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Abstract 

Growth differentiation factor 9 (GDF9) has been shown to be involved in regulating follicular 

development and reproduction in many mammalian species. However, related information 

about the effect of the GDF9 gene on reproductive traits of New Zealand white rabbits was 

rarely reported. In this study, rabbits were distributed into two groups (poor and prolific 

offspring production) and cloning and quantitative real-time PCR (qPCR) were employed to 

characterize the rabbit GDF9 gene. By cloning, 2515-bp genomic DNA and 1359-bp cDNA 

sequences were obtained. Comparing the two cDNA sequences, three potential mutation sites 

(C.539C>T, C.562 G>C, C.718C>G) in exon 2 of the GDF9 gene were found, and the 

corresponding amino acids changed (P.183T>M, P.188E>Q, P.240L>V). The qPCR results 

revealed that GDF9 was not tissue-specific, but rather expressed in all collected tissues. The 

expression level of the GDF9 gene was highest in the ovary, and was significantly increased 

(P<0.05) compared with in other tissues. The liver had the second highest expression, and the 

heart and spleen had the least expression in New Zealand white rabbits. In the prolific group, 

the expression quantity of the GDF9 gene significantly increased (P<0.05) in the heart, 

spleen, ovary, liver, and uterus (P<0.01) than the other group. The amino acid sequence 

identities of human, sheep, goat, mouse, cattle, pig, cat, donkey, Nancy Ma's night monkey, 

and olive baboon were 72%, 68%, 69%, 66%, 69%, 71%, 67%, 73%, 75%, 73%, respectively. 

Bioinformatics analysis was executed, and a random coil was determined to be the primary 

secondary structure. 
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Introduction 

Growth differentiation factor 9 (GDF9) is an oocyte-derived factor that belongs to the TGF-β 

superfamily and exerts positive effects on granulose cell proliferation in many species, such 

as mice, rats, humans, and chickens (Juengel et al. 2004; Johnson et al. 2005). The GDF9 

gene was first identified as an oocyte-derived growth factor required for ovarian somatic cell 

function (Dong et al. 1996), and it is a growth factor secreted by oocytes in growing ovarian 

follicles (McPherron et al. 1993).  

Genes related to reproduction have a major impact on rabbit ovulation rate and litter size. 

Some reports showed that the GDF9 gene was an obvious candidate gene with a major effect 

on litter size in sheep (Davis et al. 2005). In human, a few new variants in the GDF9 gene 

have been identified, and the variants were significantly more common in mothers of 

dizygotic twins than controls (Palmer et al. 2006), Similarly, heterozygous ewe carriers of the 

FecGH (G, GDF9; H, high fertility) allele exhibit one to two additional ovulations compared 

with non-carriers, whereas homozygous mutant ewes are sterile (Hanrahan et al. 2004).  

Based on the important role of the GDF9 gene in reproduction, it is considered a potential 

candidate gene that promotes prolific mammalian reproduction.. The structure, expression, 

and function of the GDF9 gene in many mammals are extensively characterized (Johnson et 

al. 2005; Sendai et al. 2001). However, little is known about the physiological role and 

reproductive function of GDF9 in rabbits. For this reason, we performed a series of 

experiments to clone GDF9 DNA and cDNA sequences, and analyzed the expression patterns 

of GDF9 mRNA. 

Materials and Methods 

Animals and sampling 

Healthy female New Zealand white rabbits were from the Xuchang New Zealand rabbit plant 

in Yuzhou, Henan Province, China. Based on litter size, rabbits were divided into two groups: 

prolific (>8–10 pups) and poor (6–8 pups). Five female rabbits from each group were 

arbitrarily selected as samples. Tissues from seven organs including the heart, liver, spleen, 

lung, kidney, uterus, and ovary were collected and stored in liquid nitrogen, and then stored 
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at −80°C until RNA and DNA extraction. The care and management of experimental animals 

was in accordance with the College of Animal Science and Veterinary Medicine’s accepted 

welfare guidelines. 

Total RNA extraction  

Total RNA was extracted from different tissues using TRIzon Reagent (Kangwei, China). 

