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Introduction 
A cashmere goat is any breed of goat that produces cashmere, which is the goat's fine soft 
downy winter undercoat, in commercial quality and quantity. In the past decades breeding 
programs have been started to develop productive cashmere goat breeds. In 2002, the goat 
which could produced 1980g cashmere was bred in Nei Mongol, China (Li et al. 2002). 
Which major gene is responsible for high cashmere yield is not known until now although 
the researchers and breeders have focused on molecular genetic basis of cashmere for many 
years. Up to date molecular genetic tools are more and more advanced and their applications 
in the husbandry and veterinary fields are rapidly increasing. Gene expression study was 
employed to perform functional genomic studies in order to dissect affected signaling 
pathways in complex traits or to predict the clinical outcomes of a therapy. This has been 
greatly improved by the in-depth sequencing of complete genome. Comparative approaches 
shed light on goat functional genomic study even goat genome sequencing is not full enough 
today. To decipher molecular mechanism of the complex traits will help us to understand and 
improve the production efficiency of cashmere goat. 
 
At present we have profiled 5100 genes in skin of cashmere goat. The goat-specific 
microarray is available to customers now based on our research (Census service, 2009). This 
kind of high-throughput gene expression profiling analysis provides a powerful tool for 
investigating differential gene expression in goat tissues.  

Material and methods 
Development of Caprine Designed MicroArray. The Caprine Designed MicroArray 
(CDMA) is part of Nei Mongol Cashmere Goat transcriptom research program. The 
microarray configuration is based on own gene expression data, ESTs data, as well as the 
experience of cooperation partners in China Agriculture University. CDMA mainly reflects 
the expression profile of 5100 different genes which have orthologs among 18876 
homologenes of Homo sapiens. Unmodified sense 65~73 mer oligonucleotides representing 
these goat genes and 48 control genes were synthesized, printed on chemical-material-
coated-glass slides. The selected genes are associated with cell growth, apoptosis, stem cell 
and structural proteins, the collection comprises genes related to stress, energy metabolism, 
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signal transduction, DNA repair and metabolism, transcription and growth factors, ligands, 
as well as surface proteins etc.  
Tissue specimens and microarray experiments.  The six female goats and one male goat 
were used for microarray experiments. We obtained the caprine skin samples of 2 different 
tissue types, from the seven goat individuals including moult or growth of cashmere fibre 
respectively. The specimens were immediately immersed in liquid nitrogen upon isolation. 
Each goat was divided into matched samples for RNA isolation and microarray examination 
as shown in Fig 1. 
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Figure 1: Design of microarray experiment for goat skin gene expression analysis  
 
The skin tissue from the ear or body side was taken to extract total RNA by Trizol method. 
The quality of total RNA was checked by denaturing agarose gel electrophoresis in 
formaldehyde. The integrity and quality of the RNA was checked using an Agilent 2100 
Bioanalyzer. The total RNAs were taken equally from each sample then reversely transcribed 
to cDNA, followed by in vitro transcription labeling with Cy5-dCTP and Cy3-dCTP 
respectively. After hybridization overnight at 42℃, the CDMA were washed first in 0.2% 
SDS and 2×SSC at 42℃ for 5 min, then in 0.2×SSC for 5 min at room temperature. The 
microarrays were scanned by using LuxScan 10K/A dual-channel laser scanning device 
(CapitalBio, Beijing, China) according to the protocols from the manufacturer. LuxScan 3.0 
software was used to transform the image signals of the chip into digital signals, and then the 
digital signals were normalized by using the Lowess method (Workman et al. 2002). The 
genes that were compatible with the following three conditions were judged to be expressed 
genes: (1) signal value ≥ 800, (2) signal value ≥twice the maximal background signal (3) 
signal value ≥ three times of background signal standard deviation (S-B>3SD). 

Results and discussion 

The Gene expression levels of about 5,100 genes were measured in 12 different skin 
samples with cashmere growth or moult. A total of 1,095 genes showed differential 
expression in ear and body side skin at different months. Analysis of these genes in this study 
revealed the activated and repressed genes represented a specific subset of cellular genes 
with biochemical activities consistent with the physiology and growth of cashmere. 
Collectively, these genes provided a quantitative view of changes in gene expression that 
occurred in cashmere growth and moult. Based on the functional discrepancy of encoding 



protein, most differentially expressed genes were divided into 5 category: ECM-receptor 
interaction, Cell Communication, p53 signaling pathway, Cell adhesion molecules (CAMs) 
and Regulation of actin cytoskeleton. Of them, 36 genes were differential expressed in have 
cashmere or have not cashmere samples (Table 1). Hox-C9 was detected in hair follicle of 
body side skin only which was consistent with our published result before (Zhang, 2007).  
   
