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Extreme climate change may lead to a decline in biodiversity and species extinction. And it also results in different population structure and genetic diversity of sheep. Therefore, studying the effects of extreme climate change on the distribution pattern of sheep is of great value. We used Illumina Ovine SNP 50K BeadChip to study the sheep around in southern Xinjiang of China, living around the Taklimakan Desert. Among them, 6 sheep breeds were from Xinjiang, China, and 3 sheep breeds were from other countries (Indian, Iran and Bangladeshi). We examined their genetic diversity and population structure and Genes related to year-round estrous in sheep were obtained by selective sweep. The principal component analysis, Admixture and Neighbor-Joining tree showed that a distinct pattern of population structure was observed in 9 sheep breeds. The candidate genes related to year-round estrous were ZO2, IGF1, TSHB and DLG1, and the candidate genes related to sheep reproductive performance were BMP4, LRP8, NF1, and INSL3. This study contributes to a better understanding of the genetic structure and population history of sheep populations in the Taklimakan Desert environment, as well as the regulatory mechanisms of year-round estrous in sheep in the desert environment, which has important implications for the global livestock industry to cope with the challenges of rapidly changing climate and to explore important economic traits.
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1. Introduction

Sheep have played an important economic and cultural role in the history of human development, not only as a source of human food and ancillary products, but also in the spread of human farming civilization (Deniskova et al., 2018). The geomorphology of southern Xinjiang in China is complex, with the Southern Tianshan Mountains in the north and the Karakoram Mountains in the south, forming an obliterated ring, and the Taklimakan desert is in the east, forming sand touch arid climate. The Taklimakan Desert is a warm temperate arid desert with sufficient light, little precipitation and large temperature difference between day and night. Under the extreme environmental conditions, part of the native sheep in Southern Xinjiang have the characteristics of strong stress resistance, high reproductive capacity and perennial estrous, such as Duolang sheep and Yecheng sheep. The average lambing rate of Duolang sheep is about 130%. Duolang sheep is the main local breed with both meat and fat in Kashgar area of Xinjiang. The average lambing rate of Yecheng sheep is 121.04%, and the central producing area is located in Yecheng County on the western edge of Taklimakan Desert. Both Duolang sheep and Yecheng sheep have excellent genetic characters such as prolific and year-round estrous. Therefore, studying the origin and evolution of sheep, and the advantages of its formation in extreme environments will not only help to understand its breed formation process, but also help to deal with the future challenges of animal husbandry under extreme environmental changes.

Although the native sheep in Southern Xinjiang have many excellent production traits due to its diverse ecosystem (Ma et al., 2019). Many sheep breeds still remain in the state of self-breeding by farmers, which leads to the lag of breeding work and a small number of offspring. Now it is necessary to selectively intervene the breeding work through genomic selection technology, so that the excellent production traits sheep can be better inherited to future generations. Compared with traditional selection methods, genomics can be evaluated at an early stage with higher accuracy (Hayes et al., 2012). Illumina Ovine SNP 50K BeadChip has been widely used in the study of sheep genetic diversity, genetic relatedness and the exploitation of important economic traits (Deniskova et al., 2019; Paim et al., 2021), which allows us to have a deeper understanding of the origin, scale and economic traits of sheep in the process of domestication, as well as understanding the differentiation and intra-breed variation of sheep (Hiendleder et al., 2002). Using Ovine SNP 50K BeadChip, Kijas found that 74 sheep breeds in the world contained high genetic diversity, indicating that domestication occurred on a wide genetic basis; Gene selective sweep revealed 31 regions containing genes for fur pigmentation, growth and reproduction (Kijas et al., 2012). Lv analyzed the Ovine 50K BeadChip data of SNPs from 32 ancient local sheep breeds living in different environments around the globe, and detected 230 SNPs that were selected by environmental selection pressure (Lv et al., 2015). The estrous character of sheep is mainly affected by the factors such as light, temperature and genes. As a result, the majority of sheep in the world are seasonal estrous breeds (Thimonier, 1981; Wayne et al., 1989). Zhang confirmed that FGF3, DNM2 and USP25 were associated with annual estrous in sheep by comparing sheep breeds with different traits (Zhang C. L. et al., 2022). The year-round estrous sheep can break through the restrictions of seasonal breeding, and the production performance is much better than that of seasonal estrous sheep, which can greatly improve the production efficiency. It is of great significance to explore the year-round estrous character of sheep in desert environment by using Ovine SNP 50K BeadChip.

