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            Key Points

                	
                  Soil is probably the most complex and heterogeneous microbial habitat on earth. The diversity of soil microbial communities exceeds that of other environments.

                
	
                  Soil metagenomics is a cultivation-independent molecular approach to explore and exploit the enormous diversity of soil microbial communities. This technology comprises isolation of soil DNA and production and screening of clone libraries.

                
	
                  The protocols for isolation of high-quality DNA from soil samples are based either on the recovery of cells and subsequent lysis, or on the direct lysis of cells in the sample followed by DNA purification.

                
	
                  Purified soil DNA is used to construct small-insert libraries in plasmid vectors or large-insert libraries in cosmid, fosmid or BAC (bacterial artificial chromosome) vectors. Small-insert libraries are useful to identify single genes or small operons that encode new metabolic functions, and large-insert libraries to recover complex pathways encoded by gene clusters and to characterize genomic fragments of uncultured soil microorganisms.

                
	
                  The screening strategies for metagenomic soil libraries are based either on activities of the library clones or on sequence similarities with known genes.

                
	
                  Screening of metagenomic soil libraries, especially by activity-based approaches, has led to the identification of various novel biomolecules, including enzymes and antibiotics of industrial importance. To increase gene detection frequencies, enrichment steps for soil microorganisms harbouring the desired traits can be used prior to library construction.

                


              

Abstract
Phylogenetic surveys of soil ecosystems have shown that the number of prokaryotic species found in a single sample exceeds that of known cultured prokaryotes. Soil metagenomics, which comprises isolation of soil DNA and the production and screening of clone libraries, can provide a cultivation-independent assessment of the largely untapped genetic reservoir of soil microbial communities. This approach has already led to the identification of novel biomolecules. However, owing to the complexity and heterogeneity of the biotic and abiotic components of soil ecosystems, the construction and screening of soil-based libraries is difficult and challenging. This review describes how to construct complex libraries from soil samples, and how to use these libraries to unravel functions of soil microbial communities.
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                    Figure 1: Essential steps to explore and exploit the genomic diversity of soil microbial communities by metagenomics.[image: ]


Figure 2: Examples of activity-based screens.[image: ]
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Glossary
	BIOTA
	
                  The organisms that occupy an ecosystem.

                
	HUMUS
	
                  A complex of heteropolymeric substances, including humic acids, humin and fulvic acids.

                
	ABIOTIC
	
                  Non-living objects, substances or processes.

                
	SUBSURFACE
	
                  The geological zone below the surface of the Earth. It is not exposed to the Earth's surface.

                
	CONSORTIUM
	
                  Physical association between cells of two or more types of microorganisms. Such an association might be advantageous to at least one of the microorganisms.

                



Rights and permissions
Reprints and permissions


About this article
Cite this article
Daniel, R. The metagenomics of soil.
                    Nat Rev Microbiol 3, 470â€“478 (2005). https://doi.org/10.1038/nrmicro1160
Download citation
	Issue Date: June 2005

	DOI: https://doi.org/10.1038/nrmicro1160


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
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Mining and rational design of psychrophilic catalases using metagenomics and deep learning models
                                    
                                

                            
                                
                                    	Shuning Wu
	Guoshun Xu
	Bo Liu


                                
                                Applied Microbiology and Biotechnology (2024)

                            
	
                            
                                
                                    
                                        Enhancing soil health and carbon sequestration through phytogenic treatment: insights into microbial functional pathways in pasture dieback affected soil
                                    
                                

                            
                                
                                    	Xipeng Ren
	Maria M. Whitton
	Yadav S. Bajagai


                                
                                Plant and Soil (2024)

                            
	
                            
                                
                                    
                                        An analysis of Great Salt Lake Winogradsky columns
                                    
                                

                            
                                
                                    	Sierra A. De Leon
	Anna E. Jackson
	Bonnie K. Baxter


                                
                                Journal of Oceanology and Limnology (2023)

                            
	
                            
                                
                                    
                                        Metagenomics and metatranscriptomics as potential driving forces for the exploration of diversity and functions of micro-eukaryotes in soil
                                    
                                

                            
                                
                                    	Bhupendra Narayan Singh Yadav
	Priyanka Sharma
	Rajiv Kumar Yadav


                                
                                3 Biotech (2023)

                            
	
                            
                                
                                    
                                        Metagenomic analysis revealed the potential of lactic acid bacteria in improving natural saline-alkali land
                                    
                                

                            
                                
                                    	Hai Tang
	Zhi Zhong
	Menghe Bilige


                                
                                International Microbiology (2023)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


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


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Credits
                                
                            
	
                                
                                    Editorial input and checks
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Publishing model
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    Calendars
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Conferences
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                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 Reviews Microbiology (Nat Rev Microbiol)
                
                
    
    
        ISSN 1740-1534 (online)
    
    


                
    
    
        ISSN 1740-1526 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	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 Korea
	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 â€” 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: ]
