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Abstract 
In the present study, the polymorphisms of gonadotropin-releasing hormone receptor 
(GnRHR) gene were analysed as a genetic marker candidate for litter size in 720 individuals 
from Shaanan goats (SG) and Boer goats (BG). Two alleles (A and C), two observed genotypes 
(AA and AC), and single nucleotide polymorphisms (SNPs) were detected. The frequencies of 
alleles A and C in two goat breeds were 0.78-0.82 and 0.18-0.22, respectively. The SNP locus 
was in Hardy–Weinberg disequilibrium in two goat breeds (P<0.05). In addition, comparisons 
between the nucleotide sequences of AA and AC genotypes showed one mutation (T>A) at 
exon 2. The results showed that AA genotype was associated with better litter size in SG and 
BG breeds. Therefore, these results suggest that GnRHR gene is a strong candidate gene that 
affects litter size in goats.
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Zusammenfassung
Neue Einzelnukleotid-Polymorphismen des GnRHR-Gens und 
deren Assoziation mit der Wurfgröße bei Ziegen 

In der vorliegenden Studie wurden die Polymorphismen des Gonadotropin-releasing 
hormone receptor (GnRHR) Gens in 720 Ziegen der Rassen Shaanan und Boer als Genmarker 
Kandidat für die Wurfgröße untersucht. Zwei Allele (A und C), zwei beobachtete Genotypen 
(AA und AC) und Einzelnukleotid-Polymorphismen wurden entdeckt. Die Frequenzen der 
Allele A und C in den beiden Ziegenrassen waren 0,78-0,82 und 0,18-0,22. Der SNP-Locus 
befand sich im Hardy-Weinberg-Ungleichgewicht in beiden Rassen (P<0.05). Vergleiche 
zwischen den Nukleotidsequenzen von AA und AC Genotypen zeigten eine Mutation (T>A) 
bei Exon 2. Im Ergebnis kann der AA Genotyp mit einer besseren Wurfgöße in Verbindung 
gebracht werden. Das GnRHR-Gen könnte daher ein starkes Kandidatengen sein, dass die 
Wurfgröße von Ziegen beeinflusst.
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Introduction 
In animal industry, reproductive traits of animal are always of primary concern during 
breeding for its determinant economical value. However, improvement of reproductive traits 
in goat by traditional selective breeding has proved to be difficult due to the low heritability 
for litter size (An et al. 2010). The candidate gene approach, employed in identifying the 
polymorphisms in genes likely to cause phenotypic variation based on physiological and 
biochemical evidence, could accelerate the improvement of goat reproductive traits. With 
the development of candidate genes and comparative mapping approaches, some major 
genes affecting important economic traits in sheep have been successfully identified such 
as the bone morphogenetic protein receptor-IB gene which is described as the successful 
proof of an association between a candidate gene and litter size (Wilson et al. 2001, Mulsant 
et al. 2001).

Gonadotropin-releasing hormone receptor (GnRHR) is a member of the rhodopsin-like 
G protein-coupled receptor (GPCR) family and predominantly couples the Gq/11 family of 
G proteins in various cellular environments (Stojilkovic et al. 1994). GPCRs are characterized 
structurally as seven transmembrane-spanning helices, linked by consecutive extracellular 
and intracellular loops, and bearing an extracellular amino-terminal domain, which may be 
glycosylated, and a cytoplasmic carboxyl-terminal tail, which may be palmitoylated. In general, 
the extracellular domains and/or transmembrane regions are involved in the formation of 
the ligand-binding pocket, whereas the cytoplasmic regions present sites for interactions 
with G proteins and other intracellular regulatory proteins (Stojilkovic et al. 1994, Sealfon et 
al. 1997). GnRHR binds with high affinity to GnRH on pituitary gonadotropes to stimulate 
release of the gonadotropic hormones; luteinizing hormone (LH) and follicle-stimulating 
hormone (FSH) that in turn regulate production of gametes and gonadal hormones (Naor 
2009). The interaction of GnRH and its receptor is a critical event in the endocrine control of 
reproduction. The GnRHR is expressed in the pituitary, the gonads, and the hypothalamus 
(Huang et al. 2001, Ikemoto & Park 2005, Rhee et al. 2008). Since the GnRHR occurs in the 
gonads as well as in the pituitary, its effect might occur at the level of the ovary (Kang et 
al. 2001), possibly by affecting cell proliferation and apoptosis as suggested in mammals 
(Takekida et al. 2000). Until now, the association of GnRHR genetic variations with litter size 
has not been reported in goat. The GnRHR gene is associated with secretion of luteinizing 
hormone and follicle-stimulating hormone; therefore, it may be a potential candidate gene 
for litter size in goat. The objectives of this study were to search for SNPs of GnRHR gene and 
evaluate the associations between GnRHR polymorphisms and litter size.

