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Introduction

The traits with the greatest financial impact on sheep production are ovulation rate (OR) and litter size (LS) [START_REF] Notter | Genetic aspects of reproduction in sheep[END_REF]. However, a classical selection based on polygenic quantitative approach for improving reproductive traits in sheep is difficult due to the sex-limited nature and low heritability of these traits [START_REF] Janssens | Genetic parameters for LS in sheep: natural versus hormone-induced oestrus[END_REF]. Therefore, breeding strategies based on genetic information obtained from molecular techniques and marker-assisted selection (MAS) have a high importance for improving reproductive efficiency [START_REF] El-Tarabany | Association analysis of polymorphism in KiSS1 gene with reproductive traits in goats[END_REF]. Genetic studies in sheep have indicated that OR and LS can be genetically regulated either by many loci, each having a minor effect, or alternatively by the action of single genes with major effect [START_REF] Drouilhet | Fine mapping of the FecL locus influencing prolificacy in Lacaune sheep[END_REF]. Several major genes controlling OR and LS, known as BMP15, BMPR1B, GDF9 and B4GALNT2 and so-called fecundity genes, have been discovered in various ovine populations so far, with numerous causative mutations identified [START_REF] Vinet | Genetic control of multiple births in low ovulating mammalian species[END_REF][START_REF] Abdoli | A review on prolificacy genes in sheep[END_REF]. When heterozygous, all these mutations increase OR and LS, but depending on the mutations and at the homozygous state, their effects may be opposite, from hyper-prolificacy to sterility. Moreover, particular inheritance patterns are observed for mutations carried by the X-linked BMP15 gene compared to mutations in the three other autosomal genes.

A further panel of loci, putatively implicated in reproduction physiology has been suggested as candidate fecundity genes. Among them, the kisspeptin G-protein coupled receptor (KISS1R/GPR54) is a major upstream regulator of neurons secreting gonadotropin releasing hormone (GnRH) and thus affects prolificacy [START_REF] Navarro | Neuroendocrine control by kisspeptins: role in metabolic regulation of fertility[END_REF]. Kisspeptins are extremely intense elicitors of luteinizing hormone (LH) and follicle-stimulating hormone (FSH) secretion in various mammalian species (retrieved from [START_REF] El-Tarabany | Association analysis of polymorphism in KiSS1 gene with reproductive traits in goats[END_REF]. This pathway has been considered as a key gatekeeper of pubertal development and reproductive function in mammals [START_REF] Popa | A KiSS to remember[END_REF].

Moreover, polymorphisms of KISS1R/GPR54 gene are reported in association with precocious or late sexual maturity traits in Chinese [START_REF] Feng | Association between sexual precocity and alleles of KISS1 and GPR54 genes in goats[END_REF][START_REF] Cao | Analysis on DNA sequence of GPR54 gene and its association with litter size in goats[END_REF] and Indian goat breeds [START_REF] Ahlawat | Association analysis of a novel SNP in GPR54 gene with reproductive traits in Indian goats[END_REF]. Two studies have also reported preliminary association between different alleles of GPR54 gene and high LS in prolific Chinese Hu and Small Tail Han sheep breeds [START_REF] Chu | Polymorphisms of KiSS-1 and GPR54 genes and their relationships with litter size in sheep[END_REF][START_REF] Tang | Association between polymorphism of GPR54 gene and litter size in Small Tail Han sheep[END_REF] [START_REF] Jowkar | The conservation of biodiversity in Iran: threats, challenges and hopes[END_REF]. More than twenty-seven distinctive breeds of sheep are distributed in a wide variety of habitats in Iran. They vary in their genetic potential for production traits including milk, meat, wool, disease resistance and fecundity. Although these breeds possess different performances regarding the fecundity traits, their overall performances are low [START_REF] Tavakolian | An introduction to genetic resources of native farm animals in Iran[END_REF]. Despite, many studies conducted on known fecundity genes in different breeds of Iranian native sheep (e.g., [START_REF] Abdoli | Association of BMPR-1B and GDF9 genes polymorphisms and secondary protein structure changes with reproduction traits in Mehraban ewes[END_REF]Zamani et al., 2015a,b;[START_REF] Ahmadi | Investigation of GDF9 and BMP15 polymorphisms in Mehraban sheep to find the missenses as impact on protein[END_REF][START_REF] Nadri | Novel mutation in exon 1 of the BMP15 gene and its association with reproduction traits in sheep[END_REF][START_REF] Eghbalsaied | Variant GDF9 mRNA is likely not the main cause of larger litter size in Iranian Lori-Bakhtyari, Shal, Ghezel, and Afshari sheep breeds[END_REF][START_REF] Talebi | Detection of single nucleotide polymorphisms at prolificacy major genes in the Mehraban sheep and association with litter size[END_REF], no already known prolific allele with a major effect has been reported. In a view of the importance of the KISS1R/GPR54 gene as a potential candidate gene for controlling reproductive traits in sheep, the objectives of this study were 1) to characterize the polymorphisms of GPR54 gene in indigenous breeds of Iranian sheep and 2) to evaluate the association of observed polymorphism with the reproductive traits.

