

	
	

	









	




	







	









		

		
		

	
	




	
	


	
	



	
	


	
	
	
	
	
	
		
			
			
		

		
		
	

	

	



	
	
	
	

	







	















	Skip to main content






    


	
	
		
	






	

	

	
	

	

	
		

	
	












			

			





			






	




	


	
	





	








	

	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
	

	
	
		
		
		
	


















	
		
	

	

	
		
	

	







	
		
		
		

		
		
		
		
			
				
				









	
	    












    
    






    
    







    




    






    
        
        
        
            
            

            

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    [image: PDF icon]Download This Paper
                    
                
            

        
    
        
    

            
            
                

                

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Open PDF in Browser
                    
                
            

        
    
        
    
            
        

    






    
        
    


    
            
            
                
            
            
                
        Add Paper to My Library
        
        

    















	














	
	    







 



	




	







	




































    



			

			
				
				
				
				
				
						
				
				
				
					
						Share:
							
	
	
	


					

					
				
				
				




				
				

    
        
        
        
            

		
		
		
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
		

		
            

		
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
				
			
		
			
				
			
		
			
		

		
            

            
        

        
    

    


    




				
				
					

					
					Permalink

						Using these links will ensure access to this page indefinitely

						
							
							Copy URL
						

						
							
								
								Copy DOI
								

							

						
				

				
			

		


		
			
				
				


    
        
    
	
		
		







	
	    





		
		
			
			[image: puc-header]
			
		

	



	
	
		
	

	
	
		
		
	

	
	

	
	
		




	
	
	Genome Encode Analyses Reveal the Basis of Convergent Evolution of Fleshy Fruit

	 
		
			
			
			
			
				Cell
			
		

	
    
	

	
	
		
		
			113 Pages
		
		

		Posted: 9 Apr 2018
		
		
		
			Publication Status: Review Complete
		
	

	
			
			
				




	See all articles by Peitao LüPeitao Lü
The Chinese University of Hong Kong (CUHK) - State Key Laboratory of Agrobiotechnology
Sheng Yu
The Chinese University of Hong Kong (CUHK) - State Key Laboratory of Agrobiotechnology
Ning Zhu
The Chinese University of Hong Kong (CUHK) - State Key Laboratory of Agrobiotechnology
Yun-Ru Chen
The Chinese University of Hong Kong (CUHK) - State Key Laboratory of Agrobiotechnology
Biyan Zhou
South China Agricultural University - College of Horticulture
Yu Pan
Southwest University - College of Horticulture and Landscape Architecture
David Tzeng
The Chinese University of Hong Kong (CUHK) - State Key Laboratory of Agrobiotechnology
Joao Paulo Fabi
University of São Paulo (USP) - Department of Food Science and Experimental Nutrition
Jason Argyris
Autonomous University of Barcelona - Center for Research in Agricultural Genomics (CRAG)
Jordi Garcia-Mas
Autonomous University of Barcelona - Center for Research in Agricultural Genomics (CRAG)
Nengui Ye
Hong Kong Baptist University (HKBU) - Department of Biology
Jianhua Zhang
Hong Kong Baptist University (HKBU) - Department of Biology
Donald Grierson
University of Nottingham - Plant and Crop Sciences
Jenny Xiang
Cornell University - Weill Cornell Medicine
Zhangjun Fei
Government of the United States of America - Agricultural Research Service (ARS)
James Giovannoni
Government of the United States of America - Agricultural Research Service (ARS)
Silin Zhong
The Chinese University of Hong Kong (CUHK) - State Key Laboratory of Agrobiotechnology


			

			More...
	
	
	
	
	



	
	
	
	
		
		
	
	

	
	
		
		
	

	
	
		
	
	
		Abstract

		Fleshy fruit evolved independently multiple times during flowering plant (angiosperm) history yet many utilize the hormone ethylene to regulate ripening. The fruitENCODE project highlights three evolutionary origins of ripening regulatory circuits. Eudicots that experienced recent whole-genome duplications (WGDs) evolved their regulatory systems using duplicated floral identity genes, while others without WGD utilised carpel senescence genes. The monocot banana uses both duplicated floral-identity and leaf senescence genes, forming two interconnected regulatory circuits. Epigenetic marks restricting the expression of key ripening regulators could be tracked to their direct ancestral orthologs. Our findings suggest that evolution of climacteric fruit was constrained by limited optimal signalling molecules and genetic and epigenetic materials, and WGD provided new resources for plants to circumvent this limit. Understanding these mechanisms could improve quality, yield and minimize postharvest losses. 