Materials and methods 
DNA samples

All procedures involving animals were approved by Boer goat breeding centers and 
Shaanan Green Century Biology Development Company in Shaanxi Province, China. A total 
of 720 female goats were examined, including 430 Shaanan goats (SG) and 290 Boer goats 
(BG). Records of litter size for different goat breeds were collected for statistical analysis. 
Approximate 5 ml blood per goat was collected aseptically from the jugular vein and kept 
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in a tube containing anticoagulant ACD (10:27:38 Citric acid:Sodium citrate:C6H12O6). All 
samples were delivered back to the laboratory in an ice box. The genomic DNA was extracted 
from white blood cells using standard phenol-chloroform extraction protocol (Sambrook & 
Russell 2001, Muszyńska et al. 2010). The DNA samples were dissolved in TE buffer which was 
made from 10 mM Tris–Cl (pH7.5) and 1 mM EDTA (pH 8.0) and were stored at −20 °C for use.

PCR conditions

According to the sequence of sheep GnRHR gene (GenBank acc. no. L42937 and L43841), a pair 
of primers (F: 5-CCT ACA GTT ATA CAT CTT TGG GA-3, R: 5-GAG AAA TAC ATA CTG TGG GGA 
T-3) were designed to amplify 241 bp exon 2 of GnRHR gene. The 25 μL volume contained 50 
ng genomic DNA, 0.5 μM of each primer, 10× buffer (including 1.5 mM MgCl2), 200 μM dNTPs 
and 0.5 units of Taq DNA polymerase (MBI). The cycling protocol was 4 min at 95 °C, 35 cycles 
of denaturing at 94 °C for 30 s, annealing at 55.8 °C for 30 s, extending at 72 °C for 30 s, with a 
final extension at 72 °C for 10 min.

Single strand conformation polymorphism (SSCP) and DNA sequencing

PCR products (5 μl) were mixed with 5 μl denaturing solution (95 % formamide, 25 mM EDTA, 
0.025 % xylene-cyanole and 0.025 % bromophenol blue), heated for 10 min at 98 °C and 
chilled on ice. Denatured DNA samples were subjected to PAGE (80×73×0.75 mm) in 1× TBE 
buffer and constant voltage of 200 V for 3.5 h. The gel (29:1 acrylamide:bis) was stained with 
0.1 % silver nitrate (An et al. 2009). After the polymorphisms were detected, the PCR products 
of different electrophoresis patterns were sent to sequence in both directions in ABI 377 DNA 
Analyzer (Applied Biosystems, Foster City, CA, USA) and the sequences were analysed with 
DNAstar Lasergene 7.1 (Madison, WI, USA) and BBLAST (National Center for Biotechnology 
Information, Bethesda, MD, USA).

