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ABSTRACT. The molecular mechanism underlying muscle 
development in rabbits is not well-understood. In the current study, 
differentially-expressed genes were scanned using an expression profile 
chip in New Zealand white rabbits (introduced breed) and Fujian yellow 
rabbits (local breed), and some of the genes were tested using reverse 
transcription-polymerase chain reaction. The amplification results were 
consistent with the microarray data. Fourteen and 13 genes involved 
in muscle development were identified in the dorsal longissimus and 
leg muscles, respectively. Myh6, Myh7, Myh7b, Myo5b, Tnnc1, 
Tpm3, and Acta2 were scanned in the longissimus and leg muscles. 
Thus, these genes may be involved in muscle fiber formation and 
muscle development in rabbits. This study provides a theoretical basis 
for improving meat quality, as well as for the future development and 
utilization of local meat rabbit breeds.
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INTRODUCTION

With improvements in the standard of living, rabbit meat is increasingly welcomed 
by consumers as a high-protein, low-fat, and low-cholesterol meat. Rabbit meat has a delicate 
texture and delicious taste and is rich in nutrients; thus, it is known as a “beauty meat” and 
“healthy meat”, and is suitable for the elderly, women, the obese, and patients with liver dis-
ease, cardiovascular disease, and diabetes. The New Zealand white rabbit is one of the world’s 
most well-known medium meat rabbit breeds because of its high growth rate, high feed con-
version and slaughter rate, strong adaptability and disease resistance, and suitability for large-
scale farming. The Fujian yellow rabbit is a local variety in China and exhibits precocious 
puberty, succulent high nutritional value, resistance to crude feed, wide adaptability, and high 
dietary value. However, the early-stage growth rate of Fujian yellow rabbits is slower than that 
of the New Zealand white rabbits.

In the current study, the rabbit genome-wide expression profile chip was used to se-
lect differentially-expressed genes between introduced (New Zealand white rabbits) and lo-
cal varieties (Fujian yellow rabbits) to establish a working base from which to elucidate the 
molecular mechanism underlying the functional genes determining rabbit muscle growth and 
development. We also provide a theoretical foundation for the exploitation and utilization of 
high-quality local meat rabbit varieties in China.

MATERIAL AND METHODS

Sample collection

The animal samples in the current study were collected from the Jinling Rabbit Farm 
(Nanjing, Jiangsu). New Zealand white rabbits and Fujian yellow rabbits were maintained un-
der the same feeding and management conditions and slaughtered at 70 days of age (2 males 
and 2 females of each species). The dorsal longissimus and leg muscles were excised, rapidly 
immersed in liquid nitrogen, and stored at -70°C.

RNA extraction and purification

Total RNA was extracted using the TRIZOL method and evaluated for quality using 
an Agilent Bioanalyzer 2100 (Agilent Technologies, Santa Clara, CA, USA). RNA from the 
same parts from the same gender and species were mixed to yield 4 RNA samples (New Zea-
land white rabbit dorsal longissimus muscle and leg muscle, and Fujian yellow rabbit dorsal 
longissimus muscle and leg muscle). The RNA samples were then divided into 2 parts for 
microarray experiments and for fluorescence quantitative experiments to verify the reliability 
of the chip.

Gene chip

The Agilent rabbit genome-wide 4 x 44k chip (design ID: 020908) was purchased 
from Shanghai Biotechnology Corporation (Shanghai, China).
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Microarray experiments

Chip hybridization

Each slide was hybridized with 1.65 mg Cy3-labeled cRNA using a Gene Expression 
Hybridization Kit in a Hybridization Oven (Agilent Technologies), according to manufac-
turer instructions. After 17-h hybridization, slides were washed in staining dishes (Thermo, 
Waltham, MA, USA) using a Gene Expression Wash Buffer Kit (Agilent Technologies) as 
recommended by the manufacturer.

Data acquisition

Slides were scanned using an Agilent Microarray Scanner (Agilent Technologies) 
with the following default settings: dye channel; green; scan resolution, = 5 mm; and PMT 
100%, 10%, and 16 bit. The scanned slides were then processed using the Feature Extraction 
software (10.7; Agilent Technologies). Raw data were normalized using the Quantile algo-
rithm and Gene Spring Software ver. 11.0 (Agilent Technologies).

Primer design and synthesis

According to the rabbit gene mRNA sequence in GenBank, fluorescence quantitative 
primers for 7 genes were designed using Primer-BLAST online at NCBI, and reference gene 
glyceraldehyde 3-phosphate dehydrogenase primer sequences as described by Wu (2011). 
Primers were synthesized by Shanghai Sangon Biological Engineering Corporation (Shang-
hai, China). Primer sequences are shown in Table 1.

