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            Abstract
An important development in understanding the influence of chromatin on gene regulation has been the finding that DNA methylation and histone post-translational modifications lead to the recruitment of protein complexes that regulate transcription. Early interpretations of this phenomenon involved gene regulation reflecting predictive activating or repressing types of modification. However, further exploration reveals that transcription occurs against a backdrop of mixtures of complex modifications, which probably have several roles. Although such modifications were initially thought to be a simple code, a more likely model is of a sophisticated, nuanced chromatin 'language' in which different combinations of basic building blocks yield dynamic functional outcomes.
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                    Figure 1: Model for activation and repression.[image: ]


Figure 2: H3K4me-binding proteins.[image: ]


Figure 3: Model for positive and negative chromatin marks in ORFs.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Chromatin information content landscapes inform transcription factor and DNA interactions
                                        
                                    

                                    
                                        Article
                                         Open access
                                         26 February 2021
                                    

                                

                                Ricardo Dâ€™Oliveira Albanus, Yasuhiro Kyono, â€¦ Stephen C. J. Parker

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Generating specificity in genome regulation through transcription factor sensitivity to chromatin
                                        
                                    

                                    
                                        Article
                                        
                                         12 July 2022
                                    

                                

                                Luke Isbel, Ralph S. Grand & Dirk SchÃ¼beler

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Reevaluating the roles of histone-modifying enzymes and their associated chromatin modifications in transcriptional regulation
                                        
                                    

                                    
                                        Article
                                        
                                         30 November 2020
                                    

                                

                                Marc A. J. Morgan & Ali Shilatifard

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Bird, A. DNA methylation patterns and epigenetic memory. Genes Dev. 16, 6â€“21 (2002).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kouzarides, T. & Berger, S. L. in Epigenetics (Eds Allis, C. D., Jenuwein, T., Reinberg, D. & Caparros, M. L.) 191â€“209 (Cold Spring Harbor Press, New York, 2006).