Statistical analysis

The genotypic frequencies, heterozygosity (He) and polymorphism information content (PIC) 
were calculated using cluster-analysis software v 1.2 (Poultry Research Institute, Yangzhou, 
China). Associations of the genotypes with litter size of goats were determined by the analysis 
of variance of quantitative traits using SPSS 16 (SPSS Inc., Chicago, IL, USA). The association 
analysis was done separate for each breed. Each trait was analysed using the multiple trait 
derivative-free restricted maximum likelihood (MTDFREML) computer programs (Boldman 
et al. 1995). Pedigrees of goats were traced back three generations to create the numerator 
relationship matrix. All analyses were done in two steps, first using a full animal model and 
then using a reduced animal model. The full animal model included fixed effects of marker 
genotype, parity, season of birth (spring vs. fall), sire, farm and random effects of animal (Ge et 
al. 2003). The reduced linear model was used in the final analysis and included with fixed effects 
was established and included effects of sire, dam within sire, as well as interaction between 
parity and genotype. The reduced model applied was: 

Yhlikm = µ+Sh+Dlh+Gi+Pk+(PG)ki+Ehlikm (1)

where Yhlikm is the trait measured on each of the hlikm-th animal, µ is the overall population 
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mean, Sh was the fixed effect associated with the h-th sire, Dlh was the fixed effect associated 
with l-th dam with sire h, Gi is the fixed effect associated with ith genotype, Pk is the fixed 
effect associated with the k-th parity, (PG)ki is interaction between the k-th parity and the 
ith genotype, and Ehlikm is the random error. An effect associated with farm and season 
of birth (spring versus fall) is not matched in the linear model, as the preliminary statistical 
analyses indicated that these effects did not have a significant influence on variability of 
traits in analysed populations. 

Results 
Polymorphisms of GnRHR gene in two goat breeds

According to international practice about the naming of SSCP patterns (Cerit et al. 2004, Gupta 
et al. 2009, Kulig et al. 2009), different SSCP patterns were named AA and AC genotypes, 
respectively (Figure 1). CC genotype was not detected because of a lower frequency. The alleles 
were named A and C, respectively. AA and AC genotypes were found in two goat breeds. 
Frequencies of A allele were 0.78 and 0.82, and frequencies of C allele were 0.18 and 0.22, and 
the PIC was 0.25 and 0.28, respectively in SG and BG breeds. Genotypic frequencies, He and the 
equilibrium χ2-test are shown in Table 1. The SNP locus was in Hardy-Weinberg disequilibrium in 
both breeds, respectively (P<0.05). The different SSCP patterns AA and AC of GnRHR gene exon 
2 amplified by the primer shown in Figure 1 were sequenced in both directions. Comparisons 
between both nucleotide sequences show one mutation (T>A) at exon 2.

Table 1
Genetic structure of GnRHR gene for different breeds

Breeds Observed  Genotypic Allelic   Equilibrium
 genotypes frequencies frequencies He PIC χ2-test
 AA  AC AA AC A C  
SG 240 190 0.56 0.44 0.78 0.22 0.34 0.28 5.81 (P<0.05)
BG 187 103 0.64 0.36 0.82 0.18 0.30 0.25 24.33 (P<0.05) 

Association of polymorphisms with litter size in two goat breeds

Litter size was analysed in SG and BG breeds. Sample size of AA genotype was 240 and 187 
goats, and that of AC genotype was 190 and 103 goats, respectively in SG and BG breeds. 
In SG breeds, the goats with AA genotype had greater litter size than those of AC genotype 

1, 2, 3, 4: AC genotype,  
5, 6: AA genotype 

Figure 1
SSCP analysis of PCR products 
using primer in two goat breeds
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(P<0.01) from the first to third parity. In BG breeds, the goats with AA genotype had greater 
litter size than those of AC genotype (P<0.01) at the second, third and fourth parity. In addition, 
the goats with AA genotype had greater average litter size than those of AC genotype (Table 
2). The rest of the records of litter size had no significant association. 

