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ABSTRACT. Kisspeptins, the product of the KISS1 gene, play an 
essential role in the regulation of reproductive functions, acting 
primarily at the hypothalamic level of the gonadotropic axis. We 
detected polymorphisms of the goat KISS1 gene in 723 individuals 
from three goat breeds (Xinong Saanen, Guanzhong, and Boer) by 
DNA pooling, PCR-RFLP, and DNA sequencing methods. We cloned 
the promoter sequence of this gene and found it to share high similarity 
with that of the bovine KISS1 promoter. Six TATA boxes were found 
in the goat KISS1 promoter region. Two novel SNPs (g.2124T>A and 
g.2270C>T) were identified in the intron 1 of the KISS1 gene of all 
three goat breeds. The three goat breeds were in Hardy-Weinberg 
disequilibrium at g.2124T>A and g.2270C>T loci. The g.2124T>A and 
g.2270C>T loci were closely linked in the three goat breeds (r2 > 0.33). 
The g.2124T>A and g.2270C>T SNPs were significantly associated 
with litter size, and the C1 female goats had a larger litter size than 
did those with the other genotypes. These results extend the spectrum 
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of genetic variation of the goat KISS1 gene, which contributes to our 
knowledge of goat genetic resources for breeding programs. 
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INTRODUCTION

In livestock, litter size is the result of well-regulated interactions of endocrine and 
paracrine mediators. Genetic information, particularly for those loci that affect performance 
traits, is an important tool in breeding programs. Extensive research has been carried out 
on different prolific goat breeds to identify the genes involved in the control of litter size 
(Polley et al., 2009). Several candidate genes and their relationship with litter size in goats 
have been studied, such as the G protein-coupled receptor 54 (GPR54) gene (Cao et al., 
2011), cocaine-amphetamine-regulated transcript (CART) gene (Wang et al., 2011), kit li-
gand (KITLG) gene (An et al., 2012), bone morphogenetic protein receptor IB (BMPR-IB) 
gene (Chu et al., 2010) and so on.

The KISS1 gene encodes a family of neuropeptides called kisspeptins, which activate 
receptor G protein-coupled receptor-54 and play a role in the neuroendocrine regulation of 
GnRH secretion (Smith et al., 2005). Moreover, KISS1 neurons in the hypothalamus par-
ticipate in crucial features of reproductive maturation and function, such as brain-level sex 
differentiation, puberty onset and the neuroendocrine regulation of gonadotropin secretion 
and ovulation (Caraty et al., 2010). Kisspeptins are very potent elicitors of luteinizing hor-
mone (LH) and follicle-stimulating hormone (FSH) secretion in different mammalian species 
(Gottsch et al., 2004; Dhillo et al., 2005). Specifically in the female, the hypothalamic KISS1/
GPR54 system seems to operate as a central conduit for not only the negative but also the 
positive feedback regulation of gonadotropins, thereby playing a substantial role in the gen-
eration of the preovulatory surge of LH (Kinoshita et al., 2005; Smith et al., 2006). In sheep, 
KISS1 mRNA-expressing cells are found in the arcuate nucleus (ARC) and dorsallateral pre-
optic area, and both appear to mediate the positive feedback effect of estradiol to generate the 
preovulatory GnRH/LH surge (Smith et al., 2011). In addition to their prominent expression 
at hypothalamic levels, fragmentary evidence suggests that KISS1 and⁄or KISS1R mRNAs 
or proteins are also present in several peripheral reproductive tissues including the ovarie (de 
Roux et al., 2003), oviducts (Gaytan et al., 2007) and testes (Ohtaki et al., 2001). In good 
agreement, kisspeptin immunoreactivity has been observed in cycling human and marmoset 
ovaries, with prominent signals in the theca layer of growing follicles, corpora lutea, inter-
stitial gland and ovarian surface epithelium (Gaytan et al., 2009). KISS1 knockout mice are 
viable and healthy with no apparent abnormalities but fail to undergo sexual maturation. Mu-
tant female mice do not progress through the estrous cycle (d’Anglemont de Tassigny et al., 
2007). One novel nonsynonymous single nucleotide polymorphism (G54650055T) substitut-
ing one amino acid in kisspeptin (P110T) has been found to be statistically related to central 
precocious puberty in human (Luan et al., 2007). These findings indicate that the KISS1 
gene could be an excellent candidate gene for reproductive traits in humans and livestock. In 
view of the above considerations, the objectives of the present study were to determine the 
polymorphisms of the caprine KISS1 gene in three breeds and to investigate the associations 
between these genetic markers and litter size. 
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MATERIAL AND METHODS

