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            Abstract
Just over 2 years ago, TET1 was found to catalyse the oxidation of 5-methylcytosine, a well-known epigenetic mark, into 5-hydroxymethylcytosine in mammalian DNA. The exciting prospect of a novel epigenetic modification that may dynamically regulate DNA methylation has led to the rapid accumulation of publications from a wide array of fields, from biochemistry to stem cell biology. Although we have only started to scratch the surface, interesting clues on the role of 5-hydroxymethylcytosine are quickly emerging.
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                    Figure 1: Potential pathways for DNA demethylation.[image: ]


Figure 2: Mechanisms of gene expression control by 5-hydroxymethylcytosine and TETs.[image: ]
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Glossary
	Blastocyst
	
                  A pre-implantation embryo that contains a fluid-filled cavity (the blastocoel), a focal cluster of cells from which the embryo develops (the inner cell mass (ICM)), an epithelial layer of cells on the surface of the ICM (the primitive endoderm) and peripheral trophectoderm cells, which form the extra-embryonic part of the placenta.

                
	CCCTC binding factor
	
                  (CTCF). A zinc finger transcriptional repressor that recognizes and binds many sites in the genome and has insulator activity, as well as being important for higher-order chromatin organization.

                
	Click chemistry
	
                  A general term for chemical reactions with very high chemical yields and a large thermodynamic driving force. Reactions of this type are wide in scope, are stereospecific, are simple to perform and create products that are stable at physiological conditions and by-products that are easily removable.

                
	CpG islands
	
                  (CGIs). DNA sequences that have a considerably higher CG content than expected from the genome average. Most CGIs are depleted of DNA methylation and more than half of the CGIs in the genome are found in promoter regions of genes in mammals.

                
	Embryoid bodies
	
                  Spherical structures formed by differentiating embryonic stem cells in culture, which resemble the early embryo.

                
	Embryonic stem cells
	
                  (ESCs). Pluripotent cells that are established in culture from the inner cells mass of the blastocyst. These cells can self-renew indefinitely in culture and can differentiate into derivatives of all three embryonic cell lineages in vitro and in vivo.

                
	Inner cell mass
	
                  (ICM). A cluster of undifferentiated cells in the blastocyst, which give rise to the entire fetus and to some of its extra-embryonic (placental) tissues.

                
	Morula
	
                  A stage of pre-implantation development in which the embryo is a ball containing 8â€“32 cells inside the zona pellucida and precedes the formation of the blastocyst. The outer cells have a tendency to become the trophectoderm, and the inner cells have a tendency to become the inner cell mass, from which the epiblast and subsequently the fetal tissues form.

                
	Primordial germ cells
	
                  (PGCs). These cells arise in the early embryo and give rise to the mature gametes (oocyte and sperm). They are set aside early in development and migrate to the gonads, where they eventually undergo meiosis and develop into mature gametes.

                
	Pronucleus
	
                  Separate pronuclei form around the maternal and paternal genomes, respectively, shortly after fertilization in the mammalian embryo. Following DNA replication, the pronuclei dissolve and the zygote undergoes the first mitotic division.

                
	Teratomas
	
                  Tumours that contain differentiated cells from all three germ layers (ectoderm, mesoderm and endoderm) and that arise from germ cells or pluripotent cells.

                
	Trophectoderm
	
                  The outer layer of the blastocyst-stage embryo that gives rise to the trophoblast after implantation and will provide the bulk of the extra-embryonic lineages of the placenta.

                
	Trophoblast
	
                  The cell lineage that first emerges as the outer trophectoderm layer of the blastocyst and after implantation becomes the predominant cell type in extra-embryonic tissues of the placenta.

                



Rights and permissions
Reprints and permissions


About this article
Cite this article
Branco, M., Ficz, G. & Reik, W. Uncovering the role of 5-hydroxymethylcytosine in the epigenome.
                    Nat Rev Genet 13, 7â€“13 (2012). https://doi.org/10.1038/nrg3080
Download citation
	Published: 15 November 2011

	Issue Date: January 2012

	DOI: https://doi.org/10.1038/nrg3080


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

                
                    	
                            
                                
                                    
                                        Plasma cell-free DNA 5-hydroxymethylcytosine and whole-genome sequencing signatures for early detection of esophageal cancer
                                    
                                

                            
                                
                                    	Di Lu
	Xuanzhen Wu
	Kaican Cai


                                
                                Cell Death & Disease (2023)

                            
	
                            
                                
                                    
                                        New genetic and epigenetic insights into the chemokine system: the latest discoveries aiding progression toward precision medicine
                                    
                                

                            
                                
                                    	Hanli Xu
	Shuye Lin
	Jiaqiang Huang


                                
                                Cellular & Molecular Immunology (2023)

                            
	
                            
                                
                                    
                                        Tet Enzyme-Mediated Response in Environmental Stress and Stress-Related Psychiatric Diseases
                                    
                                

                            
                                
                                    	Meiling Xia
	Rui Yan
	Xingshun Xu


                                
                                Molecular Neurobiology (2023)

                            
	
                            
                                
                                    
                                        ROS attenuates TET2-dependent ZO-1 epigenetic expression in cerebral vascular endothelial cells
                                    
                                

                            
                                
                                    	Lan Wang
	Bei Mao
	Ying Liu


                                
                                Fluids and Barriers of the CNS (2022)

                            
	
                            
                                
                                    
                                        Overexpression of OASL upregulates TET1 to induce aberrant activation of CD4+ T cells in systemic sclerosis via IRF1 signaling
                                    
                                

                            
                                
                                    	Zhuotong Zeng
	Yaoyao Wang
	Rong Xiao


                                
                                Arthritis Research & Therapy (2022)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                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
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    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
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Publishing model
                                
                            
	
                                
                                    Editorial input and checks
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    Webcasts
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Calendars
                                
                            
	
                                
                                    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 Genetics (Nat Rev Genet)
                
                
    
    
        ISSN 1471-0064 (online)
    
    


                
    
    
        ISSN 1471-0056 (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 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: ]