Table 2
Association of GnRHR genotypes with litter size (mean±SE) in SG and BG breeds 

Breeds Genotypes Sample 1st parity 2nd parity 3rd parity 4thparity Average
  size litter size litter size litter size litter size litter size

SG AA 240 1.67±0.03A 2.02±0.03A 2.12±0.02A 2.26±0.03A 2.02±0.01A

 AC 190 1.48±0.04B 1.79±0.03B 1.88±0.04B 2.12±0.04A 1.82±0.02B

BG AA 187 1.29±0.03A 1.80±0.04A 1.86±0.04A 2.01±0.04A 1.74±0.02A

 AC 103 1.37±0.05A 1.54±0.05B 1.66±0.05B 1.64±0.05B 1.55±0.03B

A,B,Cdifferent superscripts differ significantly at P<0.01

Discussion 
Gonadotropin-releasing hormone plays a critical role in the control of reproductive functions 
in mammals by stimulating the biosynthesis and secretion of the gonadoropins (luteinizing 
hormone, LH and follicle-stimulating hormone, FSH) from the pituitary (Kumar & Trant 2001, 
Kah et al. 2007). In the human genome, two forms of GnRH have been identified, GnRH-I 
(mammal GnRH) and GnRH-II (chicken GnRH II). Both forms and their common receptor are 
expressed, apart from the hypothalamus, in various compartments of the human ovary. 
Gonadal steroids, gonadotropins, and GnRH itself controls the regulation of the GnRH/GnRHR 
system gene expression in the human ovary (Cheng et al. 2001, Yeung et al. 2005, Metallinou 
et al. 2007). In addition, the GnRHR protein is known to be involved in different developmental 
and metabolic processes and different expression in some of them are responsible for ovarian 
diseases (Choi et al. 2006, Wilkinson et al. 2008). However, how they influence diseases is not 
exactly known. It is possible that the mutations influence sex hormone levels and this, in turn, 
leads to disease. Sun et al. (2008) reported two mutations (A50G and A101C) of GnRHR exon 
2 in DD genotype compared with CC genotype in Small Tail Han Sheep, and the goats with 
DD genotype had more litter size than those of CC genotype. Jiang et al. (2001) reported a F2 
population of Meishan × European Large White pigs was genotyped for a TG deletion/insertion 
in the promoter region of GnRHR gene, and a C/G substitution in the 3UTR (untranslated 
region). A significant association of the C/G substitution with the number of corpora lutea at 
first parity was observed. Dunn et al. (2004) found an additive effect of GnRHR gene on the 
number of double-yolked eggs (P<0.05) in one generation of a commercial broiler breeder 
hen population. Genetic variants within the GnRHR gene have been previously investigated as 
candidates for egg-laying traits in Chicken (Wu et al. 2007). Their results showed that GnRHR 
gene has a significant effect on reproduction. This study is a preliminary report on a novel SNP 
of GnRHR gene in 720 goats by PCR-SSCP and DNA sequencing methods. The present study 
revealed that polymorphisms of the GnRHR gene are significantly associated with litter size in 
SG and BG breeds, and showed that genotype AA might be associated with better litter size 
in both breeds. However, further analysis should be performed in order to validate both the 
association and the physiological significance of the mutation in the exon 2 of GnRHR gene.



Arch Tierz 54 (2011) 6, 618-624 623

Acknowledgements 
This study was supported by the National Modern Industrial Technological System Program 
of Meat Goat of China (No. nycytx-39). 

References 
An XP, Han D, Hou JX, Li G, Wang JG, Yang MM, Song YX, Zhou GQ, Wang JG, Ling L, Yan QM, Cao BY (2009) 

GnRHR gene polymorphisms and their effects on reproductive performance in Chinese goats. Small Rum 
Res 85, 130-134

An XP, Han D, Hou JX, Li G, Wang YN, Li L, Zhu GQ, Wang JG, Song YX, Cao BY (2010). Polymorphism of exon 
2 of FSHβ gene and its relationship with reproduction performance in two goat breeds. Agric Sci China 
2010, 880-886