	

	

	
		
		


	

	
	

		
		

	
	


	

	
	
	
		
	
	
	

	
	
	

	
    

    
	

	
	
	

	
	

























    	
	
	
	
   	
	
	
	
	
	            
	















	











    
    










    
    
    
    
















	



    




	
		Suggested Citation:
		Suggested Citation
	

	
		
			Lü,  Peitao and Yu,  Sheng and Zhu,  Ning and Chen,  Yun-Ru and Zhou,  Biyan and Pan,  Yu and Tzeng,  David and Fabi,  Joao Paulo and Argyris,  Jason and Garcia-Mas,  Jordi and Ye,  Nengui and Zhang,  Jianhua and Grierson,  Donald and Xiang,  Jenny and Fei,  Zhangjun and Giovannoni,  James and Zhong,  Silin, Genome Encode Analyses Reveal the Basis of Convergent Evolution of Fleshy Fruit (2018).  Available at SSRN: https://ssrn.com/abstract=3155803 or http://dx.doi.org/10.2139/ssrn.3155803 
		
	

	

	
	
		
			This version of the paper has not been formally peer reviewed.
		

	
	

	
		
	

	
		




	

	
	
		

	










    
    










    
    
    
    





















	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	


	























	
	

		

		

		
		
		

		
		
			
				
					
						Peitao Lü

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				The Chinese University of Hong Kong (CUHK) - State Key Laboratory of Agrobiotechnology 

			

			
			
				
				
				
					Hong Kong

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Sheng Yu

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				The Chinese University of Hong Kong (CUHK) - State Key Laboratory of Agrobiotechnology 

			

			
			
				
				
				
					Hong Kong

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Ning Zhu

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				The Chinese University of Hong Kong (CUHK) - State Key Laboratory of Agrobiotechnology 

			

			
			
				
				
				
					Hong Kong

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Yun-Ru Chen

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				The Chinese University of Hong Kong (CUHK) - State Key Laboratory of Agrobiotechnology 

			

			
			
				
				
				
					Hong Kong

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Biyan Zhou

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				South China Agricultural University - College of Horticulture 

			

			
			
				
				
				
					Guangzhou, 510642
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Yu Pan

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Southwest University - College of Horticulture and Landscape Architecture 

			

			
			
				
				
				
					Chongqing, 400715
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						David Tzeng

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				The Chinese University of Hong Kong (CUHK) - State Key Laboratory of Agrobiotechnology 

			

			
			
				
				
				
					Hong Kong

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Joao Paulo Fabi

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				University of São Paulo (USP) - Department of Food Science and Experimental Nutrition 

			

			
			
				
				
				
					Ribeirão Preto - SP
Brazil

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Jason Argyris

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Autonomous University of Barcelona - Center for Research in Agricultural Genomics (CRAG) 

			

			
			
				
				
				
					Barcelona
Spain

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Jordi Garcia-Mas

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Autonomous University of Barcelona - Center for Research in Agricultural Genomics (CRAG) 

			

			
			
				
				
				
					Barcelona
Spain

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Nengui Ye

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Hong Kong Baptist University (HKBU) - Department of Biology 

			

			
			
				
				
				
					Cha Chi-ming Science Tower
Ho Sin Hang Campus
Kowloon Tong
Hong Kong

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Jianhua Zhang

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Hong Kong Baptist University (HKBU) - Department of Biology 

			

			
			
				
				
				
					Cha Chi-ming Science Tower
Ho Sin Hang Campus
Kowloon Tong
Hong Kong

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Donald Grierson

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				University of Nottingham - Plant and Crop Sciences 

			

			
			
				
				
				
					Sutton Bonington Campus
Nr Loughborough, LE12 5RD
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Jenny Xiang

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Cornell University - Weill Cornell Medicine 

			

			
			
				
				
				
					1300 York Avenue
New York, NY  10065
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Zhangjun Fei

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Government of the United States of America - Agricultural Research Service (ARS) 

			

			
			
				
				
				
					Jamie L. Whitten Building
1400 Independence Ave., S.W.
Washington, DC  20250
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						James Giovannoni

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Government of the United States of America - Agricultural Research Service (ARS) 

			

			
			
				
				
				
					Jamie L. Whitten Building
1400 Independence Ave., S.W.
Washington, DC  20250
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Silin Zhong (Contact Author)

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				The Chinese University of Hong Kong (CUHK) - State Key Laboratory of Agrobiotechnology  ( email )

			

			
			
				
				
				
					Hong Kong

				

				
			

			

		

		
	

	





	

	

	
	
		
	

	

	
	




				
				
				









	
	    












    
    






    
    







    









    
        
        
        
            
            

            

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    [image: PDF icon]Download This Paper
                    
                
            

        
    
        
    

            
            
                

                

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Open PDF in Browser
                    
                
            

        
    
        
    
            
        

    




















	














	
	    







 



	




	







	







































				
					
						

						
						Please enable JavaScript to view the comments powered by Disqus.

