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                    Abstract
Cell wall regenerating protoplasts from soybean cells kept in suspension culture were cocultivated with bacteria which were derived from the nopaline strain C58 of Agrobacterium tumefaciens. When the bacteria carried an oncogenic Ti-plasmid, about 5% of the surviving protoplasts were able to form calli on hormone-free agar in contrast to controls, where bacteria without Ti-plasmid were applied, and where no calli were formed. After isolation of DNA from hormone-independently growing cells further evidence for transformation was obtained by hybridization to Ti-plasmid specific RNA and by rescue of a segment with a bacterial resistance gene which had been inserted before into the T-DNA. Transfer of T-DNA harboring a neomycin-resistance gene activated by the nos-promoter resulted in calli growing on kanamycin. Verification of segments located at the left and the right part of the T-DNA indicated the presence of its entire length in transformed soybean cells. Expression of T-DNA genes was measured by the assay of nopaline-synthase. Cells cultured on agar had a much higher level of nopaline-synthase than fast growing cells in suspension culture. Transferring them to agar or treatment with azacytidine strongly increased synthesis of nopaline-synthase indicating a reversible repression presumably via a methylation mechanism.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Agrobacterium tumefaciens-Mediated Plant Transformation: A Review
                                        
                                    

                                    
                                        Article
                                        
                                         20 June 2023
                                    

                                

                                Shahnam Azizi-Dargahlou & Mahin pouresmaeil

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Chloroplast transformation in new cultivars of tomato through particle bombardment
                                        
                                    

                                    
                                        Article
                                        
                                         25 March 2024
                                    

                                

                                Neha Tanwar, Binod K. Mahto, … Sangram K. Lenka

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Agrobacterium-Mediated Transformation for the Development of Transgenic Crops; Present and Future Prospects
                                        
                                    

                                    
                                        Article
                                        
                                         13 August 2023
                                    

                                

                                Saleem Ur Rahman, Muhammad Omar Khan, … Ghulam Raza

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Amasino RM, Powell ALT, Gordon MP: Changes in T-DNA methylation and expression are associated with phenotypic variation and plant regeneration in a crown gall tumor line. Mol Gen Genet 197: 437–446, 1984.

                    Google Scholar 
                

	An G: High efficiency transformation of cultured tobacco cells. Plant Physiol 79: 568–570, 1985.

                    Google Scholar 
                

	Barwale UB, Kerns HR, Widholm JM: Plant regeneration from callus cultures of several soybean genotypes via embryogenesis and organogenesis. Planta 167: 473–481, 1986.

                    Google Scholar 
                

	Busslinger M, Hurst J, Flavell RA: DNA methylation and the regulation of globin gene expression. Cell 34: 197–206, 1983.

                    Google Scholar 
                

	DePicker A, DeWilde M, DeVos G, DeVos R, VanMontagu M, Schell J: Molecular cloning of overlapping segments of the nopaline Ti-plasmid pTiC58 as a means to restriction endonuclease mapping. Plasmid 3: 193–211, 1980.

                    Google Scholar 
                

	DePicker A, Herman L, Jacobs A, Schell J, VanMontagu M: Frequencies of simultaneous transformation with different T-DNAs and their relevance to the Agrobacterium/plant cell interaction. Mol Gen Genet 201: 477–484, 1985.

                    Google Scholar 
                

	Ellis JG, Kerr A, Petit A, Tempé J: Conjugal transfer of nopaline and agropine Ti-plasmids-The role of agrocinopines. Mol Gen Genet 186: 269–274, 1982.

                    Google Scholar 
                

	Fraley RT, Rogers SG, Horsch RB, Eichholtz DA, Flick JS, Fink CL, Hoffmann NL, Sanders PR The SEV system: a new disarmed Ti plasmid vector system for plant transformation. Biotechnology 3: 629–635, 1985.