Materials and methods

Animals, records and DNA isolation

A total of 156 Iranian sheep blood samples (5 ml per ewe) were collected from Mehraban (N=80), Shal (N=25) and their crosses with the Romanov Mehraban was the only group of the collected samples with LS (from 1 to 5 LS record/ewe) and lambs' birth weight (BW) records. LS was defined as the number of lambs born alive per lambing and was considered as the prolificacy trait of dams. These records were obtained between 2008 and 2016.

Accordingly, the information of maximum litter size (MaxLS) and average litter size (ALS) have been recorded for each Mehraban ewe.

The blood sampling procedure was in accordance with the ethical protocol of the Bu-Ali Sina University of Hamedan, Iran. Once collected, blood samples were delivered back to the laboratory in an ice box at 4°C. The genomic DNA was extracted from whole blood using the SinaClon kit (Sina Clon Co, Iran) and stored at -20°C.

Designing PCR primers

The Primer 3 online program [START_REF] Rozen | Primer3 on the WWW for general users and for biologist programmers[END_REF] was used to design PCR primers based on the ovine GPR54 gene sequence (GenBank No:

HM135393.1). Five pairs of primers were designed (Table 1) for the amplification of a 923 bp fragment located in the proximal 5′ UTR part of the first exon, a 850 bp fragment encompassing the coding part of the first exon and a part of the first intron, a 925 bp fragment with the exon 2, intron 2 and exon 3, a 321 bp fragment encompassing the exon 4, and finally a 257 bp fragment corresponding to the terminal part of the coding region of the exon 5.

PCR amplification

Polymerase Chain Reaction (PCR) was carried out in 20 μl reaction volumes with 50 ng genomic DNA by mixing 10 μl of Taq DNA Polymerase

Master Mix (cat no. A140303) made in AMPLIQON manufacturer in Denmark, 1 μl of genomic DNA, each of forward and reverse primers, 1 μl (10 pmoles/μl) and 7 μl distilled water. PCR was programmed as follows: initial denaturation at 95 °C for 5 min, followed by 35 cycles of denaturation at 95

°C for 1 min, annealing for 45 s (specific temperature shown in Table 1) and extension at 72 °C for 1 min. A final extension was performed at 72 °C for 10 min. The PCR products were controlled by electrophoresis on 0.7% agarose, visualized by ethidium bromide and photographed under UV light using a BTS-20.M gel documentation system (UVItec Ltd, UK).

Polymorphism screening by PCR-SSCP

Single-strand conformation polymorphism (SSCP) assay was performed on all samples as previously described [START_REF] Abdoli | Association of BMPR-1B and GDF9 genes polymorphisms and secondary protein structure changes with reproduction traits in Mehraban ewes[END_REF]. Four µl of each PCR product were mixed with 7 μL of SSCP gel loading dye (0.05% bromophenol blue, 0.05% xylene cyanol, 95% formamide, 20 mM EDTA).

After heat denaturation at 98 °C for 10 min, the samples were immediately chilled on ice to prevent hetero duplex formation and then run (22 h, 300 V, 5 °C) on 8% acrylamide:bis-acrylamide (29:1) gel, in 1x TBE buffer on a 21×22 cm gel casting vertical electrophoresis (Payapajoohesh Pars, Iran). DNA visualization was obtained by silver staining [START_REF] Sanguinetti | Rapid silver staining and recovery of PCR products separated on polyacrylamide gels[END_REF].