The concentration and purity of extracted RNA were determined by absorbance at 260 and 

280 nm in NanoDrop ND-2000 (Thermo, America). The integrity was assessed by 1.0% 

agarose gel electrophoresis with 100 V for 30 min. 

Cloning and Sequencing 

Three specific primers were synthesized by Shanghai Biological Engineering Co. LTD 

(Shanghai, China) to amplify the GDF9 gene (Table 1). The PCR products were analyzed by 

electrophoresis and then purified from agarose gel using a rapid DNA agarose gel recovery 

kit (Kangwei) and ligated to the pMD18-T vector (TaKaRa, Japan). DH5α competent cells 

(TaKaRa) were subjected to antibiotic selection and isopropyl-β-D-thiogalactopyranoside/X- 

gal blue-white screening. White colonies were cultured and identified by PCR amplification. 

Positive clones were chosen and sent to Shanghai Biological Engineering Co. LTD for 

sequencing. The obtained sequences and putative amino acid sequences were aligned by  

DNAMAN. 

Quantitative real-time PCR (qPCR) analysis 

The qPCR was used to measure the mRNA expression pattern of the GDF9 gene in different 

tissues on a Roche LightCycler® 96 (Roche Diagnostics, Switzerland). The GAPDH gene 

was used as the reference gene. Reverse transcription was performed with equal quantities of 

total RNA (1 μg). The obtained cDNA was diluted to 1:5 with diethyl pyrocarbonate and 

used as a template for qPCR. Two specific primers (Table 1) were used to amplify a 172-bp 

PCR product for the GDF9 gene and a 235-bp PCR product for the GAPDH gene. Negative 

controls without cDNA template were used in this experiment. qPCR for GDF9 was carried 

out in a 10 µl reaction mixture that contained 0.5 µl diluted cDNA, 5 µl SYBR® Premix Ex 

TaqTM II (Tli RNaseH Plus, TaKaRa) (2×), 0.2 µl each forward and reverse primer, and 4.1 

µl sterile ddH2O, with a reaction procedure as follows: 94°C for 180 s; 40 cycles of 94°C for 

30 s, 62°C for 30 s, and 72°C for 30 s; a 5-min extension at 72°C; and cooling to 4°C. The 
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GAPDH gene was amplified using the same techniques. The qPCR amplifications were 

performed in triplicate to ensure reproducibility of the results. 

Sequence analysis of the rabbit GDF9 gene 

Physicochemical properties and secondary structure were predicted at ExPASy ProtParam 

(http://web.expasy.org/protparam/.) and SOPMA (https://npsa-prabi.ibcp.fr/cgi-bin/npsa_ 

automat.pl? page=npsa_sopma.html.). Subcellular localization was predicted at PSORT 

(http://www. genscript.com/psort.html), and a neighbor-joining phylogenetic tree was 

constructed using MEGA 6.0; the bootstrap values were based on 1000 replications. 

Statistical analysis 

The expression level of the GDF9 mRNA in different tissues based on different reproductive 

traits (prolific or poor) were analyzed by the 2-∆∆CT method. The qPCR data were expressed 

as mean ± SE, and analyzed by one-way analysis of variance followed by the least significant 

difference test. Differences were statistically significant at P<0.05.  

Results 

Cloning and sequencing of the GDF9 gene 

Based on the predicted sequence, we amplified GDF9 DNA and cDNA. By splicing the 

fragments, we obtained a 2515-bp DNA sequence and a 1359-bp cDNA sequence. The rabbit 

GDF9 gene spanned 2515 bp and contained two exons and one intron, in which exon 1, exon 

2, and the intron spanned 397, 962, and 1156 bp, respectively. The identities of GDF9 cDNA 

and corresponding protein sequences were 99% between the two groups. Moreover, the 

cDNA sequence of the prolific group was consistent with the published mRNA sequence 

(NM 001171350.1) in the National Center for Biotechnology Information's GenBank, and the 

protein sequence of the prolific group was also identical to the published Oryctolagus 

cuniculus GDF9 amino acid sequence (NP 00116482 1.1).  

Aligning the two obtained cDNA sequences revealed three different bases in exon 2. From 

the poor to prolific individuals, the C539T, G562C, and C718G bases differed in exon 2, and 

the corresponding amino acids also changed (Thr > Met, Glu > Gln, Leu > Val) (Figure 1). 