In this study, the Zhang C. L. et al., 2022 Ovine SNP 50K BeadChip was used to analyze the genomes of nine sheep breeds from China, India, Bangladeshi, and Iran. The genetic background, genetic characteristics and genetic mechanism of year-round estrous of native sheep breeds in Taklimakan Desert were studied. Identifying the interspecific genetic structure of Xinjiang native sheep and understanding their genetic differentiation can help prevent the loss of genetic resources of sheep under the changing climate extremes, develop strategies to protect endangered breeds and develop new varieties in a targeted way.



2. Materials and methods


2.1. Animal care

This work was conducted in accordance with the specifications of the Ethics Committee of Tarim University of Science and Technology (SYXK 2020-009).



2.2. Animal samples

We used 341 samples of nine sheep breeds from China, India, Bangladeshi and Iran (Table 1). To be specific, we used five sheep breeds from Xinjiang, China, inculding 46 Duolang sheep (DUL), 48 Bayanbroek sheep (BYK), 46 Tashkurgan sheep (TSK), 50 Yecheng sheep (YEC), 45 Kazakh sheep (HSK) and 24 Tibetan sheep (TIB) from Tibet, China. The blood samples were all from ewes. The data of 24 Deccani sheep (IDC) from Indian, 34 Moghani sheep (MOG) from Iran, and 24 Bangladesh Carole (BGA) from Bangladeshi, were included in this study. The data of IDC, MOG, TIB and BGA was from International Sheep Genomics Consortium (ISGC)1.



TABLE 1 Information on the location of five sheep breeds in Xinjiang, China.
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2.3. DNA extraction and genotyping

Blood samples were collected using the Dried Blood Spots (DBS), and NucliSens easyMag instrument was used to extract DNA. The DNA of all samples was quantified by agarose gel electrophoresis and Nanodrop ND-2000 (Thermo Scientific) and the concentration of gDNA was adjusted to 50 ng/μL. Genome-wide amplification was then performed on all samples. The gDNA was fragmented, precipitated, and resuspended in a hybridization buffer after 20–24 h of amplification at 37°C. The resuspended DNA fragments were loaded onto the chip and hybridized for 16–24 h by incubation at 48°C. After hybridization, non-specific binding DNA was removed by washing, and the remaining specific binding sites were extended by a single base. After staining, the genotype files were scanned by Illumina iScan Reader.



2.4. Quality control

Plink V. 1.90 (Purcell et al., 2017) software was used for quality control and unqualified SNP sites were eliminated. The quality control criteria of this study were as follows: (1) individual detection rate > 0.95, (2) SNPs detection rate > 0.95, and (3) Hardy–Weinberg equilibrium (HWE) p value ≥10−6.



2.5. Genetic diversity

Plink V. 1.90 software was used to calculate the observed heterozygosity (HO), expected heterozygosity (He), minor allele frequency (MAF) and inbreeding coefficient.



2.6. Principal component analysis

The genotypic data after quality control was subjected to PCA analysis using GCTA (Yang et al., 2011) software, which identified the main components representing population structure based on genetic correlations among individuals.



2.7. Evolutionary tree/gene tree construction

The ontogenetic distances and evolutionary relationships of the five sheep breeds were represented by an adjacency evolutionary tree. The VCF2Dis V. 1.092 was used to calculate the P distance matrix, and then the NJ-tree was constructed by ATGC: FastME3 program, and the drawing was done by network tool iTOL (Letunic and Bork, 2021).



2.8. Admixture

Genetic admixture calculations were performed using Admixture (Alexander et al., 2009). In the Admixture analysis of all populations, an Admixture analysis was performed for K values ranging from 2 to 8.