					

				

				

				
					
						

						
						

						

						
						

					
				

			


			
				
					
						
						
	










	
	    














	
	    














	
	    







	
		Click here to go to Cell.com

		
			

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Go to Cell.com
                    
                
            

        
    
        
    
		

	



					

				
				
					
					


	












	
	
	








	
		
			Paper statistics

		

	


	
		
		 
			
				Downloads

				       37

			

		
		
		
			Abstract Views

			    1,391

		

		
		
	


	
		
            
            	        3 Citations
		

	

	
		
			
				        3 References
		

	



	
		PlumX Metrics

		
			
		

		
			
		

	





				


				
				
					
					

					
						
					

					
						
					

					
						
					

					
						
							
								
									
										Cell Press Journals on Sneak Peek
									

									
										
											All Journals (9196)
										
											Cancer Cell (105)
										
											Cell (577)
										
											Cell Chemical Biology (141)
										
											Cell Genomics (21)
										
											Cell Host & Microbe (186)
										
											Cell Metabolism (144)
										
											Cell Press Community (115)
										
											Cell Reports (2103)
										
											Cell Reports Medicine (226)
										
											Cell Reports Methods (166)
										
											Cell Reports Physical Science (210)
										
											Cell Reports Sustainability (0)
										
											Cell Stem Cell (155)
										
											Cell Systems (84)
										
											Chem (155)
										
											Chem Catalysis (0)
										
											Current Biology (652)
										
											Developmental Cell (284)
										
											Device (0)
										
											Immunity (242)
										
											iScience (2199)
										
											Joule (307)
										
											Matter (146)
										
											Med (40)
										
											Molecular Cell (191)
										
											Neuron (395)
										
											One Earth (84)
										
											Patterns (121)
										
											Structure (141)
										
									

								

							
						

					

				
				
					

    
        
            Related eJournals

        	
                    Sustainable Technology eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Sustainable Technology eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              605

                                    

                                    
                                        PAPERS

                                            9,862

                                    

                                

                                
                            

                        

                    

                
	
                    Agricultural & Natural Resource Economics eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Agricultural & Natural Resource Economics eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              524

                                    

                                    
                                        PAPERS

                                           20,433

                                    

                                

                                
                            

                        

                    

                


            

            
                
                

                	
                    Anthropology of Agriculture & Nutrition eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Anthropology of Agriculture & Nutrition eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              383

                                    

                                    
                                        PAPERS

                                            3,112

                                    

                                

                                
                            

                        

                    

                
	
                    Innovation & Geography eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Innovation & Geography eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              179

                                    

                                    
                                        PAPERS

                                            5,235

                                    

                                

                                
                            

                        

                    

                
	
                    Biotechnology eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Biotechnology eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              175

                                    

                                    
                                        PAPERS

                                            4,904

                                    

                                

                                
                            

                        

                    

                
	
                    Botany eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Botany eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               70

                                    

                                    
                                        PAPERS

                                            1,390

                                    

                                

                                
                            

                        

                    

                
	
                    Evolutionary Ecology eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Evolutionary Ecology eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               44

                                    

                                    
                                        PAPERS

                                              900

                                    

                                

                                
                            

                        

                    

                
	
                    Cell Press

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Cell Press

                                
                                    Subscribe to this free journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               20

                                    

                                    
                                        PAPERS

                                            9,196

                                    

                                

                                
                            

                        

                    

                



                
            

            
        
        
        
                 
        
        

    


				


				
					
					

















				

			

		


		
				
					Feedback
					
				

			

			


	
		
		Feedback to SSRN

		
			
				
					Feedback
					 (required)
				
				
			

			
				
					Email
					 (required)
				
				
			

			
				Submit
				
			
		

		

		If you need immediate assistance, call 877-SSRNHelp (877 777 6435) in the United States, or +1 212 448 2500 outside of the United States, 8:30AM to 6:00PM U.S. Eastern, Monday - Friday.

	







	

	
	
		
		

	




	
	





  
  

	
	
		
	


	
	
		
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	


	
	
	






		
		









	
		
	






	
		
			
			
				SSRN Quick Links 

					SSRN Solutions
	Research Paper Series
	Conference Papers
	Partners in Publishing
	Jobs & Announcements
	Special Topic Hubs


			

			
				SSRN Rankings 

					Top Papers
	Top Authors
	Top Organizations


			

			
				About SSRN 

					Network Directors
	Announcements
	Contact us
	FAQs


			

			
		

			
	
	


		
			
				
			

			
				
					Copyright
					Terms and Conditions
					Privacy Policy
				

				
					All content on this site: Copyright © 2023 Elsevier Inc., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar technologies. For all open access content, the Creative Commons licensing terms apply.

					We use cookies to help provide and enhance our service and tailor content.

					To learn more, visit
					Cookie Settings.
					
						
							
							This page was processed by aws-apollo-l200 in   0.274 seconds 
						
					
					

				

			

			
				
			

		

	









	
		
		
		
		


    
        
        
        

        
        
                
                
                    
                
            
    

    

    


		






    























    




    








	


		[image:  ]

		
		
		
		
		
		
		
		
		
		
	
