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ABSTRACT
In order to identify differentially expressed genes in Rex rabbit skin, the expression of all genes in the skin
and hair follicle of Rex rabbit were analyzed using cDNA microarray, and then analyzed the differently
expressed genes with the Gene Ontology (GO) classification and the pathway analysis. The 2657
differentially expressed genes were identified. Among differentially expressed genes, 1103 genes were
functionally known genes, 687 genes were up-regulated and 419 down-regulated. GO analysis indicated
that these altered genes were associated with metabolism, signal transduction, cell cycle, cell adhesion, cell
proliferation, cell division, apoptosis and other processes. KEGG analysis showed that 95 signal pathways
associated with up-regulated genes and 87 signal pathways associated with down-regulated genes had
changed significantly (P<0.05). Some important genes were identified, which might be useful in further
study on wool density markers of Rex rabbit.
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INTRODUCTION
Rex rabbit is a typical rabbit for fur. Wool density, hair length, coarse rate, villus diameter and area of hide
are main indices of fur quality (Castle et al. 1933; Wang et al. 2001). The current problem of rabbit fur
quality is mainly focusing on the wool density and area of hide. How to improve the quality of our Rex
rabbit's fur in order to enhance market competitiveness is a critical problem.
It is well-known that tissues from specific types or phenotype will have distinct gene expression profiles
(Wang et al. 2005; Li et al. 2008; Maaria et al. 2010). cDNA microarrays enable the simultaneous
measurement of expression levels for many thousands of genes at a given instant in hair follicles, revealing
the expression state of those features as determined by statistical significance inference. By taking many
such snapshots over a number of experimental conditions and applying the appropriate analyses, groups of
genes with similar expression profiles can be detected to suggest the function or regulation of
uncharacterised genes (Breitling et al. 2004). Gene Ontology (GO) and pathway analysis were used to find
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biological processes associated with the differentially expressed genes(Cristina et al. 2005). Through
studying the molecular mechanism in different wool density, we can identify some important genes, which
may be candidate genes to detect molecular markers linked to wool density by polymorphism analysis and
hence helpful for the early selection-breeding of Rex rabbit.
In this study, the gene expression patterns in different wool density of Rex rabbit are presented and
analyzed with cDNA microarray and statistical analysis.

MATERIALS AND METHODS
Preparation of animals and tissue samples
This experiment was carried out at the Rex rabbit farm of Jun-ying, Bao ding, China. All of Rex
rabbits were born in 19 September 2009. The fur production traits (wool density, hair length) and live
body weight observed at 14 weeks of age. They were divided into 2 groups according to different wool
density, group A: The hair is sparse; group B: The hair is thick. In each group, 4 rabbits (2 males and 2
females) were selected. The selection criteria is that wool density is around 10000 per square
centimeter in group A and around 18000 per square centimeter in group B. The mid-dorsal skin
samples obtained from 8 Rex rabbits were snap-frozen and stored in liquid nitrogen until use.
Gene expression analysis by cDNA microarray
Total RNA from skin tissue samples was isolated by the guanidinium isothiocyanate method.
Concentration and RNA quality were assessed via spectrophotometry and denaturing agarose gel
electrophoresis. Divided the mRNA of each rabbit into two lots. Then the RNA was used as template
for cDNA synthesis for 2h at 42 . All kinds of RNA were labeled with Cy5-dCTP, respectively. The
remaining group A’s RNA was mixed and labeled with Cy3-dCTP as common reference.
The labeled cDNA samples were separated from unincorporated nucleotides by filtration, mixed and
hybridized to microarray at 42 overnight. After hybridization, the slide was washed, and then
scanned with LuxScan 10KA(CapitalBio Corporation). Primary data collection and analysis were
carried out using LuxScan 3.0 and SAM 3.02(CapitalBio Corporation).
Statistical analysis of microarray data
The relative levels of gene expression is group B compared with group A. Genes with average
expression intensity ratios, higher than 2.0 or lower than 0.5, were analyzed with hierarchical
clustering. The analysis was performed using “Cluster 3.0”, “TreeView” and Molecule Annotation
System (MAS) (Wang et al. 2009). Before the clustering, algorithm was applied, the fluorescence ratio
for each spot was first log-transformed (log2), and then the data for each sample were median-centered
to remove experimental biases.
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RESULTS AND DISCUSSION
Differentially expressed genes by cDNA microarray
In the gene-chip experiment, 2657 differentially expressed genes with average Cy5:Cy3 ratios higher
than 2.0 or lower than 0.5 were identified from 14601 target genes. Among them, 1103 genes were
functionally known genes. 687 genes were up-regulated and 419 down-regulated.
Gene Ontology Classification and the pathway analysis