2.9. Genome-wide selective sweep

The fixation index (Fst) analysis was performed on the SNP data of YEC and DUL (year-round estrous), and BYK and TSK (seasonal estrous), to analyze the trait of year-round estrous in sheep under an extreme environment. The snp data of DUL and YEC were, respectively, analyzed by Pi to provide information for sheep breeding against future changeable extreme environment. Fst is used to measure the degree of population differentiation and can reflect the level of species population differentiation. This method is suitable for selective signal detection of multiple populations and as follows:

[image: image]

Where, MSG is the mean square of error within the population, MSP is the mean square of error between the populations, and nc is the average sample size between the populations after correction. By using a sliding window with a window size of 50 Kb and a sliding step size of 25 Kb, the Fst value of each sliding window SNP is calculated. Vcftools was used to calculate the Fst value for each window, and then CMplot was used to plot Manhattan. In both analyses, the top 1% was considered as selection footprints.



2.10. Enrichment analysis of candidate genes

The Pi and Fst results were selected for intersection analysis, with annotations referencing the sheep genome Ovis Oar_v4.0. Gene functional annotation was performed referencing the NCBI databases4 and OMIM database.5 The g:Profiler6 was used for autosomal enrichment of candidate genes for GO and Reactome/KEGG pathway analysis.




3. Results


3.1. SNP statistics

After genotypic quality control, there was carried out on the SNPs of 341 sheep used in the experiment. After the unqualified SNPs were removed, there were 45,139 informative SNPs in these nine sheep breeds population.



3.2. Genetic diversity

Results of genetic diversity indices for sheep breeds in this study were given in Table 2. The observed and expected heterozygosity ranged from 0.1806 (TSK) to 0.3988 (MOG) and 0.2880 (TIB) to 0.3693 (MOG), respectively. Inbreeding coefficient ranged from −0.08 (HSK) to 0.4557 (TSK), and minor allele frequency ranged from 0.2101 (TIB) to 0.2780 (MOG).



TABLE 2 The observed heterozygosity (HO), expected heterozygosity (He), minor allele frequency (MAF), and inbreeding coefficient in each population.
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3.3. Principal component analysis

PCA results showed that all Xinjiang indigenous sheep breeds could be well distinguished from other sheep breeds (Figure 1). At PC1 and PC2 levels, BGA, MOG and IDC come together and the remaining sheep breeds come together. TIB and TSK extend outwards and were partially mixed, distinguished from other sheep breeds. At all three levels, Xinjiang indigenous sheep breeds are clustered together, with some parts of the YEC extending outward.

[image: Figure 1]

FIGURE 1
 Principal component analysis of nine sheep breeds. The analysis was performed for the first two components (C1 and C2) (A), for the first and third component (C1 and C3) (B) and for the second and third component (C2 and C3) (C).




3.4. Admixture

The Admixture result showed that the sheep in the Tarim Basin had different ancestral components from those in other countries (Figure 2). IDC, MOG and BGA had unique genetic backgrounds different from Chinese indigenous sheep. HSK, BYK, DUL and YEC had similar genetic backgrounds. When K = 2–8, TSK had different genetic backgrounds from other Xinjiang sheep breeds. When K = 3, 4, and 7, TSK and TIB had similar genetic backgrounds.

[image: Figure 2]

FIGURE 2
 Admixture analysis of nine sheep breeds. Results for inferred numbers of clusters k = 2–8 were shown. Different colors represent different ancestral components.




3.5. Neighbor-Joining construction

To further investigate the genetic structure of nine sheep breeds, we constructed Neighbor-Joining tree for all individuals. The results showed that Neighbor-Joining tree could separate sheep breeds from China and other countries according to geographical distance. It can be clearly observed that BYK can be divided into two populations, and the genetic distance from TIB and HSK was relatively close. YEC and DUL have the closest genetic distance, which was consistent with the results of PCA and Admixture (Figure 3).

[image: Figure 3]

FIGURE 3
 The result of Neighbor-Joining tree of nine sheep breeds. The indigenous sheep breeds in Xinjiang can be distinguished from those in other countries, and the relationships of YEC and DUL are closest.