                    Google Scholar 
                

	Gamborg OL, Miller RA, Ojima K: Nutrient requirements of suspension cultures of Soybean root cells. Exper Cell Res 50: 151–158, 1968.

                    Google Scholar 
                

	Geider K, Hohmeyer C, Haas R, Meyer TF: A plasmid cloning system utilizing replication and packaging functions of the filamentous bacteriophage fd. Gene 33: 341–349, 1985.

                    Google Scholar 
                

	Gheysen G, Dhaese P, Van Montagu M, Schell J: DNA flux across genetic barriers: The crown gall phenomenon. In: Hohn B, Dennis ES (eds) Advances in Plant Gene Research, Vol. 2, Genetic Flux in Plants. Springer Verlag, Wien, pp. 11–47.

	Hepburn AG, Clarke LE, Pearson L, White J: The role of cytosine methylation in the control of nopaline synthase gene expression in a plant tumor. J Mol Appl Genet 2: 315–329, 1983.

                    Google Scholar 
                

	Hernalsteens J-P, Thia-Toong L, Schell J, VanMontagu M An Agrobacterium-transformed cell culture from the monocot Asparagus officinalis EMBO J 3: 3039–3041, 1984.

                    Google Scholar 
                

	Hooykaas PJJ, Schilperoort RA: The molecular genetics of crown gall tumorigenesis. Advances in Genetics 22: 209–283, 1984.

                    Google Scholar 
                

	Hooykaas-Van Slogteren GMS, Hooykaas PJJ, Schilperoort RA: Expression of Ti plasmid genes in monocotyledonous plants infected with Agrobacterium tumefaciens Nature 311: 763–764, 1984.

                    Google Scholar 
                

	Joos H, Inzé D, Caplan A, Sormann M, VanMontagu M, Schell J: Genetic analysis of T-DNA transcripts in nopaline crown galls. Cell 32: 1057–1067, 1983.

                    Google Scholar 
                

	Kruczek I, Doerfler W: Expression of the chloramphenicol acetyltransferase gene in mammalian cells under control of adenovirus type 12 promoters: effect of promoter methylation of gene expression. Proc Natl Acad Sci USA 80: 7586–7590, 1983.

                    Google Scholar 
                

	Lörz H, Baker B, Schell J: Gene transfer to cereal cells mediated by protoplast transformation. Mol Gen Genet 199: 178–182, 1985.

                    Google Scholar 
                

	Márton L, Wullems GJ, Molendijk L, Schilperoort RA: In vitro transformation of cultured cells from Nicotiana tabacum by Agrobacterium tumefaciens Nature 277: 129–131, 1979.

                    Google Scholar 
                

	Melton DA, Krieg PA, Rebagliati MR, Maniatis T, Zinn K, Green MR: Efficient in vitro synthesis of biologically active RNA and RNA hybridization probes from plasmids containing a bacteriophage SP6 promoter. Nucl Acids Res 12: 7035–7056, 1984.

                    Google Scholar 
                

	Murray MG, Thompson WF: Rapid isolation of high molecular weight plant DNA. Nucl Acids Res 8: 4321–4325, 1980.

                    Google Scholar 
                

	Nester EW, Gordon MP, Amasino RM, Yanofsky MF: Crown gall: A molecular and physiological analysis. Annu Rev Plant Physiol 35: 387–413, 1984.

                    Google Scholar 
                

	Otten LABM, Schilperoort RA: A rapid micro scale method for the detection of lysopine and nopaline dehydrogenase activities. Biochim Biophys Acta 527: 497–500, 1978.

                    Google Scholar 
                

	Pedersen HC, Christiansen J, Wyndaele R: Induction and in vitro culture of soybean crown gall tumors. Plant Cell Reports 2: 201–204, 1983.

                    Google Scholar 
                

	Peerbolte R, Leenhouts K, Hooykaas-van Slogteren GMS, Wullems GJ, Schilperoort RA: Clones from a shooty tobacco crown gall tumor II: irregular T-DNA structures and organization, T-DNA methylation and conditional expression of opine genes. Plant Mol Biol 7: 285–299, 1986.