Validation of the PCR-SSCP assay

To evaluate the accuracy of the PCR-SSCP assay and to identify the polymorphisms leading the each SSCP pattern, selected PCR amplicons (n = 5

for each SSCP pattern) were randomly examined by DNA Sanger sequencing.

The primers used for sequencing were the same as those for the PCR reaction as illustrated in Table 1. The PCR products were sequenced by Bioneer Co., Korea. Sequenced reads were aligned against the sheep KISS1R/GPR54 gene (GenBank No: HM135393.1) using CLC Main Workbench Version 7.6.4

(www.clcbio.com) in order to assess for polymorphisms. Ultimately, potential effect of the missense mutations, in terms of the structure and function of the KISS1R protein, was predicted using PolyPhen-2 online software tool [START_REF] Adzhubei | A method and server for predicting damaging missense mutations[END_REF].

Statistical analysis

Genotypic frequencies of the four groups of animals were tested for Hardy-Weinberg equilibrium (HWE) using the POPGENE software (Version 1.31; [START_REF] Yeh | POPGENE. Version 1.31. Microsoft window-based freeware for population genetic analysis[END_REF]. Association analysis of the PCR-SSCP genotypes with the reproductive traits was only evaluated in Mehraban sheep. The statistical models used for analysis of four traits (LS, MaxLS, ALS and BW) were as follows for LS, MaxLS, ALS: Y ijmn = µ + Year i + Npart j + G m + e ijmn ; and

BW: y ijklmn = µ + Year i + LS j + Nlamb k + Sex l + G m + e ijklmn
In these models, y ijmn or y ijklmn are the phenotypic values of the studied traits; μ is the overall mean; Year i is the fixed effect of the ith year (nine years from

2008 to 2016) of the ewe parturition; Npart j is the fixed effect of the jth number of parturition (1, 2, 3 or 4); G m is the fixed effect of the mth genotype (patterns of A, B, C, D, E, F, G); LS j is the fixed effect of the jth litter size (1, 2 or 3); Nlamb k is the fixed effect of the kth number of lamb born in all parturition (1, 2 or 3); Sex l is the fixed effect of the lth sex of lamb (male or female); e ijmn and e ijklmn are random residual effects. While we admit that the animals were sampled from different flocks, we were not able to include the fixed effect of flock in the model due to limited records and the structure of data. The GLM procedure of SAS software (SAS Institute, 2004) was used for general linear model analysis and comparison of means.

Results

PCR amplification and SSCP analysis

Agarose gel analyses of the PCR products have confirmed the size of the five expected fragments (923 bp, 850 bp, 925 bp, 321 bp and 257 bp) amplified from the ovine KISS1R/GPR54 gene (Fig. 1).

The SSCP analysis of these fragments obtained from the four breeds revealed that only 3 of them were polymorphic. These corresponded to the 5′ UTR, exon 4 and exon 5 of KISS1R/GPR54 (Fig. 2). We have observed two different SSCP patterns, called pattern A and B (Fig. 2A), for the 5′ UTR Interestingly, all the SSCP patterns from C to G were present in the all four breeds studied.

In order to identify the polymorphisms that cause SSCP patterns, five random PCR samples from each SSCP pattern were sequenced. As shown in Fig. 3 and Table 2, the difference between SSCP patterns A and B was due to four SNPs located within the 5′ UTR fragment, named g.396T>G, g.456T>C, g.475C>A, and g.571A>C according to the 4263 bp sequence of the Table 2). Interestingly, this change was predicted as probably deleterious for the protein function using the Polyphen2 predicting tool (Fig. 4). The SSCP pattern C corresponded to the heterozygous form C/A, while the SSCP pattern D signed the homozygous reference form C/C. Concerning the exon 5, we have discovered two SNPs within this fragment, g.4108G>A and g.4123C>A (Fig. 3). These two SNPs were silent polymorphisms at the level of the protein sequence as indicated in Table 2 (p.357Ala>Ala and p.362Thr>Thr). The SSCP pattern E was associated to the homozygous form of the variant alleles (g.4108A and g.4123A), while the SSCP pattern F was the reference homozygous form (g.4108G and g.4123C). SSCP pattern G corresponded to the heterozygous form at the two SNPs here also considered as a haplotype.