Boldman KG, Kriese LA, Van Vleck LD (1995) A Manual for Use of MTDFREML. A Set of Programs to Obtain 
Estimates of Variances and Covariances. ARS USDA Washington DC, USA

Cerit H, Altınel A, Elmaz O, Avanus K (2004) Polymorphism Evaluation of Various Genomic Loci in the Kıvırcık 
Sheep Breed of Turkey. Turk J Vet Anim Sci 28, 415-425

Cheng KW, Chow BK, Leung PC (2001) Functional mapping of a placenta-specific upstream promoter for 
Human gonadotropin- releasing hormone receptor gene. Endocrinology 142, 1506-1516

Choi JH, Gilks CB, Auersperg N, Leung PC (2006) Immunolocalization of gonadotropin-releasing hormone 
(GnRH)-I, GnRH-II, and type-I GnRH receptor during follicular development in the human ovary. J Clin 
Endocrinol Metab 91, 4562-4570

Dunn IC, Miao YW, Morris A, Romanov MN, Wilson PW, Waddington D (2004) A study of association between 
genetic markers in candidate genes and reproduction traits in one generation of a commercial broiler 
breeder hen population. Heredity 92, 128-134

Ge W, Davis ME, Hines HCK, Irvin M, Simmen RCM (2003) Association of single nucleotide polymorphisms in 
the growth hormone and growth hormone receptor genes with blood serum insulin-like growth factor I 
concentration and growth traits in Angus cattle. J Anim Sci 81, 641-648

Gupta N, Pandey A, Malik G, Gupta SC (2009) Single nucleotide polymorphism (SNP) in growth hormone gene 
of Jakhrana, a prominent milk goat breed in India. Small Rum Res 81, 35-41 

Huang WQ, Yao BG, Sun LN, Pu RL, Wang L, Zhang RQ (2001) Immunohistochemical and in situ hybridization 
studies of gonadotropin releasing hormone (GnRH) and its receptor in rat digestive tract. Life Sci 68, 1727-
1734

Ikemoto T, Park MK (2005) Identification and molecular characterization of three GnRH ligands and five GnRH 
receptors in the spotted green pufferfish. Mol Cell Endocrinol 242, 67-79 

Jiang Z, Gibson JP, Archibald AL, Haley CS (2001) The porcine gonadotropin-releasing hormone receptor 
gene (GNRHR): genomic organization, polymorphisms, and association with the number of corpora lutea. 
Genome 44, 7-12

Kah O, Lethimonier C, Somoza G, Guilgur LG, Vaillant C, Lareyre JJ (2007) GnRH and GnRH receptors in metazoa: 
a historical, comparative, and evolutive perspective. Gen Comp Endocrinol 153, 346-364

Kang SK, Choi KC, Tai CJ, Auersperg N, Leung PC (2001) Estradiol regulates gonadotropin-releasing hormone 
(GnRH) and its receptor gene expression and antagonizes the growth inhibitory effects of GnRH in human 
ovarian surface epithelial and ovarian cancer cells. Endocrinology 142, 580-588

Kulig H, Kmieć M, Kowalewska-Luczak I, Andziak G (2009) Effect of Leptin Gene Polymorphisms on Milk 
Production Traits of Jersey Cows. Turk J Vet Anim Sci 33, 143-146.

Kumar RS, Trant JM (2001) Piscine glycoprotein hormone (gonadotropin and thyrotropin) receptors: a review 
of recent developments. Comp Biochem Physiol B Biochem Mol Biol 129, 347-355

Metallinou C, Asimakopoulos B, Schröer A, Nikolettos N (2007) Gonadotropin- releasing hormone in the ovary. 
Reprod Sci 14, 737-749



Zhou et al.: Novel single nucleotide polymorphism of GnRHR gene and their association with litter size in goats624