The identities of amino acid sequences between the prolific group and other animals were 

blasted in NCBI. The sequence identities to Homo sapiens (NP_005251.1), Ovis aries 

(ALW82953.1), Capra hircus (ADE45329.2), Mus musculus (AAA53035.1), Bos mutus 
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(XP_005890493.1), Sus scrofa (AEV40674.1), Felis catus (NP_001159372.1), Equus asinus 

(XP_014712290.1), Aotus nancymaae (XP_012298490.1), and Papio anubis (NP_001162 

234.1) were 72%, 68%, 69%, 66%, 69%, 71%, 67%, 73%, 75%, 73%, respectively. 

Expression analysis of the GDF9 gene 

GDF9 had no tissue specificity, but rather was expressed in all of the collected tissues (heart, 

liver, spleen, lung, kidney, ovary, and uterus) of New Zealand white rabbits. In both poor and 

prolific groups, GDF9 expression was higher in the ovary and liver than in other tissues; the 

highest expression level of GDF9 was in the ovary, followed by the liver, and the lowest 

expression quantity was in the heart and spleen (Figure 2). Compared with the prolific group, 

GDF9 gene mRNA expression was significantly higher in the liver and uterus (P<0.01), heart, 

spleen, and ovary (P<0.05) than that in the poor group, but there was no significant difference 

in expression in lung and kidney tissue between the two groups (P>0.05) (Figure 2). 

Bioinformatics analysis of GDF9 amino acid sequences 

The molecular formula of GDF9 is C2244H3518N636O652S19, which is composed by 7069 atoms, 

and the molecular weight of the whole protein is 50447.6 Da. It is unstable and hydrophilic 

based on analysis of physical and chemical properties in ExPASy. The amino acid 

composition is shown in Figure 3; the biggest percentage was Leu, and Met is the 

mini-proportion. The prediction of subcellular localization shows that the probability that 

protein in extracellular is 77.8%, and the probabilities that the protein in mitochondrial or 

vacuolar are both 11.1%. The secondary structure predictions are shown in Table 2, and 

random coil is the primary structure of GDF9. The neighbor-joining phylogenetic tree is 

shown in Figure 4. 

Discussion 

The GDF9 gene is a candidate gene or the main gene that controls reproductive traits of many 

species and has been reported in the domestic and foreign (Barzegari et al. 2010; Palmer et al.  

2006; Chu et al. 2011; Guo et al. 2013). For mammals, such as cattle, sheep, pigs, and rabbits, 

the common gene structure includes two exons and one intron. Moreover, the GDF9 gene is 

located on chromosome 2 and encodes 444 amino acids in pigs; but is located on 

chromosomes 5 and 7 in sheep and cattle, respectively, and encodes 453 amino acids. In 

rabbits, the GDF9 gene is on chromosome 3, the full length genomic sequence is 2515 bp, 

and the mRNA sequence is 1359 bp.  
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Biological information analysis of GDF9 protein was performed. The molecular weight of the 

whole protein is 50447.6 Da, and theoretical pI is 9.10, which means the protein is alkaline. 

Grand average of hydropathicity is equal to −0.390, which reveals that the protein is 

hydrophilic. The instability index was determined to be 57.28; 40 is the critical value of the 

instability index, and >40 means unstable. Therefore, the GDF9 protein is unstable. The 

biological information analysis helped elucidate the structure and function of the protein.  

In this study, we cloned and sequenced GDF9 DNA and cDNA, which included two exons 

and one intron in both groups. By aligning the cDNA sequence of the poor and prolific 

groups, three potential mutation sites in exon 2 of the GDF9 gene that resulted in 

corresponding amino acid changes were found, the changed amino acids at order were 

P.T180M, P.E188Q, P.L240V. We speculate that the differences produced different 

reproduction traits, and these mutations might contribute to greater litter size of rabbits. 

