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                    Abstract

                        Dendrobium officinale is a critically endangered and valuable medicinal herb. In this study, two transcriptome libraries were constructed from 2-year-old stems of two cultivated varieties and sequenced with the Ion Torrent PGM™ platform. A total of 51,683 all-transcripts with average length of 505 bp, and 40,405 all-unigenes with N50 of 644 bp were achieved. Totally, 8527 potential genic simple sequence repeats (SSRs) were identified from 7332 (18.15%) unigene sequences, of which 1023 (2.53%) unigenes contained more than one SSR. Finally, 68 locus-specific primer pairs were designed, and 17 of them produced polymorphic products in D. officinale individuals. The number of alleles per locus ranged from 2 to 15, the observed and expected heterozygosity estimates ranged from 0.194 to 0.903 and from 0.360 to 0.893, respectively. These loci were further tested for cross-species transferability to D. huoshanense. All the 17 primer pairs were successfully amplified to yield locus-specific PCR products in D. huoshanense. Due to their high level of polymorphism and transferability, these genic SSR markers are valuable tools not only for germplasm conservation of this species but also for phylogenetic studies of Dendrobium.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1


Fig. 2



                        

                    

                    
                        
                    


                    
                        
                            
                        
                    

                    

                    

                    References
	Conesa A, Götz S (2008) Blast2GO: a comprehensive suite for functional analysis in plant genomics. Int J Plant Genomics 2008:1–13
Article 
    
                    Google Scholar 
                

	Grabherr MG, Haas BJ, Yassour M, Levin JZ, Thompson DA, Amit I, Adiconis X, Fan L, Raychowdhury R, Zeng Q, Chen Z, Mauceli E, Hacohen N, Gnirke A, Rhind N, di Palma F, Birren BW, Nusbaum C, Lindblad-Toh K, Friedman N, Regev A (2011) Full-length transcriptome assembly from RNA-Seq data without a reference genome. Nat Biotechnol 29(7):644–652

	Gu S, Ding XY, Wang Y, Zhou Q, Ding G, Li X, Qian L (2007) Isolation and characterization of microsatellite markers in Dendrobium officinale, an endangered herb endemic to China. Mol Ecol Resour 7(6):1166–1168
Article 
    CAS 
    
                    Google Scholar 
                

	Hsieh YS, Chien C, Liao SK, Liao SF, Hung WT, Yang WB, Lin CC, Cheng TJ, Chang CC, Fang JM (2008) Structure and bioactivity of the polysaccharides in medicinal plant Dendrobium huoshanense. Bioorg Med Chem 16(11):6054–6068
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Korf I, Yandell M, Bledell J (2003) BLAST-an essential guide to the basic local alignment search tool. O’Reilly Associates, Sebastopol, CA

	Li B, Dewey C (2011) RSEM: accurate transcript quantification from RNA-seq data with or without a reference genome. BMC Bioinformatics 12:323
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Lu JJ, Gao L, Kang JY, Feng SG, He RF, Wang HZ (2013) Thirteen novel polymorphic microsatellite markers for endangered Chinese endemic herb Dendrobium Officinale. Conser Genet Resour 5:359–361
Article 
    
                    Google Scholar 
                

	Mao X, Cai T, Olyarchuk JG, Wei L (2005) Automated genome annotation and pathway identification using the KEGG Orthology (KO) as a controlled vocabulary. Bioinformatics 21:3787–3793
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ng TB, Liu J, Wong JH, Ye X, Sze SCW, Tong Y, Zhang KY (2012) Review of research on Dendrobium, a prized folk medicine. Appl Microbiol Biotechnol 93:1795–1803
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Pan LH, Li XF, Wang MN, Zha XQ, Yang XF, Liu ZJ, Luo YB, Luo JP et al (2014) Comparison of hypoglycemic and antioxidative effects of polysaccharides from different Dendrobium species. Int J Biol Macromol 64:420–427
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Peakall R, Smouse PE (2012) GenAIEx 6.5: genetic analysis in Excel. Population genetic software for teaching and research—an update. Bioinformatics 28:2537–2539
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Takamiya T, Wongsawad P, Tajima N, Shioda N, Lu JF, Wen CL, Wu JB, Handa T, Iijima H, Kitanaka S et al (2011) Identification of Dendrobium species used for herbal medicines based on ribosomal DNA internal transcribed spacer sequence. Biol Pharm Bull 34:779–782
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wang L, Feng Z, Wang X, Wang X, Zhang X (2010) DEGseq: an R package for identifying differentially expressed genes from RNA-seq data. Bioinformatics 26:136–138
Article 
    PubMed 
    