                    Google Scholar 
                

	Potrykus I, Saul MW, Petruska J, Paszkowski J, Shillito RD: Direct gene transfer to cells of a graminaceous monocot. Mol Gen Genet 199: 183–188, 1985.

                    Google Scholar 
                

	Schweitzer S, Blohm D, Geider K: Expression of Ti-plasmid DNA in E. coli: Comparison of homologous fragments cloned from Ti plasmids of Agrobacterium strains C58 and Ach5. Plasmid 4: 196–204, 1980.

                    Google Scholar 
                

	Shillito RD, Paszkowski J, Potrykus I: Agarose plating and a bead type culture technique enable and stimulate development of protoplast-derived colonies in a number of plant species. Plant Cell Reports 2: 244–247, 1983.

                    Google Scholar 
                

	Uchimiya H, Fushimi T, Hashimoto H, Harada H, Syono K, Sugawara Y: Expression of a foreign gene in callus derived from DNA-treated protoplasts of rice (Oryza sativa L.). Mol Gen Genet 204: 204–207, 1986.

                    Google Scholar 
                

	VanLijsebettens M, Inzé Schell J, VanMontagu M: Transformed cell clones as a tool to study T-DNA integration mediated by Agrobacterium tumefaciens J Mol Biol 188: 129–145, 1986.

                    Google Scholar 
                

	VanSlogteren GMS, Hooykaas PJJ, Schilperoort RA: Silent T-DNA genes in plant lines transformed by Agrobacterium tumefaciens are activated by grafting and by 5-azacytidine treatment. Plant Mol Biol 3: 333–336, 1984.

                    Google Scholar 
                

	Wahl GM, Stern M, Stark GR: Efficient transfer of large DNA fragments from agarose gels to diazobenzyloxymethyl-paper and rapid hybridization by using dextran sulfate. Proc Natl Acad Sci USA 76: 3683–3687, 1979.

                    Google Scholar 
                

	Weber G, Lark KG: Quantitative measurement of the ability of different mutagens to induce an inherited change in phenotype to allow maltose utilization in Glycine max (L.) Merr. Genetics 98: 213–222, 1980.

                    Google Scholar 
                

	Young RA, Davis RW: Efficient isolation of genes by using antibody probes. Proc Natl Acad Sci USA 80: 1194–1198, 1983.

                    Google Scholar 
                

	Zahm P, Hohmeyer C, Geider K: Site-specific mutagenesis of the Ti plasmid by transformation of Agrobacterium tumefaciens with mutagenized T-DNA fragments cloned in E. coli plasmids. Mol Gen Genet 194: 188–194, 1984.

                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Abteilung Molekulare Biologie, Max-Planck-Institut für medizinische Forschung, Jahnstrasse 29, D-6900, Heidelberg, FRG
Robert Baldes, Marion Moos & Klaus Geider


Authors	Robert BaldesView author publications
You can also search for this author in
                        PubMed Google Scholar



	Marion MoosView author publications
You can also search for this author in
                        PubMed Google Scholar



	Klaus GeiderView author publications
You can also search for this author in
                        PubMed Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Baldes, R., Moos, M. & Geider, K. Transformation of soybean protoplasts from permanent suspension cultures by cocultivation with cells of Agrobacterium tumefaciens
.
                    Plant Mol Biol 9, 135–145 (1987). https://doi.org/10.1007/BF00015646
Download citation
	Received: 05 December 1986

	Revised: 16 February 1987

	Accepted: 06 May 1987

	Issue Date: March 1987

	DOI: https://doi.org/10.1007/BF00015646


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
                        


Key words
	azacytidine
	DNA/RNA hybridization
	gene expression
	marker rescue
	nopaline-synthase
	plant tumor cells
	Ti-plasmid








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					54.86.132.143
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    