Zhang et al. (2009) studied GDF9 polymorphisms in pigs, and found that the GDF9 gene is 

strongly correlated with litter size, and may be considered a genetic marker associated with 

pig litter size. Additionally, Marchitelli and Nardone (2015) showed that the discoverable 

polymorphisms of the GDF9 gene might have an effect on twinning. In conclusion, the effect 

of GDF9 on reproduction still requires additional study, and the three potential mutation sites 

should be confirmed in a larger group of individuals.  

The GDF9 gene was expressed in all tissues (heart, liver, spleen, lung, kidney, ovary, and 

uterus) and had higher expression in the ovary and liver than in other tissues; the highest 

expression level was in the ovary, followed by the liver, and the heart and spleen were the 

lowest in New Zealand white rabbits. In general, these results were consistent with previous 

findings. In mice, strong expression of GDF9 was exclusively found in the ovary (McPherron 

et al. 1993). Moreover, research on zebrafish and rainbow trout also demonstrated that the 

GDF9 gene only expresses in the gonads (Halm et al. 2008; Bobe et al, 2008), and it was 

reported that the GDF9 gene was detected in adult alpaca testis by western blotting (Guo et al. 

2013) and adult rat testis by GDF9 expression and localization (Nicholls et al. 2009). The 

GDF9 gene can also be detected in oocytes and cumulus cells of rabbits (Desislava et al. 

2016) and calves (Hosoe et al. 2011). Hosoe et al. (2011) revealed that GDF9 transcripts in 

cattle were detected in the ovarian and pituitary tissues, but were not detected in the liver, 

kidney, and heart. Liu et al. (2007) found that the GDF9 expression level was the highest in 

carp ovarian and testicular tissue followed by liver and muscle tissue, and was comparatively 

low in the heart, kidney, and spleen based on real-time fluorescent quantitative PCR, which is 
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similar to the expression patterns of GDF9 in our study. However, Wang et al. (2012) 

revealed that GDF9 mRNA in Japanese crucian carp was detected in the heart, liver, brain, 

muscle, and ovary; moreover, the highest peak of GDF9 mRNA expression was in the ovary, 

and there was lower expression in the gill, spleen, and kidney. The GDF9 gene expression 

pattern shows that it plays an important role in the reproductive organs of the rabbit and also 

has a universally important role in other organs.  

Conclusions 

Our analysis of GDF9 cDNA showed that it may have an important effect on litter size of 

New Zealand white rabbits. The DNA sequence was 2515 bp in length, and the cDNA 

sequence was 1359 bp. Three different bases in exon 2 were found, and the qPCR analysis 

showed that the GDF9 expression level was higher in the ovary than in other tissues and 

different between the prolific and poor rabbits. 
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Table 2.  Results of GDF9 secondary structure prediction 

 

Name Primer sequences(5'-3') Tm (℃) Length 
(bp) 

Exon1 
F1: TTGAAGGTCATTCCTCTGTGTGTCT 

60 796 
R1: TTCTAACAGGTTTCCGCTACACACG 

Exon2 
F2: GCACATACTACACGGCACCA 

58 1216 
R2: CAGCACTCACTCTGCCCAA 

Intron 
F1: TGTGGTTTTGCTGTCTTGCC 

58 2280 
R1: GTCCCCCTTGCAGTATCGAG 

qPCR 
F3: ATTCAGGAAGAAACACAAGTGGGCT 

62 172 R3: GGACGCTAGCACAGTTAGGTTCAAG 

GAPDH 
F4: ATGGTGAAGGTCGGAGTGAAC 

62 235 R4: CTCGCTCCTGGAAGATGGT 
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Figure 1. Potential mutation sites in exon 2 of GDF9 in New Zealand white rabbits. The top 

and bottom represent the cDNA sequences of the poor and prolific groups, respectively. (A), 

(B) and (C) indicated three mutations C.539C>T, C.562 G>C, C.718C>G. 

 

Structure  Proportion 

Alpha helix 30.31% 

Extended 
strand 

14.82% 

Beta turn 5.97% 

Random coil 48.89% 
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Figure 2. Expression levels of the GDF9 gene in different tissues. * indicates P<0.05, ** 

indicates P<0.01.  
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Figure 3. GDF9 amino acid sequence composition. 
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Figure 4. Phylogenetic tree of GDF9 amino acid sequences from ten species. 

 