Gene name	 Primer sequence (5'→3')	 Product size (bp)	 Annealing temperature (°C)

Tnnc1	 F: GCCTTCGACATCTTCGTGCT	 214	 60
	 R: CGGATTTCCCTTTGCTGTCG		
Myo5b	 F: AGCTCATCAAGATCGCCGAGAGCTCATCAAGATCGCCGAG	 196	 60
	 R: CACATGACCGTGTGGAAGGACACATGACCGTGTGGAAGGA		
Tpm3	 F: AGGAGAATGCTCTGGACCGT	 238	 60
	 R: ACCAACTGTCTGCGGTTCAA		
Myh6	 F: TCCGCAAGTCCGAGAAAGA	   80	 62
	 R: GCTATCGGGCACAAAGCA		
Acta2	 F: CGGAGACGATGCTCCAAGAG	 124	 60
	 R: TCCTCTTTTGCTCTGCGCTT		
Myh7	 F: GAAGGAGGACCAGGTGATGC	 207	 60
	 R: GCCACCACCTCTGCATTGTA		
Myh7b	 F: AAGAAGGCAGCGTCATTCCA	 240	 60
	 R: GAAGTCGGCGTAGAGTAGCC		
GAPDH	 F: TCACCATCTTCCAGGAGCGA	 293	 60
	 R: CACAATGCCGAAGTGGTCGT

Table 1. Primer information for each gene.

cDNA preparation

The reaction system was prepared using a SuperRT cDNA Kit (CoWin Biotech Cor-
poration, Beijing, China) according to manufacturer instructions. The reaction system includ-
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ed 2 µL RNA, 4 µL 2.5 mM dNTPs, 4 µL 5X reverse transcription buffer, 1 µL 200 U/µL 
SuperRT, and complement to 20 µL with RNase-free water. The reaction conditions were as 
follows: 42°C for 40 min; 80 for 5 min; and storage at -20°C after completion of the reaction.

Reverse transcription-polymerase chain reaction (RT-PCR)

The RT-PCR Premix System was purchased from CoWin Biotech Corporation. The 
reaction system was optimized and prepared on ice according to manufacturer instructions, 
which included 2X UltraSYBR Mixture (10 µL with ROX), 0.4 µL of each upstream and 
downstream, 2 µL cDNA, and complement to 20 µL with RNase-free water. The reaction 
conditions were as follows: 95°C for 10 min; 40 cycles at 95°C for 15 s and 60°C for 1 min; 
95°C for 15 s, 60°C for 1 min, 95°C for 15 s, and 60°C for 15 s. Each RT-PCR experiment was 
performed using 3 biological samples. For analysis, fluorescence signal values were obtained 
using an ABI 7500 Sequence Detection System Software (PE Applied Biosystems, Foster 
City, CA, USA), and the Ct value of each sample and gene was obtained. The 2-DDCt method 
was used to calculate the differences in gene expression in multiples.

RESULTS

Total RNA quality control results

Total RNA was obtained by analog electrophoresis using an Agilent 2100 Bioanalyzer 
(Agilent Technologies) as shown in Figure 1, and the total RNA details are shown in Table 2.

Figure 1. Total RNA analog electrophoresis (lane ND = dorsal longissimus muscle of New Zealand white rabbits; 
lane FD = dorsal longissimus muscle of Fujian yellow rabbits; lane NL = leg muscle of New Zealand white rabbit; 
lane FL = leg muscle of Fujian yellow rabbits).
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Chip scan

Scanning fluorescence signals were evaluated for each probe after completion of hy-
bridization in the custom chips, reading data, and normalization processing.

Selection of differentially expressed genes

Normalized data were analyzed using the SAS online analysis system (SAS Institute, Inc., 
Cary, NC, USA), using the Fujian yellow rabbits as the experimental group and the New Zealand 
white rabbits as the control group. Differentially expressed genes that had changed in expression 
by more than 3-fold were screened in the dorsal longissimus and leg muscles of the 2 varieties. 
Fourteen genes associated with muscle development were screened in the dorsal longissimus mus-
cle, including Myh6, Myh7, Myh7b, Myo5b, Tnnc1, Tpm3, Acta2, Myl6b, Ttn, Mtmr12, Myoc, 
Ablim1, My19, and Mylip. Thirteen genes associated with muscle development were screened 
in the leg muscle, including Myh6, Myh7, Myh7b, Myo5b, Tnnc1, Tpm3, Acta2, Myom3, MB, 
My12, My13, Tnnil1, and Atp2a2 (Guenet et al., 1996; Roof et al., 1997; Begley and Dixon, 2005; 
Schoenauer et al., 2008; Chen et al., 2010; Pegoraro et al., 2011; Polati et al., 2012; Hnia et al., 
2012; Kararigas et al., 2012). Numerous differentially genes were identified (Figure 2).

