen processing and presentation on the cell surface to cytotoxic T lymphocytes. ANAPC4 has also been found to be associated with carcass traits in Korean beef cattle using a GWAS approach [48]. The RBPJ gene is a crucial downstream effector of the “Notch signalling” pathway that is involved in cell proliferation, apoptosis, and the maintenance of stem cells [49]. In the literature, RBPJ has also been reported as a key gene for hair follicle differentiation and development in Merino sheep [50]. The STIM2 gene, encoding the protein stromal interaction molecule 2, is an important regulator of intracellular Ca2+ concentration and myogenesis [51, 52]. Interestingly, STIM2 is linked to various human cellular disorders and also associated with the development and function of regulatory T cells [53]. Other authors found this gene being associated with muscle growth in Brazilian Nelore beef cattle [54].

OAR16 - In the region 28.70 - 35.35 Mb on OAR16, 34 known genes were detected under putative selection. Some of them had been associated with immunity (EMB, CCL28, SEPP1, FBOX4, C6, C7, C9, PTGER4, FYB1), metabolic traits (PRKAA1), morphogenesis and morphological traits (FGF10, GHR). Among them, the most noteworthy are GHR and PRKAA1.
The GHR gene, encoding a member of the type I cytokine receptor family, is a transmembrane receptor for growth hormone. In human, GHR mutations have been associated with Laron syndrome, a hereditary disorder leading to diminished growth hormone (GH) and phenotypically characterised by short stature [55]. GHR is an important growth-related gene affecting meat production and its quality, as well as reproduction traits [56, 57, 58]. For instance, Wang et al. [56] highlighted the importance of GHR on meat production and quality of German Mutton Merino sheep. GHR has been associated with hypoxic adaptability and growth traits in Tibetan sheep living at high altitude [59, 60]. Recently, it has been recognised as a potential candidate gene for heat tolerance in sheep [61] and goats [62].
The PRKAA1 gene encodes the alpha1 subunit of the AMP-activated protein kinase (AMPK), which represents the central metabolic switch responsible for maintaining energy homeostasis in response to nutrient and intracellular energy levels alterations [63]. In Tibetan sheep, Zhang et al. [64] identified a set of candidate genes, including PRKAA1, directly associated with pathways related to hypoxia responses. PRKAA1 is also involved in sheep follicular [65] and testicular [66] development.
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