number s of genes

To categorize the differentially expressed genes, we performed GO and KEGG analyses. GO
annotations were collected for the 1103 selected genes, downstream molecules corresponding to most
of the EST probe sets were neither annotated nor included in the analyses. GO analysis indicated that
these altered genes were associated with metabolism, signal transduction, cell cycle, cell adhesion, cell
proliferation, cell division, apoptosis and other processes.
KEGG analysis showed that 95 signal pathways associated with up-regulated genes had changed
significantly (P<0.05), these pathways were involved in focal adhesion, TGF-beta signaling pathway,
cell adhesion molecules, MAPK signaling pathway, Wnt signaling pathway and so on(Figure 1); 87
signal pathways associated with down-regulated genes had changed significantly (P<0.05), those
pathways were involved in cell cycle, oxidative phosphorylation, regulation of actin cytoskeleton, p53
signaling pathway and so on (Figure 2).
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Figure 1: A part of KEGG pathways associated with up-regulated genes
Some potentially important genes in different wool density of Rex rabbit were identified, such as
MMP2, TGF-β1, TGF-β2, IGF-1, ITGB1, RPS6KB1, BMP2, ActR B, CDK2 and CCNA2.
Compared with group A, the expression of cell adhesion molecules such as integrin β, L-selectin,
ITGB1, and FN were up-regulated at group B. Apart from increased expression of TGF-β1, TGF-β2,
TGF-induced protein, IGF-1, SLC, EF-1, and CTGF, all other cytokines and growth factors exhibited
decreased expression at group B. BMP2, CDK2, GJA1, CCNA2, ActR B, RGN, RPS6KB1, which
function in cell cycle control and cell signaling, were up-regulated at group A. Whereas some other
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related molecules, such as caveolin, YB-1, and TMEM 109, were up-regulated at group B. MMPs and
their inhibitor molecules were differentially expressed in different wool density of Rex rabbit. Group
B were found to have higher expression of MMP2, TIMP-1, TIMP-2, and TIMP-3 and lower
expression of MMP-12 compared with group A. Urokinase-type plasminogen
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Figure 2: A part of KEGG pathways associated with down-regulated genes
activator receptor was up-regulated in group B. Many of the enzymes were up-regulated at group A.
Most transcription factors and structural genes showed augmented expression at group B. Among the
classical signaling pathways, expression of BMP2 were up-regulated at group A, and most other
signaling pathways were predominantly down-regulated at group A.
The study indicated that the differentially expressed genes were associated with metabolism, signal
transduction, cell cycle, cell adhesion, cell proliferation, cell division and apoptosis. The cell cycle, or
cell-division cycle, is the series of events that takes place in a cell leading to its division and
duplication (replication). The cell-division cycle is a vital process by which a single-celled fertilized
egg develops into a mature organism, as well as the process by which hair, skin, blood cells, and some
internal organs are renewed. TGF-beta signaling pathway is involved in many cellular processes in
both the adult organism and the developing embryo including cell growth, cell differentiation,
apoptosis, cellular homeostasis and other cellular functions (Lefever et al., 2010; Plasari et al., 2010).
The MAPK/ERK pathway is a signal transduction pathway that couples intracellular responses to the
binding of growth factors to cell surface receptors, participate in the regulation of cell proliferation,
cell differentiation and apoptosis (Lu et al., 2009). Wnt signaling pathway has promotion in cell
adhesion and differentiation (Staal et al., 2008; Kanwar et al., 2010). p53 signaling pathway is a
transcription factor whose activity is regulated by phosphorylation. It could be involved in the
apoptotic pathway (Cho et al., 2010).
46