                    Google ScholarÂ 
                

	Nelson, C. J., Santos-Rosa, H. & Kouzarides, T. Proline isomerization of histone H3 regulates lysine methylation and gene expression. Cell 126, 905â€“916 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Shi, Y. et al. Histone demethylation mediated by the nuclear amine oxidase homolog LSD1. Cell 119, 941â€“953 (2004).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lee, M. G., Wynder, C., Cooch, N. & Shiekhattar, R. An essential role for CoREST in nucleosomal histone 3 lysine 4 demethylation. Nature 437, 432â€“435 (2005).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Christensen, J. et al. RBP2 belongs to a family of demethylases, specific for tri- and dimethylated lysine 4 on histone 3. Cell 128, 1063â€“1076 (2007).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Cloos, P. A. et al. The putative oncogene GASC1 demethylates tri- and dimethylated lysine 9 on histone H3. Nature 442, 307â€“311 (2006).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Iwase, S. et al. The X-linked mental retardation gene SMCX/JARID1C defines a family of histone H3 lysine 4 demethylases. Cell 128, 1077â€“1088 (2007).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lee, M. G., Norman, J., Shilatifard, A. & Shiekhattar, R. Physical and functional association of a trimethyl H3K4 demethylase and Ring6a/MBLR, a Polycomb-like protein. Cell 128, 877â€“887 (2007).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Tsukada, Y. et al. Histone demethylation by a family of JmjC domain-containing proteins. Nature 439, 811â€“816 (2006).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Whetstine, J. R. et al. Reversal of histone lysine trimethylation by the JMJD2 family of histone demethylases. Cell 125, 467â€“481 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Yamane, K. et al. JHDM2A, a JmjC-containing H3K9 demethylase, facilitates transcription activation by androgen receptor. Cell 125, 483â€“495 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Shogren-Knaak, M. et al. Histone H4-K16 acetylation controls chromatin structure and protein interactions. Science 311, 844â€“847 (2006).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Dhalluin, C. et al. Structure and ligand of a histone acetyltransferase bromodomain. Nature 399, 491â€“496 (1999).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Bannister, A. J. et al. Selective recognition of methylated lysine 9 on histone H3 by the HP1 chromo domain. Nature 410, 120â€“124 (2001).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lachner, M., O'Carroll, D., Rea, S., Mechtler, K. & Jenuwein, T. Methylation of histone H3 lysine 9 creates a binding site for HP1 proteins. Nature 410, 116â€“120 (2001).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Pray-Grant, M. G., Daniel, J. A., Schieltz, D., Yates, J. R. & Grant, P. A. Chd1 chromodomain links histone H3 methylation with SAGA- and SLIK-dependent acetylation. Nature 433, 434â€“438 (2005).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sims, R. J. & Reinberg, D. Histone H3 Lys 4 methylation: caught in a bind? Genes Dev. 20, 2779â€“2786 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wysocka, J. et al. WDR5 associates with histone H3 methylated at K4 and is essential for H3 K4 methylation and vertebrate development. Cell 121, 859â€“872 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Couture, J. F., Collazo, E. & Trievel, R. C. Molecular recognition of histone H3 by the WD40 protein WDR5. Nature Struct. Mol. Biol. 13, 698â€“703 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Steward, M. M. et al. Molecular regulation of H3K4 trimethylation by ASH2L, a shared subunit of MLL complexes. Nature Struct. Mol. Biol. 13, 852â€“854 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wysocka, J. et al. A PHD finger of NURF couples histone H3 lysine 4 trimethylation with chromatin remodelling. Nature 442, 86â€“90 (2006).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Martin, D. G. et al. The Yng1p plant homeodomain finger is a methyl-histone binding module that recognizes lysine 4-methylated histone H3. Mol. Cell. Biol. 26, 7871â€“7879 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Howe, L. et al. Histone H3 specific acetyltransferases are essential for cell cycle progression. Genes Dev. 15, 3144â€“3154 (2001).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Shi, X. et al. ING2 PHD domain links histone H3 lysine 4 methylation to active gene repression. Nature 442, 96â€“99 (2006).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Huang, Y., Fang, J., Bedford, M. T., Zhang, Y. & Xu, R. M. Recognition of histone H3 lysine-4 methylation by the double tudor domain of JMJD2A. Science 312, 748â€“751 (2006).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Boeger, H., Griesenbeck, J., Strattan, J. S. & Kornberg, R. D. Nucleosomes unfold completely at a transcriptionally active promoter. Mol. Cell 11, 1587â€“1598 (2003).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Henikoff, S. & Ahmad, K. Assembly of variant histones into chromatin. Annu. Rev. Cell Dev. Biol. 21, 133â€“153 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lieb, J. D. & Clarke, N. D. Control of transcription through intragenic patterns of nucleosome composition. Cell 123, 1187â€“1190 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Reinke, H. & Horz, W. Histones are first hyperacetylated and then lose contact with the activated PHO5 promoter. Mol. Cell 11, 1599â€“1607 (2003).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Shilatifard, A. Chromatin modifications by methylation and ubiquitination: implications in the regulation of gene expression. Annu. Rev. Biochem. 75, 243â€“269 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kaplan, C. D., Laprade, L. & Winston, F. Transcription elongation factors repress transcription initiation from cryptic sites. Science 301, 1096â€“1099 (2003).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Belotserkovskaya, R. et al. FACT facilitates transcription-dependent nucleosome alteration. Science 301, 1090â€“1093 (2003).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Govind, C. K., Zhang, F., Qiu, H., Hofmeyer, K. & Hinnebusch, A. G. Gcn5 promotes acetylation, eviction, and methylation of nucleosomes in transcribed coding regions. Mol. Cell 25, 31â€“42 (2007).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Carrozza, M. J. et al. Histone H3 methylation by Set2 directs deacetylation of coding regions by Rpd3S to suppress spurious intragenic transcription. Cell 123, 581â€“592 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Joshi, A. A. & Struhl, K. Eaf3 chromodomain interaction with methylated H3-K36 links histone deacetylation to Pol II elongation. Mol. Cell 20, 971â€“978 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Keogh, M. C. et al. Cotranscriptional Set2 methylation of histone H3 lysine 36 recruits a repressive Rpd3 complex. Cell 123, 593â€“605 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Brinkman, A.B. et al. Histone modification patterns associated with the human X chromosome. EMBO Rep. 7, 628â€“634 (2006).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Vakoc, C. R., Mandat, S. A., Olenchock, B. A. & Blobel, G. A. Histone H3 lysine 9 methylation and HP1Î³ are associated with transcription elongation through mammalian chromatin. Mol. Cell 19, 381â€“391 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Zhang, X. et al. Genome-wide high-resolution mapping and functional analysis of DNA methylation in Arabidopsis. Cell 126, 1189â€“1201 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Zilberman, D., Gehring, M., Tran, R. K., Ballinger, T. & Henikoff, S. Genome-wide analysis of Arabidopsis thaliana DNA methylation uncovers an interdependence between methylation and transcription. Nature Genet. 39, 61â€“69 (2007).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Morillon, A., Karabetsou, N., Nair, A. & Mellor, J. Dynamic lysine methylation on histone H3 defines the regulatory phase of gene transcription. Mol. Cell 18, 723â€“734 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wang, A., Kurdistani, S. K. & Grunstein, M. Requirement of Hos2 histone deacetylase for gene activity in yeast. Science 298, 1412â€“1414 (2002).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Henry, K. W. et al. Transcriptional activation via sequential histone H2B ubiquitylation and deubiquitylation, mediated by SAGA-associated Ubp8. Genes Dev. 17, 2648â€“2663 (2003).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Schotta, G. et al. A silencing pathway to induce H3-K9 and H4-K20 trimethylation at constitutive heterochromatin. Genes Dev. 18, 1251â€“1262 (2004).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Bernstein, B. E. et al. A bivalent chromatin structure marks key developmental genes in embryonic stem cells. Cell 125, 315â€“326 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wood, A. et al. Ctk complex-mediated regulation of histone methylation by COMPASS. Mol. Cell. Biol. 27, 709â€“720 (2007).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Xiao, T. et al. The RNA polymerase II kinase Ctk1 regulates positioning of a 5' histone methylation boundary along genes. Mol. Cell. Biol. 27, 721â€“731 (2007).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Pavri, R. et al. Histone H2B monoubiquitination functions cooperatively with FACT to regulate elongation by RNA polymerase II. Cell 125, 703â€“717 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Dou, Y. et al. Physical association and coordinate function of the H3 K4 methyltransferase MLL1 and the H4 K16 acetyltransferase MOF. Cell 121, 873â€“885 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
The author thanks G. P. Moore for critical reading and valuable suggestions. Research in the author's laboratory is supported by grants from the NIH.