Table 1: The 36 differential expressed genes between skins with cashmere or without  
 

No. HomoloGenes_ID 
Ratio 

(Have/Not)
Description 

1 ENSG00000180806 7.84 Homeobox protein Hox-C9  
2 ENSG00000186923 6.99 keratin associated protein 20-1  
3 ENSG00000186964 4.48 keratin associated protein 19-6  
4 ENSG00000198249 4.16 Keratin associated protein 3-1  
5 ENSG00000186965 3.75 keratin associated protein 19-5  
6 ENSG00000182546 3.36 keratin associated protein 4-7  
7 ENSG00000187005 3.24 keratin associated protein 21-1  
8 ENSG00000197079 2.99 Keratin, type I cuticular HA5  
9 ENSG00000186395 2.96 Keratin, type I cytoskeletal 10  
10 ENSG00000183640 2.88 Keratin associated protein 8-1  
11 ENSG00000188155 2.87 keratin associated protein 10-4  
12 ENSG00000173908 2.61 keratin 25D  
13 ENSG00000186971 2.60 keratin associated protein 13-4  
14 ENSG00000106511 2.59 Homeobox protein MOX-2  
15 ENSG00000110422 2.58 homeodomain interacting protein kinase 3  
16 ENSG00000182816 2.56 Keratin associated protein 13-1  
17 ENSG00000184032 2.50 keratin associated protein 20-2  
18 ENSG00000172886 2.43 Keratin associated protein 5-8  
19 ENSG00000126337 2.42 Keratin, type I cuticular HA6  
20 ENSG00000171396 2.42 Keratin associated protein 4-4  
21 ENSG00000186393 2.36 keratin 25A  
22 ENSG00000198271 2.33 Keratin associated protein 4-5  
23 ENSG00000111057 2.32 Keratin, type I cytoskeletal 18  
24 ENSG00000188581 2.27 keratin associated protein 1-1  
25 ENSG00000006059 2.19 Keratin, type I cuticular HA3-I  
26 ENSG00000186975 2.15 keratin associated protein 13-3  
27 ENSG00000184928 2.07 Keratin associated protein 2-4  
28 ENSG00000187272 2.04 Keratin associated protein 9-4  
29 ENSG00000171446 2.02 keratin 25C  
30 ENSG00000043039 0.50 Homeobox protein BarH-like 2.  
31 ENSG00000186860 0.45 keratin associated protein 17-1  
32 ENSG00000196224 0.44 Keratin associated protein 5-5  
33 ENSG00000143995 0.43 Homeobox protein Meis1.  
34 ENSG00000134138 0.41 Homeobox protein Meis2  
35 ENSG00000198864 0.41 Keratin associated protein 5-9  
36 ENSG00000172867 0.24 Keratin, type II cytoskeletal 2 epidermal  

 



In breeding of domestic animal is a growing interest in genetic contributions to economically 
important traits. Analysis of the genetic composition of the animal using molecular markers 
is becoming a useful tool in the selection of animal, and there is an increasing number of 
genetic tests available to the breeders. To enable detection of new genes with a significant 
effect on traits of interest it is one important method to screen major candidate genes (Su et 
al, 2009). Here, 29 candidate genes (ratio>1) shown in Table 1 will be used as polymorphism 
marker screen in follow-up research. By the way, the others (ratio<1) are not essential to 
cashmere growth, such as KRT2A (ENSG00000172867) was detected in ear skin sample only. 
Recent advances in the knowledge of Keratins, Keratin associated proteins and Homeobox 
transcription factors responsible for the hair follicle development should be very helpful for 
deciphering molecular mechanism of cashmere growth (Wu et al. 2009). They may shed a 
light on molecular mechanism of cashmere development. 

Conclusion 
We are in the process of creating a reference genome annotation of goat, taking advantage of 
the in-depth sequence in an ongoing transcriptom–study. At present 5100 genes were 
selected for profiling the skin of goat, the density of CDMA is only intermediate but a high 
density chip will be available soon. The results of the pilot study clearly show that 36 
candidate genes could be selected for genetic architecture study of cashmere development. 
The 29 high expressed genes involved in cashmere phenotype will be selected as candidate 
for future genetic polymorphism screen. In summary, CDMA analysis provides a powerful 
tool for investigating gene expression in goat. 
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