Genomic DNA isolation and data collections

Blood samples were obtained from 723 goats belonging to three breeds: Xinong Saa-
nen (SN; N = 306), Guanzhong (GZ; N = 221) and Boer (BG; N = 196). They were reared 
in Qianyang, Zhouzhi and Liuyou counties of Shaanxi Province, respectively. All diets were 
based on alfalfa, corn silage, and a combination of concentrates including corn, soybean meal, 
and bone meal. Health, fertility and production records were maintained by the dairymen and 
veterinarians. The litter size from the first to fourth parity was obtained from production re-
cords. Five milliliters blood per goat were collected aseptically from the jugular vein and kept 
in a tube containing ACD anticoagulant (citric acid, sodium citrate and dextrose - 10:27:38). 
All samples were delivered to the laboratory in an ice box. The genomic DNA was extracted 
from white blood cells using a standard phenol-chloroform extraction protocol. All experi-
ments were performed in accordance with the National Institute of Health Guide for the Care 
and Use of Laboratory Animals.

Cloning and sequencing of KISS1 promoter 

Using the Primer software (version 6.0) and according to the bovine KISS1 gene 
(GenBank accession No. NW_003104427.1), one pair of primers was designed to amplify 
the goat KISS1 promoter (Table 1). The PCR products were separated on a 1.5% agarose gel, 
purified with the Gel Extraction kit (Tiangen, Beijing, China) and inserted into pMD19-T 
vector (TaKaRa, Dalian, China), according to provided protocols. The recombinant plasmid 
was then transformed into competent Escherichia coli JM109 cells. At least three positive 
clones were sequenced in both directions by Beijing Invitrogen Biotechnology Co. Ltd. 
(Beijing, China). Sequence analysis was performed with on-line BLAST, http://zeus2.itb.cnr.
it/~webgene/wwwHC_tata.html and http://www.cbrc.jp/research/db/TFSEARCH.

Primer	 Sequence (5ꞌ→3ꞌ)	 Gene region	 Amplicon (bp)	 GenBank accession No.	 Tm (°C)

KISS1-F1	 TTCACCTGGCTGACTTGT	 Promoter	 2069	 NW_003104427.1	 57
KISS1-R1	 ATACCTGTGGTTCTAGGATTC
KISS1-F2	 TGCAAAGCCGAGTGTGCAGG	 Exon 1	   594	 GU142847	 65
KISS1-R2	 TGAAGGCGGTGGCACAAAGG
KISS1-F3	 CCCGCTGTAACTAGAGAAAG	 Intron 1	   377	 GU142847	 51
KISS1-R3	 CATCCAGGGTGAGTGATACT

Table 1. Primer sequences for the goat KISS1 gene applied for screening polymorphisms and genotyping.

Tm = melting temperature.

SNP investigation and genotyping

On the basis of the caprine KISS1 gene sequence (GenBank accession No. GU142847), 
two pairs of primers were designed to amplify the exon 1 and partial intron 1 of the KISS1 gene 
(Table 1). Their optimal annealing temperatures are shown in Table 1. Herein, we screened them 
to identify SNPs of this gene by the pooled DNA sequencing method (Bansal et al., 2002). Five 
microliters 100 ng/μL DNA per sample were collected to create a DNA pool for each goat breed. 
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PCR products were sent to Beijing Genomics Institute (Beijing, China) to be sequenced in both 
directions. SNPs were detected using Chromas 2.31 and DNAstar 7.0 softwares.

