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            Abstract
Phosphorites of the Ediacaran Doushantuo Formation (∼600 million years old) yield spheroidal microfossils with a palintomic cell cleavage pattern1,2. These fossils have been variously interpreted as sulphur-oxidizing bacteria3, unicellular protists4, mesomycetozoean-like holozoans5, green algae akin to Volvox6,7, and blastula embryos of early metazoans1,2,8,9,10 or bilaterian animals11,12. However, their complete life cycle is unknown and it is uncertain whether they had a cellularly differentiated ontogenetic stage, making it difficult to test their various phylogenetic interpretations. Here we describe new spheroidal fossils from black phosphorites of the Doushantuo Formation that have been overlooked in previous studies. These fossils represent later developmental stages of previously published blastula-like fossils, and they show evidence for cell differentiation, germ–soma separation, and programmed cell death. Their complex multicellularity is inconsistent with a phylogenetic affinity with bacteria, unicellular protists, or mesomycetozoean-like holozoans. Available evidence also indicates that the Doushantuo fossils are unlikely crown-group animals or volvocine green algae. We conclude that an affinity with cellularly differentiated multicellular eukaryotes, including stem-group animals or algae, is likely but more data are needed to constrain further the exact phylogenetic affinity of the Doushantuo fossils.
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                    Figure 1: Early developmental stages of Megasphaera.[image: ]


Figure 2: Megaclonophycus-like fossils with dividing cell packets.[image: ]


Figure 3: Megaclonophycus-like fossils with matryoshkas.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Measurements of Megaclonophycus-like fossils with cell packets and matryoshkas.
a, b, Cross-plots of specimen size (that is, diameter of spheroidal fossils), cell number, and diameter of blastomere-like cells, showing the constancy of spheroidal size, independency of spheroidal size on cell size, and power relationship between cell number and cell diameter, as predicted from palintomic cell division. The relationship confirms that the Megaclonophycus-like fossils with cell packets and matryoshkas follow an ontogenetic trajectory established by Parapandorina- and Megaclonophycus-stage fossils. Measurements were made on thin-section specimens in our collection as well as on extracted specimens from published material1,2,31,32,33,34,35. Each data point represents a single specimen, with its diameter averaged between maximum and minimum dimensions. Cell diameter is averaged among all observable cells, excluding cell packets and matryoshkas. In Parapandorina-stage specimens, cell number was determined from actual count whenever possible. In Megaclonophycus-stage specimens, cell number was estimated from random close packing of spherical cells (64% packing density36). In Megaclonophycus-like specimens with cell packets and matryoshkas, cell number was also estimated from random close packing of spherical cells, but assuming that the volumes of cell packets or matryoshkas were occupied by spherical blastomere-like cells. c, d, Cross-plots of matryoshka diameter, cell number in matryoshkas, and average cell size in matryoshkas, showing constancy of cell size, independency of matryoshka size on cell size, and power relationship between matryoshka diameter and cell number, as predicted from the continuing growth of matryoshkas. Each data point represents a single matryoshka, with its diameter averaged between its maximum and minimum dimensions. Cell diameter is averaged among all observable cells encountered in thin sections. Cell number was estimated from tight packing of polyhedral cells (100% packing density). See Source Data for measurements.
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Doushantuo microfossil mysteries
The Ediacaran, around 600 million years ago, just before the 'Cambrian explosion', is a crucial but little-known time in evolution. Many Ediacaran fossils have defied all attempts to categorize them. The microfossils from the Doushantuo phosphorites in China are particularly baffling, and have been thought to represent everything from bacteria to protists to algae to the early embryos of animals. Shuhai Xiao and colleagues describe spheroidal microfossils from the Doushantuo phosphorites that show clear signs of cell differentiation, programmed cell death, and separation between soma and germline — but which otherwise do not resemble any of the groups we are familiar with. It seems that these fossils represent a hitherto unknown experiment in multicellular life like nothing on Earth today.

show all

    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	protocols.io
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter — what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