Genotype frequency and allelic association with litter traits

Based on the SSCP patterns of the KISS1R/GPR54 fragments and their comprehensive genotypes we were able to establish the genotypic frequencies of the different variants in the four Iranian sheep breeds studied (Table 3).

Based on these data we have observed several deviations from the Hardy-Weinberg equilibrium of the genotype frequencies particularly at the 5′ UTR and exon 4 loci and for the four breeds. This may be explained by a lack of observed homozygous animals and also the small number of animal genotyped. At the exon 5 locus, only the pure breeds, Mehraban and Shal, showed such significant deviation (P < 0.01, Table 3).

The association study between genotypes and litter traits was done only using Mehraban breed data. We found no significant association for the SSCP pattern A (homozygous reference; g.396T/T, g.456T/T, g.475C/C, g.571A/A) and B (heterozygous; g.396T/G, g.456T/C, g.475C/A, g.571A/C) concerning polymorphisms located in the 5′ UTR of KISS1R/GPR54 gene (Table 4). In contrast, the C allele of the SNP g.3431C>A within the exon 4 (SSCP pattern D) had a significant increasing effect on LS (LS: 1.3 vs. 1.13, C/C vs. C/A, P=0.005, Table 4) and also on BW (BW: 3.92 vs. 3.84, C/C vs. C/A, P = 0.02, Table 4). Similarly, homozygous ewes with reference alleles (g. 4108G/G and g.4123C/C) at the exon 5 locus (SSCP pattern F) had significant (P < 0.01) higher LS and higher MaxLS than heterozygous (g.4108 G/A, g.4123 C/A) and homozygous variant ewes (g.4108 A/A, g.4123 C/C) (Table 4). Evaluation of the associations between different genotypes and average litter size (ALS)

showed no significant association even if we have observed a trend (P ≤ 0.1) with SNP of the exons 4 and 5 similar to that observed for LS (Table 4).

Discussion

Several researches have been performed to find the known alleles at major genes affecting OR and LS (e.g., BMP15/FecX I,H,B,G,L,R,Gr,O,Bar ;

GDF9/FecG V,E,NW,H,T ; BMPR1B/FecB B and B4GALNT2/FecL L ) in Iranian indigenous sheep breeds. While some other polymorphisms in these major genes were more or less associated with variation of LS or other related reproductive traits [START_REF] Abdoli | Association of BMPR-1B and GDF9 genes polymorphisms and secondary protein structure changes with reproduction traits in Mehraban ewes[END_REF][START_REF] Eghbalsaied | Simultaneous presence of G1 and G4 mutations in growth differentiation factor 9 gene of Iranian sheep[END_REF]Zamani et al., 2015a,b;[START_REF] Ahmadi | Investigation of GDF9 and BMP15 polymorphisms in Mehraban sheep to find the missenses as impact on protein[END_REF][START_REF] Nadri | Novel mutation in exon 1 of the BMP15 gene and its association with reproduction traits in sheep[END_REF][START_REF] Eghbalsaied | Variant GDF9 mRNA is likely not the main cause of larger litter size in Iranian Lori-Bakhtyari, Shal, Ghezel, and Afshari sheep breeds[END_REF][START_REF] Talebi | Detection of single nucleotide polymorphisms at prolificacy major genes in the Mehraban sheep and association with litter size[END_REF], no such a causal mutation has been confirmed so far.

There is therefore a lack of potential markers for genetic management of prolificacy in Iranian breeds. In this study, we have investigated a new potential candidate gene that may control ovine prolificacy, i.e. the KISS1R/GPR54 gene. This was the first exhaustive study conducted to investigate polymorphisms at the KISS1R/GPR54 locus in pure and Romanov crossbreeds of Iranian sheep.