The SNPs of the KISS1 gene were genotyped by polymerase chain reaction-restriction 
fragment length polymorphism (PCR-RFLP). The 25-μL reaction volume contained 50 ng 
genomic DNA, 12.5 µL 2X reaction mix (including 500 µM dNTPs, 20 mM Tris-HCl, pH 9, 
100 mM KCl, 3 mM MgCl2), 0.5 µM of each primer, and 0.5 U Taq DNA polymerase. The 
cycling protocol was 5 min at 95°C and 35 cycles of denaturation at 94°C for 30 s, annealing 
at X°C (Table 1) for 30 s, and extension at 72°C for 35 s, with a final extension at 72°C for 10 
min. PCR products (5 μL) of different primer pairs were mixed with 0.7 μL 10X buffer, 2.5 
U restriction enzyme (NEB, Ipswich, UK) and 3.8 μL sterile ddH2O, and then incubated for 
1.5 h at 37°C. The restriction enzymes used are shown in Table 2. Digestion products were 
subjected to 3.5% horizontal agarose gel electrophoresis. The agarose gels were stained with 
ethidium bromide, and the genotypes were then determined. 

Statistical analysis

Allelic frequencies, heterozygosity (HE) and polymorphism information content (PIC) 
were calculated using Popgene (version 4.0). Linkage disequilibrium (LD) was assessed by the 
SHEsis software (Shi and He, 2005). Statistical analysis was performed using the general linear 
model procedure of the SPSS 16 statistical software. The model applied was: Yiklm = µ + Ci + Bk 
+ (BC)ik+ Sl + Eiklm, where Yiklm is the trait measured on each of the iklmth animal, µ is the overall 
population mean, Ci is the fixed effect associated with the ith combined genotype, Bk is the fixed 
effect associated with the kth breed, (BC)ik is the interaction between the ith combined genotype 
and the kth breed, Sl is the fixed effect associated with the lth sire, and Eiklm is the random error. 

RESULTS 

SNP identification and genotypes

The 2069-bp fragment, including a 1962-bp fragment upstream from the start codon 
and a 107-bp fragment of exon 1 in the goat KISS1 gene, was amplified (Figure 1). The sequence 
of the KISS1 promoter was submitted to the National Center for Biotechnology Information 
(GenBank accession No. JX047312). A comparison with the bovine KISS1 5ꞌ-flanking 
sequence demonstrated a high degree of homology with approximately 88.59% nucleotide 
identity. The transcription factor binding sites of the KISS1 promoter region are shown in 
Figure S1. Six TATA boxes were found in the KISS1 promoter region (TCTATCACTG, 
CTGATACCAT, GGTCTATAGC, TCTATAGCTC, ATTATAGGCA, and ACTATATGGC) 
(Figure S1). Two SNPs (g.2124T>A and g.2270C>T) were genotyped in the three goat breeds 
(Figures 2 and 3). The g.2124T>A and g.2270C>T mutations were in intron 1 (GenBank 
accession No. JQ806381). At g.2124T>A and g.2270C>T loci, PIC was 0.36-0.37 in the three 
goat breeds. According to the PIC classification (low polymorphism if PIC value < 0.25, 
moderate polymorphism if 0.25 < PIC value < 0.50, and high polymorphism if PIC > 0.50), 
the goat breeds had moderate genetic diversity at g.2124T>A and g.2270C>T loci. Genotypic 
and allelic frequencies of the two SNPs are shown in Table 2. The SN and GZ breeds were in 
Hardy-Weinberg disequilibrium at the g.2124T>A and g.2270C>T loci (P < 0.05) (Table 2). 

http://www.geneticsmr.com/year2013/vol12-4/pdf/gmr2362_supplementary.pdf
http://www.geneticsmr.com/year2013/vol12-4/pdf/gmr2362_supplementary.pdf
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LD was estimated in these breeds to determine the linkage relationships between the two SNPs 
(Table 2). If r2 > 0.33, LD was considered strong (Ardlie et al., 2002). According to the results, 
both g.2124T>A and g.2270C>T loci were closely linked in the three goat breeds (Table 2).