No.	 Sample name	 Concentration (mg/mL)	 Volume (mL)	 Total (mg)	 OD260/280	         Agilent 2100 result	 Result

						      RIN	 28S/18S

1	 ND	 0.252	 100	 25.2	 1.89	 9.0	 2.0	 Qualified
2	 NL	 0.470	 100	 47.0	 1.91	 8.7	 2.1	 Qualified
3	 FD	 0.327	 100	 32.7	 1.98	 8.9	 1.8	 Qualified
4	 FL	 0.387	 100	 38.7	 1.98	 8.7	 1.9	 Qualified

Agilent 2100 RIN ≥ 7.0 and 28S/18S ≥ 0.7 indicates the sample is qualified, and further experiments can be 
conducted.

Table 2. Information of total RNA.

Figure 2. Differentially expressed genes. In the left circle, 14 differentially expressed genes changed by more than 
3-fold and associated with muscle development were screened in the dorsal longissimus muscle. In the right circle, 13 
genes were screened in the leg muscle. The shared part of the 2 circles shows 7 common differentially expressed genes.
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Verification of the results

The expression levels of the target genes in Fujian yellow rabbits relative to New 
Zealand white rabbits were consistent for each gene compared with the results of microarray 
analysis, with the exception of Acta2 (Figure 3). The results showed that the chip was reliable 
and that the differentially expressed genes should be further studied.

Figure 3. Comparison of the expression of each gene between RT-PCR and chip (fold-change value >1 indicated 
up-regulated and fold-change value <1 indicated down-regulated). In Fujian yellow rabbits and New Zealand white 
rabbits, the level of expression of all target genes were consistent in the dorsal longissimus muscle between RT-
PCR and chip. In leg muscle, most genes were consistent except for Acta2.

DISCUSSION

With the extensive application of molecular biology techniques in the field of ag-
riculture, an increasing number of studies are using emerging techniques in basic research 
at the molecular level involving rabbit breeding. An expression profile chip is an important 
component of the gene chip; the manufacturing method is relatively well-studied, and micro-
array products from numerous different species can be used (Hughes et al., 2001). Using an 
expression profile chip, several studies have examined genetic changes in gene transcription 
and how gene expression levels are affected by drugs, diseases, or other interference. Yu et al. 
(2011) used genome microarray analysis and found that the differentially expressed genes be-
tween fetal ventricular septal defects in the myocardium and normal myocardium were related 
to signaling pathways in heart development. In recent years, the application of microarray 
technology has also extended to agriculture, such as for studying rice, flax, poplar, chickens, 
cattle, and geese (Cogburn et al., 2003; Arora et al., 2007; Zhao., 2010; Long et al., 2011; Zhu 
et al., 2011; Guifen et al., 2012). Real-time fluorescent quantitative PCR is necessary to ensure 
the reliability of the chip (Canales et al., 2006), and was used in the current study to test and 
verify some of the differences in gene expression.

In the current study, some differentially expressed genes between the Fujian yellow 
rabbits and New Zealand white rabbits with respect to the dorsal longissimus and leg muscles 
were selected in the Agilent rabbit, and then tested and verified by RT-PCR. The RT-PCR re-
sults showed that gene expression was consistent with the chip results. Thus, using the rabbit 
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genome-wide chip to select differentially expressed genes in rabbit muscle is a reliable method 
of providing a reference for rabbit genetics and breeding.

The differentially expressed genes selected in the current study mainly included myosin, 
actin protein, troponin, and other critical components of muscle. For example, Myh6, Myh7, and 
Myh7b belong to the myosin heavy chain gene family (Suggs et al., 2007; van Rooij et al., 2009), 
and the role of myosin is to regulate muscle contraction for power. The Myh7 gene mutation rate 
is 41% in familial hypertrophic cardiomyopathy patients of Oriental descent (Song et al., 2005). 
Thus, the Myh7 gene plays an important role in regulating muscle development. The Tnnc1 
gene belongs to the fast skeletal muscle troponin C gene family, which has Ca2+ binding and 
regulatory sites; the Tnnc1 gene is involved in intracellular Ca2+ signal transduction. A calcium-
regulated protein was discovered and found to regulate contraction of fast skeletal muscle (Farah 
and Reinach, 1995), thereby affecting the generation of muscle protein.

In the current study, a number of differentially expressed genes were selected in 2 
varieties of meat rabbits using a gene expression profile chip (Myh6, Myh7, Myh7b, Myo5b, 
Tnnc1, Tpm3, and Acta2). The differentially expressed genes may be involved in rabbit mus-
cle fiber formation and the muscle development process, and may be examined as target genes 
in studies of rabbit meat quality. The current study has provided a theoretical basis for improv-
ing rabbit meat quality and lays a foundation for future protection and exploitation of local 
meat rabbit varieties in China.
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