3.6. Selective sweep

The Fst values were calculated, and the Fst values were arranged in descending order (Figure 4A). The first 5% was regarded as the significant window, and a total of 953 genes were obtained. The enrichment results of the KEGG pathway of the candidate genes and their relationship were shown in Figure 4B. We identified some genes associated with perennial estrous and reproduction in sheep by GO analysis and pathway enrichment combined with references. For example, TSHB and ZO2 regulate circadian rhythms, IGF1 regulates GnRH expression, and all play important roles in the estrous cycle. DLG1, BMP4 and NF1 are important candidate genes for increasing litter size in sheep. NYAP1 and INSL3 play a role in follicular development, ovulation and luteal formation. The Pi results of YEC and DUL showed that 526 and 523 genes were obtained, respectively, under the last 5% threshold, and 60 and 66 genes were obtained by intersection with Fst results (Figure 5). GO analysis was performed on the candidate genes obtained by the intersection (Figure 6).

[image: Figure 4]

FIGURE 4
 Fst detection results of four sheep breeds. (A) The red line represents the 5% threshold line. (B) Enrichment results of candidate gene pathways.
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FIGURE 5
 Pi analysis results of YEC and DUL. The intersection with Fst results obtained 66 (A) and 60 (B) genes, respectively.
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FIGURE 6
 Selective sweep gene GO analysis at the last 5% threshold of YEC (66) and DUL (60). (A) GO analysis was performed on 66 candidate genes obtained by selective sweep of YEC, and they mainly focused on molecular function, protein binding and ion binding. (B) GO analysis was performed on 60 candidate genes obtained by selective sweep of DUL, and they mainly focused on anatomical structure morphogenesis, plasma membrane bounded cell projection and cell projection.





4. Discussion

Sheep belong to Artiodactyla, Bovidae, Capovinae and Ovis in zoological taxonomy, and the origin of sheep has been controversial. Ovis gmelinii, Ovis ammon, and Ovis vignei, which are generally believed to be distributed in Eurasia, are most closely related to domestic sheep (Hiendleder et al., 2002), among which Ovis gmelinii is considered to be the most likely ancestor of domestic sheep. Therefore, in order to reveal the origin of sheep breeds around Tarim Basin, we selected sheep breeds from the Asian mainland for analysis. Our results showed that the level of genetic variability around Tarim Basin was comparable to that demonstrated in other worldwide populations (Dossybayev et al., 2019; Adeniyi et al., 2022). However, they had high levels of inbreedingcoefficient, indicating an urgent need to establish a conservation program to reduce inbreeding and increase genetic diversity. Through the population structure, we have observed that the genetic distance between Xinjiang native sheep and other sheep was far away. Chinese indigenous sheep were classified geographically and morphologically into three groups: Mongolian, Kazakh, and Tibetan. The population structure showed that the germplasm resources of all sheep breeds in southern Xinjiang were close to each other, which was obviously different from other sheep breeds of other countries. PCA and N-J tree can distinguish sheep breeds in different regions according to geographical distance. The Admixture results showed that TIB and TSK may be the ancestral groups of sheep in Xinjiang. These results suggested that Xinjiang in China may also have been the first place to domesticate sheep (Wei et al., 2015). The population structure showed that DUL and YEC were closely related and had similar ancestral components. The results of N-J tree revealed that DUL and HSK were separated, which was consistent with the results of Wei’s study on 10 native sheep breeds in China (Wei et al., 2015). Studies have also shown that the genetic background of domestic sheep, especially Western sheep, is similar to that of Ovis ammon polii living in Xinjiang, suggesting that domestic sheep may have originated from Ovis ammon living in the Pamir Plateau, rather than Ovis gmelinii.

DUL and YEC are geographically close to each other in the desert environment, and have good traits such as strong stress resistance, multiple parities and year-round estrous. Given the increasing threat of climate changes, the effective conservation of local genetic resources for livestock has become urgent. It is of great significance to understand the mechanism of year-round estrous, as an important and unique trait to DUL and YEC, on the genomic level.