Figure 1. PCR product of the promoter region of the goat KISS1 gene.

Figure 2. Electrophoresis patterns obtained after digestion with XmnI endonuclease at the g.2124T>A locus. Lane 
M = DNA marker; lanes 1 and 2 = TA genotype; lanes 3 and 6 = TT genotype; lanes 4 and 5 = AA genotype.

Figure 3. Electrophoresis patterns obtained after digestion with MwoI endonuclease at the g.2270C>T locus. Lane 
M = DNA marker; lanes 1 and 4 = CC genotype; lanes 2 and 5 = TT genotype; lanes 3 and 6 = TC genotype.
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Association and effects of combined genotypes

The associations of 7 combined genotypes of 2 loci with litter size are shown in Table 
3. In the first parity, the C1 female goats had greater litter size than did the C4, C6 or C7 goats 
(P < 0.05). In the second and third parity, the C1 female goats had larger litter size than did 
the C7 goats (P < 0.05). In the average parity, the C7 female goats had the smallest litter size 
compared to the C1 and C4 goats (P < 0.05), and the C1 female goats had larger litter size 
compared to the C4 goats (P < 0.05).

Locus	 Restriction enzyme				    Breed

				    SN	 GZ	 BG

g.2124T>A	 XmnI	 Genotype	 TT	 118	 85	 66
			   TA	 129	 91	 82
			   AA	   59	 45	 48
		  Allele	 T	 0.60	 0.59	 0.55
			   A	 0.40	 0.41	 0.45
		  HE		  0.42	 0.41	 0.42
		  PIC		  0.36	 0.37	 0.37
		  Equilibrium χ2 test		  P = 0.03	 P = 0.03	 P = 0.02
g.2270C>T	 MwoI	 Genotype	 TT	 122	 86	 81
			   TC	 125	 89	 87
			   CC	   59	 46	 28
		  Allele	 T	 0.60	 0.59	 0.64
			   C	 0.40	 0.41	 0.36
		  HE		  0.41	 0.40	 0.44
		  PIC		  0.36	 0.37	 0.36
		  Equilibrium χ2 test		  P = 0.01	 P = 0.01	 P = 0.55
LD of g.2124T>A and g.2270C>T		  r2		   0.63a	 0.71a	  0.52a

Table 2. Genotypic distribution and allelic frequencies of two SNP loci in the KISS1 gene.

SN = Xinong Saanen; GZ = Guanzhong; BG = Boer; LD = linkage disequilibrium; HE = expected heterozygosity; 
PIC = polymorphism information content. aStrong linkage disequilibrium (r2 > 0.33).

Genotype	 N	 1st parity	 2nd parity	 3rd parity	 4th parity	 Average
		  litter size	 litter size	 litter size	 litter size	 litter size

C1 (TTTT)	 209	  1.55 ± 0.05b	  1.85 ± 0.05b	  1.98 ± 0.05b	 2.08 ± 0.06	  1.86 ± 0.03b

C2 (TATT)	   29	 1.44 ± 0.11	 1.80 ± 0.11	 1.72 ± 0.12	 1.99 ± 0.12	 1.74 ± 0.06
C3 (TTTC)	   23	 1.28 ± 0.12	 1.67 ± 0.12	 1.76 ± 0.12	 2.23 ± 0.13	 1.73 ± 0.07
C4 (TATC)	 221	  1.40 ± 0.05a	 1.73 ± 0.05	  1.94 ± 0.05b	 2.02 ± 0.06	  1.77 ± 0.03c