In the present work, we have detected seven SNPs in the KISS1R/GPR54 gene located on ovine chromosomes 5 among the four studied Iranian breeds (Table 2). This gene displays numerous polymorphisms in livestock that have been associated with reproductive traits in cattle [START_REF] Chen | Polymorphisms in the 5' regulatory region of the GPR54 gene and their association with sexual maturity in cattle[END_REF], goat [START_REF] Feng | Association between sexual precocity and alleles of KISS1 and GPR54 genes in goats[END_REF][START_REF] Cao | Analysis on DNA sequence of GPR54 gene and its association with litter size in goats[END_REF][START_REF] Ahlawat | Association analysis of a novel SNP in GPR54 gene with reproductive traits in Indian goats[END_REF][START_REF] Othman | Genetic characterization of three fertility genes in Egyptian sheep and goat breeds[END_REF], sheep [START_REF] Chu | Polymorphisms of KiSS-1 and GPR54 genes and their relationships with litter size in sheep[END_REF][START_REF] Tang | Association between polymorphism of GPR54 gene and litter size in Small Tail Han sheep[END_REF][START_REF] Othman | Genetic characterization of three fertility genes in Egyptian sheep and goat breeds[END_REF], and pig [START_REF] Li | Characterization of the porcine kisspeptins receptor gene and evaluation as candidate for timing of puberty in sows[END_REF]. In ovine, [START_REF] Tang | Association between polymorphism of GPR54 gene and litter size in Small Tail Han sheep[END_REF] detected two mutations in the GPR54 gene in Small Tail Han and Corriedale sheep. The first one was a SNP (g.125A>G, GenBank No: HM135393.1) whose alleles were not associated with LS. The second one was a 5 bp deletion (g.163delTTCTT, GenBank No: HM135393.1) for which the homozygous non-carrier animals showed a significant increased LS by +0.66 (P < 0.05) compared to the deletion homozygous animals. This deletion represents a potential effective DNA marker to improve litter size in Small Tail Han sheep [START_REF] Tang | Association between polymorphism of GPR54 gene and litter size in Small Tail Han sheep[END_REF].

However, this polymorphism located in the 5'UTR of KISS1R/GPR54 was not evidenced in the 10 Iranian animals we sequenced for this region.

Nevertheless, in the same region we identified four SNPs, (g.396 T>G, g.456 T>C, g.475 C>A and g.571 A>C) already being referenced in the dbSNP database (rs160071719, rs421814026, rs400364529 and rs161872366, respectively) and known to segregate in various ovine populations and among them Iranian individuals (see, Population genetics in ensembl.org). Altogether, they created the two SSCP patterns A (homozygous reference; g.396T/T, g.456T/T, g.475C/C, g.571A/A) and B (heterozygous; g.396T/G, g.456T/C, g.475C/A, g.571A/C), but none had significant association (P > 0.05) with fertility traits such as LS, MaxLS and ALS or BW obtained from Mehraban ewes (Table 4).

In contrast, we identified three novel SNPs of the KISS1R/GPR54 gene within the coding region from exons 4 and 5 and in significant association 3431C>A [p.195Phe>Leu] predicted by PolyPhen2 is indicated as damaging with a score of 0.96 (Fig. 4). According to the sheep population genetics data available at ensembl.org, only the variant T allele is shared by many breeds including Iranian breeds. The A allele we evidenced presently seems specific to Mehraban, Shal and their crossbreeds. We established the genotypic and allelic frequencies of this locus but surprisingly it was not in Hardy-Weinberg equilibrium (Table 3), particularly in Mehraban breed where there is a deficit of homozygous A/A animals. The association analysis indicates that the minor allele g.3431A in the exon 4 has a significant negative effect on LS and BW, by reducing LS by -0.17 and BW by -0.08 (Table 4). Altogether, these results are a bundle of arguments in favor of the segregation of a causal mutation in the KISS1R/GPR54 gene affecting negatively the ovarian function and/or the intrauterine development of the embryo approximated by LS and BW.

Moreover, the lack of homozygous animals in the populations tested, could also indicate the presence of an embryonic lethal mutation and may reveal a negative impact of the homozygous g.3431A allele on the intrauterine development of the embryo. However, the validation of such hypothesis will need further work.