Mulsant P, Lecerf F, Fabre S, Schibler L, Monget P, Lanneluc I, Pisselet C, Riquet J, Monniaux D, Callebaut I, Cribiu 
E, Thimonier J, Teyssier J, Bodin L, Cognié Y, Chitour N, Elsen JM (2001) Mutation in bone morphogenetic 
protein receptor-IB is associated with increased ovulation rate in Booroola Mérino ewes. Proc Natl Acad Sci 
USA 98, 5104-5109

Muszyńska M, Szatkowska I, Grzesiak W, Dybus A, Zaborski D (2010) Two single nucleotide polymorphisms 
within bovine butyrophilin gene (BTN/HaeIII and BTN/SchI) and their association with milk performance 
traits in Jersey cattle. Arch Tierz 53, 501-509

Naor Z (2009) Signaling by G-protein-coupled Receptor (GPCR): Studies on the GnRH receptor. Front 
Neuroendocrinol 30, 10-29

Rhee JS, Seo JS, Raisuddin S, Ki JS, Lee KW, Kim IC, Yoon YD, Lee JS (2008) Gonadotropin-releasing hormone 
receptor (GnRHR) gene expression is differently modulated in gender types of the hermaphroditic fish 
Kryptolebias marmoratus by endocrine disrupting chemicals. Comp Biochem Physiol C Toxicol Pharmacol 
147, 357-365

Sambrook J, Russell DW (2001) Molecular Cloning: A Laboratory Manual, vol. 3, 3rd ed. Cold Spring Harbor 
Laboratory Press, New York, USA, 49-56

Sealfon SC, Weinstein H, Millar RP (1997) Molecular mechanisms of ligand interaction with the gonadotropin-
releasing hormone receptor. Endocr Rev 18, 180-205

Stojilkovic SS, Reinhart J, Catt KJ (1994) Gonadotropin-releasing hormone receptors: structure and signal 
transduction pathways. Endocr Rev 15, 462-499

Sun J, Chu MX, Chen HQ (2008) Polymorphism of GnRHR gene and its relationship with prolificacy of Small Tail 
Han sheep. J Agric Biotech 16, 230-236 [in Chinese]

Takekida S, Deguchi J, Samoto T, Matsuo H, Maruoo T (2000) Comparative analysis of the effects of 
gonadotropin-releasing hormone agonist on the proliferative activity, apoptosis, and steroidogenesis in 
cultured porcine granulose cells at varying stages of follicular growth. Endocrine 12, 61-67

Wilkinson SJ, Kucukmetin A, Cross P, Darby S, Gnanapragasam VJ, Calvert AH, Robson CN, Edmondson RJ 
(2008) Expression of gonadotrophin releasing hormone receptor I is a favorable prognostic factor in 
epithelial ovarian cancer. Hum Pathol 39, 1197-1204

Wilson T, Wu XY, Juengel JL, Ross IK, Lumsden JM, Lord EA, Dodds KG, Walling GA, McEwan JC, O'Connell AR, 
McNatty KP, Montgomery GW (2001) Highly prolific Booroola sheep have a mutation in the intracellular 
kinase domain of bone morphogenetic protein IB Receptor (ALK-6) that is expressed in both oocytes and 
granulosa cells. Biol Reprod 64, 1225-1235

Wu X, Li HF, Yan MJ, Tang QP, Chen KW, Wang JY (2007) Associations of Gonadotropin-Releasing Hormone 
Receptor (GnRHR) and Neuropeptide Y (NPY) Genes' Polymorphisms with Egg-Laying Traits in Wenchang 
Chicken. Agric Sci China 6, 499-504 

Yeung CM, An BS, Cheng CK, Chow BKC, Leung PCK (2005) Expression and transcriptional regulation of the 
GnRH receptor gene in human neuronal cells. Mol Hum Reprod 11, 837-842

Received 10 March 2011, accepted 31 August 2011.

Corresponding author:

Zhan Qin Zhou
email: zzqdr1958@tom.com 

No. 3 Taicheng Road, College of Animal Science and Technology, Northwest A&F University, Yangling, Shaanxi 
712100, China