Author information
Authors and Affiliations
	The Wistar Institute, 3601 Spruce Street, Room 201, Philadelphia, Pennsylvania 19104, USA., 
Shelley L. Berger


Authors	Shelley L. BergerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar







Ethics declarations

              
                Competing interests

                The author declares no competing financial interests.

              
            

Additional information
Reprints and permissions information is available at http://npg.nature.com/reprintsandpermissions.
Correspondence should be addressed to the author (berger@wistar.org).


Rights and permissions
Reprints and permissions


About this article
Cite this article
Berger, S. The complex language of chromatin regulation during transcription.
                    Nature 447, 407â€“412 (2007). https://doi.org/10.1038/nature05915
Download citation
	Published: 23 May 2007

	Issue Date: 24 May 2007

	DOI: https://doi.org/10.1038/nature05915


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

                
                    	
                            
                                
                                    
                                        Root morphology and transcriptomic analyses of the response to heat stress in Paspalum wettsteinii hack
                                    
                                

                            
                                
                                    	Jieyi Zhou
	Lijuan Huang
	Lili Zhao


                                
                                Genetic Resources and Crop Evolution (2024)

                            
	
                            
                                
                                    
                                        Histone 3 Trimethylation Patterns are Associated with Resilience or Stress Susceptibility in a Rat Model of Major Depression Disorder
                                    
                                

                            
                                
                                    	Lucas Santos
	Luiza Behrens
	JosÃ© ClÃ¡udio Fonseca Moreira


                                
                                Molecular Neurobiology (2024)

                            
	
                            
                                
                                    
                                        Rice responds to Spodoptera frugiperda infestation via epigenetic regulation of H3K9ac in the jasmonic acid signaling and phenylpropanoid biosynthesis pathways
                                    
                                

                            
                                
                                    	Rongrong Xue
	Ruiqing Guo
	Jie Wang


                                
                                Plant Cell Reports (2024)

                            
	
                            
                                
                                    
                                        Genome-wide identification and expression analysis of the JMJ-C gene family in melon (Cucumis melo L.) reveals their potential role in fruit development
                                    
                                

                            
                                
                                    	Wuyun Jin
	Wei Yan
	Gen Che


                                
                                BMC Genomics (2023)

                            
	
                            
                                
                                    
                                        Epigenetics as a versatile regulator of fibrosis
                                    
                                

                            
                                
                                    	Yangdan Liu
	Dongsheng Wen
	Yifan Zhang


                                
                                Journal of Translational Medicine (2023)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            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
	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: ]