Two novel silent polymorphisms were further found at the end of exon 5 coding part. The g.4108G>A [p.357Ala>Ala] and g. 4123C>A [p.362Thr>Thr] (Table 2) were not referenced in dbSNP surely due to an apparent discrepancy in the reference ovine genome (OAR v3.1 and v4.0) with our working reference sequence of the KISS1R/GPR54 gene (GenBank No: HM135393.1).

Nevertheless, among the three SSCP patterns formed by these two SNPs (Table 4), the pattern F (homozygous reference; g.4108G/G, g.4123C/C) was significantly associated (P=0.007) with increased LS by +0.18 and +0.25, when compared to pattern G (heterozygous; g.4108 G/A, 4123 C/A) and pattern E (homozygous variant; g.4108 A/A, g.4123 C/C), respectively.

Likewise, pattern F showed +0.39 elevated MaxLS than patterns G and E (Table 4). These mutations are silent at the protein level, but could be in strong linkage disequilibrium with a causal mutation nearby, like the g.3431C>A in exon 4. However, a low correlation coefficient value (r 2 = 0.25) was estimated between g.3431C>A in exon 4 and SSCP patterns of exon5. Furthermore, it must be noted that, the sampled animals have been maintained under different managements and we cannot rule out the possible effect of the flock in evaluating observed associations.

Conclusion

We detected seven variants in the KISS1R/GPR54 gene, among which, g.3431C>A leads to an amino acid altering substitution p.195Phe>Leu with a significant effect (P < 0.01) on LS and BW traits in sheep. Beside its functional importance in controlling the reproductive function, our results provide additional evidence that the KISS1R/GPR54 gene is a promising candidate to develop marker-assisted selection to genetically improve prolificacy in sheep. In the precise case of the g.3431C>A marker, the strategy would be the reduction of the frequency of the unfavorable allele A in the Iranian sheep population in which it is segregating.

SQ wrote the manuscript. All authors approved the manuscript before submission. 
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Table 3

 3 Percentage of genotypic frequencies of identified SSCP variants among amplified fragments of sheep KISS1R/GPR54 gene (GenBank No: HM135393.1).

	Sheep Breeds

N, number of genotypes/variants in SSCP patterns; Χ 2 : The chi-square test; ND, no significant difference.

Table 4

 4 Association of the identified genotypes and variants of sheep KISS1R/GPR54 gene (GenBank No: HM135393.1) with reproductive traits in Mehraban sheep breed The means with same letter in each part of each column were not significantly different in Duncan's test at error level of 0.05. Seven SNPs were evidenced in ovine KISS1R/GPR54 gene among Iranian sheep breeds  Three novel SNPs lying in the coding region of ovine KISS1R/GPR54 gene were associated with prolificacy of Mehraban sheep  The SNP g.3431C>A leading to the amino acid altering variant p.195Phe>Leu could be considered as a causal mutation impairing sheep prolificacy.

	Locus name Genotype patterns	N=	LS	MaxLS	ALS	BW (kg)
		Pattern A (Homozygous reference) 51	1.28	1.37	1.14	3.9
		Pattern B (Heterozygous)	29	1.16	1.2	1.07	3.89
	5′ UTR						
		SEM		0.24	0.12	0.2	0.23
		P value		0.07	0.25	0.31	0.67
		Pattern D (C/C, reference)	41	1.3 a	1.4	1.15	3.92 a
		Pattern C (C/A)	39	1.13 b	1.21	1.06	3.84 b
	Exon 4						
		SEM		0.13	0.11	0.2	0.23
		P value		0.005	0.17	0.1	0.02
		Pattern G (heterozygous)	25	1.22 b	1.22 b	1.09	3.92
		Pattern F (homozygous reference)	33	1.4 a	1.61 a	1.21	3.96
	Exon 5	Pattern E (homozygous variant)	22	1.15 b	1.22 b	1.08	3.76
		SEM		0.24	0.12	0.19	0.23
		P value		0.007	0.007	0.09	0.53

N=: number of ewes at each genotype; LS: litter size; MaxLS: maximum litter size; ALS: average litter size; BW: birth weight; a,b : Highlights 
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Table 1

Primer sequence, amplified region, product size and annealing temperature used in analyses of sheep KISS1R/GPR54 gene (GenBank No: HM135393.1).