C5 (AATC)	   26	 1.29 ± 0.16	 1.89 ± 0.16	 1.95 ± 0.16	 1.92 ± 0.17	 1.76 ± 0.09
C6 (TACC)	   22	  1.16 ± 0.12a	 1.61 ± 0.13	 1.94 ± 0.13	 2.02 ± 0.14	 1.68 ± 0.07
C7 (AACC)	 100	  1.31 ± 0.06a	  1.60 ± 0.06a	  1.70 ± 0.07a	 1.97 ± 0.07	  1.64 ± 0.04a

Table 3. Combined effect of two SNP loci on litter size (means ± standard errors) in SN, GZ and BG breeds.

Values with different superscripts in the same column differ significantly at P < 0.05. For breed abbreviations, see 
legend to Table 2.

DISCUSSION 

CdxA, CEPB, GATA-1, Sp1, and MZF1 play an important role in regulating gene 
expression (Grange et al., 1991; Merika and Orkin, 1993; Cram et al., 2001; Liu et al., 
2011), which can also be observed in the goat KISS1 promoter. In addition, TATA boxes 
(ATTATAGGCA and ACTATATGGC) were found in the goat and bovine KISS1 promoters. 
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Therefore, they may play a similar regulatory role in both cattle and goats. Both g.2124T>A 
and g.2270C>T loci were closely linked in the three goat breeds studied, which may be a result 
of selection. Selection during domestication and improvement can influence the LD level of a 
gene (Saunders et al., 2005), and selection aimed at alleles of a structural gene can significantly 
increase the LD level in the target gene region (Clark et al., 2004). The two SNP loci were in 
Hardy-Weinberg disequilibrium in the SN and GZ breeds (P < 0.05), which showed that the 
genotypic frequencies had been affected by selection, mutation or migration. So far, there have 
been some studies of the KISS1 gene as a candidate gene for reproductive traits in animals, which 
revealed that the KISS1 gene plays an important role in animal reproduction (Tomikawa et al., 
2010). Huijbregts et al. (2012) detected three SNPs (c.638insT, c.641C>G and c.645G>CA) in 
the 3ꞌ-UTR of the human KISS1 gene, and found that the c.645G>CA mutation was associated 
with central precocious puberty. Cao et al. (2010) showed an association between allele C 
of the 296 locus and allele deletion of the 1960-1977 locus in the KISS1 gene and larger 
litter size in Jining Grey goats. Hou et al. (2011) identified T2643C and 8-bp base deletions 
(2677AGTTCCCC) in intron 2 of the goat KISS1 gene, with T2643C showing significant 
effects on litter size (P < 0.05). Reproductive traits are complex quantitative traits involving 
multiple genes, loci and interactions, so it is important to analyze the combined effect of 
multiple genes or loci on reproductive traits. In the present study, the association between 
multiple loci and litter size from the first to the fourth parity was analyzed. The C1 female 
goats had larger litter size compared to those with other combined genotypes in average parity. 
Although two novel variants of the KISS1 gene do not concern the coding region, it is possible 
that they regulate the expression of the KISS1 gene. Sequences in the non-coding region can 
affect the mechanism of mRNA deadenylation and degradation (Xu et al., 1997; Nackley et 
al., 2006). Accumulating evidence further shows that central or peripheral administration of 
kisspeptin stimulates GnRH-dependent LH and FSH secretion in various mammalian species 
from rodents to humans (Gottsch et al., 2004; Navarro et al., 2005), suggesting that kisspeptin 
plays an essential role in governing reproductive functions throughout species. Biochemical 
and physiological functions, together with the results obtained in our study, indicate that the 
KISS1 gene could be used as a molecular breeding marker in goats. 

In conclusion, this study indicated that two SNPs may play an important role in litter 
size. The C1 female goats had a larger litter size than did those with other combined genotypes 
in average parity and could be used for the development of new breeds of prolific goats. 
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