                    Google Scholar 
                

	Xu W, Zhang F, Lu B, Cai X, Hou B, Feng Z, Ding X (2011) Development of novel chloroplast microsatellite markers for Dendrobium officinale, and cross-amplification in other Dendrobium species (Orchidaceae). Sci Hortic 128(4):485–489
Article 
    CAS 
    
                    Google Scholar 
                

	Young MD, Wakefield MJ, Smyth GK, Oshlack A (2010) Gene ontology analysis for RNA-seq: accounting for selection bias. Genome Biol 11:R14
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                


Download references




Acknowledgments
This research was supported by the Applied Basic Research Program of Guizhou Province ([2014]200208), the Key Science and Technology Program of Guizhou Province ([2013]3150), the Priority Academic Program Development of Jiangsu Higher Education Institutions (PAPD), and the Collaborative Innovation Plan of Jiangsu Higher Education (CIP).

                Authors’ contributions

                M X designed the experiments and conducted transcriptome sequencing, drafted the manuscript. XL and J-WW performed the SSR experiments. MX, S-YT, J-QS, and Y-Y Li collected plant materials. MX and J-WW analyzed the data. M-RH help to coordinate the experiments. All authors read and approved the manuscript.

              

Author information
Authors and Affiliations
	Co-Innovation Center for Sustainable Forestry in Southern China, Nanjing Forestry University, 159 Longpan Road, Nanjing, Jiangsu, 210037, China
Meng Xu, Xin Liu, Jian-Wen Wang & Min-Ren Huang

	Suzhou Shenyuan Bio-Tech Co., Ltd, Suzhou, 215200, China
Shi-Yuan Teng & Ji-Qing Shi

	Guizhou Academy of Sciences, Guiyang, 550001, China
Yuan-Yuan Li


Authors	Meng XuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Xin LiuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jian-Wen WangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Shi-Yuan TengView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ji-Qing ShiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yuan-Yuan LiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Min-Ren HuangView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Meng Xu.


Ethics declarations

              
              
                Conflict of interest

                The authors declare that they have no conflict of interest.

              
            

Electronic supplementary material

Supplementary Table S1
Summary for the annotation of assembled unigenes (DOC 30 kb)


Supplementary Table S2
Differentially expressed genes between BS and GS (XLS 464 kb)


Supplementary Table S3
GO enrichment statistics of the differentially expressed genes (XLS 1070 kb)


Supplementary Table S4
KEGG enrichment statistic of the differentially expressed genes (XLS 134 kb)


Supplementary Figure S1
KOG functional classification of all unigenes. 8241 (20.40%) unignes showed significant similarity to sequences in KOG databases, and were clustered into 25 categories. (DOC 155 kb)


Supplementary Figure S2
KEGG clssification of assembled unigenes. A total of 9643 unigenes were assigned to 5 KEGG biochemical pathways (Hierarchy1): Cellular Processes (A), Environmental Information Processing (B), Genetic Information Processing (C), Metabolism (D) and Organismal Systems (E). (DOC 265 kb)


Supplementary File S1
Sequence information of 40,405 unigenes (FASTA 19506 kb)





Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Xu, M., Liu, X., Wang, JW. et al. Transcriptome sequencing and development of novel genic SSR markers for Dendrobium officinale
                  .
                    Mol Breeding 37, 18 (2017). https://doi.org/10.1007/s11032-016-0613-5
Download citation
	Received: 11 June 2016

	Accepted: 22 December 2016

	Published: 03 February 2017

	DOI: https://doi.org/10.1007/s11032-016-0613-5


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	
                Dendrobium officinale
              
	Genic SSR
	Ion torrent platform
	Genetic diversity








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					54.167.237.20
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    