10 th World Rabbit Congress – September 3 - 6, 2012– Sharm El- Sheikh –Egypt

CONCLUSIONS
In this research, the 2657 differentially expressed genes in different wool density of Rex rabbit were
identified by using cDNA microarray. Among differentially expressed genes, some genes were related to
cell proliferation, differentiation, apoptosis and signal transduction. The abnormal expression of these genes
may play an important role in the hair follicles initiation and development, finally lead to the distinction in
wool density of Rex rabbit. Some differentially expressed genes may be candidate genes to detect
molecular markers linked to wool density by polymorphism analysis and hence helpful for the early
selection-breeding of Rex rabbit.
ACKNOWLEDGEMENTS
This work was supported by the Agriculture Special Fund for Public Welfare Trades, China (Proj.No.3-52 Rabbit)
and the Modern Agriculture (rabbit) Industrial Science and Technology System(nycyti-44). We acknowledge
members of Capitalbio Corporation (Beijing, China) for microarray experiment and data collection.
REFERENCES
Breitling R., Armengaud P., Amtmann A., Herzyk P. 2004. Rank products: a simple, yet powerful, new method to
detect differentially regulated genes in replicated microarray experiments. FEBS Letters, 573, 83-92.
Castle W.E., Nachtsheim H. 1993. Linkage Interrelations of Three Genes for Rex (Short) Coat in the Rabbit.
Proc.N.A.S., 19, 1006-1011.
Cho Y.J, Kim J.H., Yoon J., Cho S.J., Ko Y.S., Park J.W., Lee H.S., Lee H.E., Kim W.H., Lee B.L. 2010.
Constitutive activation of glycogen synthase kinase-3 beta correlates with better prognosis and cyclindependent kinase inhibitors in human gastric cancer. BMC Gastroenterology, 10, 1-8.
Cristina D.T., Orla M.K., Theresa W., Amonida Z., Dianne L.H., David B.B., John C.M., Allan M.C. 2005.
Microarray analysis of selection lines from outbred populations to identify genes involved with nematode
parasite resistance in sheep. Physiol Genomics, 21, 59-69.
Kanwar S.S., Yu Y., Nautiyal J., Patel B.B., Majumdar A.P. 2010. The Wnt/beta-catenin pathway regulates
growth and maintenance of colonospheres. Molecular Cancer, 9, 1-13.
Lefever T., Pedersen E., Basse A., Paus R., Quondamatteo F., Stanley A.C., Langbein L., Wu X., Wehland J.,
Lommel S., Brakebusch C. 2010. N-WASP is a novel regulator of hair-follicle cycling that controls
antiproliferative TGFβ pathways. Journal of Cell Science, 123, 128-140.
Li M.Z., Li X.W., Zhu L., Jiang Y.Z., Tang G.Q. 2008. Developmental expression changes of specific genes in
adipose tissue for different pig breeds by using pathway-focused microarray. Chinese Journal of
Biotechnology, 4, 665-672. (in Chinese)
Lu J., Luo Q., Cheng P., Liu X., Bai M., Tu M. 2009. The role of matrine and mitogen-ativated protein
kinase/extracellular signal-regulated kinase signal transduction in the inhibition of the proliferation and
migration of human umbilical veins endothelial cells induced by lung cancer cells. Chinese Journal of
Lung Cancer, 7, 747-752. (in Chinese)

47

Genetics
Maaria K., Tiina S., Asta L., Laura V., Anneli H. 2010. Changes in gene expression linked with adult
reproductive diapause in a northern malt fly species: a candidate gene microarray study. BMC Ecology,
10, 1-9.
Plasari G., Edelmann S., Hogger F., Dusserre Y., Mermod N., Calabrese A. 2010. Nuclear Factor I-C regulates
TGF-β-dependent hair follicle cycling. Journal of Biological Chemistry, 8, 1-20.
Staal F.J., Sen J.M. 2008. The canonical Wnt signaling pathway plays an important role in lymphopoiesis and
hematopoiesis. European Journal of Immunology, 7, 1788-1794.
Wang S.C., Wang Q.J., Min L.J. 2001. Research of hair quality of French Rex Rabbit. Journal of China Rabbit,
4, 15-18. (in Chinese)
Wang H.B., Wang Q.G., Li H. 2005. cDNA microarray on differentially expressed genes of adipose tissue in two
Breeds chicken. Chinese Journal of Biotechnology, 6, 979-982. (in Chinese)
Wang Y., Zhang H., Chen Y.P., Sun Y.M., Yang F., Yu W.H., Liang J., Sun L.Y., Yang X.H., Shi L., Li R.F., Li
Y.Y., Zhang Y., Li Q., Yi X., Shang Y.F. 2009. LSD1 is a subunit of the NuRD complex and targets the
metastasis programs in breast cancer. Cell, 4, 660-672.

48