Breeding activities are carried out under short day conditions, which is one of the important factors limiting the production efficiency of sheep (Ebling, 2010). Most sheep in the world are in seasonal estrous. However, DUL and YEC living in the desert environment have the trait of year-round estrous, which may be caused by the longer light time in the desert environment. DUL and YEC live in the area with the longest sunshine duration in China, which can reach 2,550 to 3,300 h a year. Sheep estrous is a very complicated physiological process (Habeeb and Anne Kutzler, 2021). After receiving light stimulation, the retina of sheep converts it into nerve impulse to promote the pulsing release of gonadotropin-releasing hormone (GnRH) in the hypothalamus, thus promoting the secretion of follicle-stimulating hormone (FSH) and luteinizing hormone (LH) in the pituitary gland and acting on the gonadal axis (Chen et al., 2017; Voliotis et al., 2019; Zhang C. L. et al., 2022). The modality of hypothalamic–pituitary-gonadal (HPG) axis affects reproductive function in animals, especially the regulation of the estrous cycle (Schaub et al., 2008). Zonula occludens protein 2 (ZO2) is an important protein that makes up the blood-cerebrospinal fluid barrier and regulates its permeability. The photo period regulates the expression of ZO2 and thus the permeability of the barrier, thereby inducing the reproductive activity of sheep (Lagaraine et al., 2011). For example, short periods of light can cause a surge in ZO2, but longer periods of light can decrease the ZO2 protein and increase the permeability of the blood-cerebrospinal fluid barrier, allowing high concentrations of proteins (progesterone, estradiol, and leptin) to enter (Lagaraine et al., 2011). Thyroid stimulating hormone (TSH) plays a role in controlling thyroid structure and metabolism, and is required for endogenous shifts in the seasonal reproductive state of animals 21 (Pierce and Parsons, 1981). The expression of thyroid Stimulating Hormone Subunit Beta (TSHB) in the pituitary can induce the expression of deiodinase 2 (DIO2), which ultimately stimulates the release of GnRH and triggers long-term photoinduced seasonal reproduction, which may be associated with year-round estrous (Huang et al., 2013). Insulin-like growth factor 1 (IGF1) also plays an important role in regulating many hormones that are critical to the reproductive system (Miller and Gore, 2001). As a regulator of reproductive neuroendocrine, IGF1 is believed to play a role in regulating GnRH release, including follicular growth and ovulation, and is an important candidate gene for influencing sheep fertility (He et al., 2012).

The periodic increase in the level of related hormones in the body is a crucial part of year-round estrous. The FSH and LH secreted by the pituitary reach the ovary along with the blood circulation to stimulate follicle development and maturation, and further produce E2, and eventually lead to ovulation (Zhang J. et al., 2022). Subsequently, under the action of LH, ovarian granulosa cells become luteinized and secrete progesterone, and the hypothalamus pituitary gland is negatively feedback, and the body enters a hypoestrous period. Discs Large MAGUK Scaffold Protein 1 (DLG1) is expressed at a high level in oocytes and granulosa cells, which can regulate the activation of primordial follicles in the Hippo signaling pathway and increase the birth rate, and is an important candidate gene for increasing the litter size of sheep (Hernández-Montiel et al., 2020). LDL receptor related protein 8 (LRP8) is widely present in mammalian ovarian granulosa cells and luteal cells, and can control follicular growth and development and ovulation (Fayad et al., 2007) The expression of follicular bone Morphogenetic Protein 4 (BMP4) was significantly higher in FecB carrying sheep, indicating their importance in governing the fecundity in FecB carrier (Goyal et al., 2017). As an important candidate gene for increasing the number of lambs in Texel sheep, neurofibromin 1 (NF1) plays an important role in follicular genesis and the development of LH signaling (Xu et al., 2018). Different expression levels of neuronal tyrosine phosphorylated phosphoinositide-3-Kinase adaptor 1 (NYAP1) in sheep may contribute to increased reproductive rate by regulating target genes related to the oxytocin signaling pathway (Miao et al., 2016). Insulin Like 3 (INSL3) and its receptor relaxin Family Peptide Receptor 2 (RXFP2) were expressed in ovarian luteal cells, and INSL3 showed cyclic changes in the estrous cycle, and the change pattern was consistent with that of estrogen, both increased after luteal lysis, and then sharply decreased after LH surge and may play an important role in sheep year-round estrous (Satchell et al., 2013).

The year-round estrous is the result of a complex, multi-system, multi-gene collaboration. It is regulated by the HPG axis and is closely related to hormone levels in the body. The results of Fst showed that many genes related to perennial estrous can affect the regulation of HPG axis and hormone levels in animals, so as to show year-round estrous. These genes may also be important candidate genes for influencing litter size in sheep.
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https://www.sheephapmap.org


2   
https://github.com/BGI-shenzhen/VCF2Dis
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