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            Abstract
The suprachiasmatic nucleus (SCN) of the hypothalamus is remarkable. Despite numbering only about 10,000 neurons on each side of the third ventricle, the SCN is our principal circadian clock, directing the daily cycles of behaviour and physiology that set the tempo of our lives. When this nucleus is isolated in organotypic culture, its autonomous timing mechanism can persist indefinitely, with precision and robustness. The discovery of the cell-autonomous transcriptional and post-translational feedback loops that drive circadian activity in the SCN provided a powerful exemplar of the genetic specification of complex mammalian behaviours. However, the analysis of circadian time-keeping is moving beyond single cells. Technical and conceptual advances, including intersectional genetics, multidimensional imaging and network theory, are beginning to uncover the circuit-level mechanisms and emergent properties that make the SCN a uniquely precise and robust clock. However, much remains unknown about the SCN, not least the intrinsic properties of SCN neurons, its circuit topology and the neuronal computations that these circuits support. Moreover, the convention that the SCN is a neuronal clock has been overturned by the discovery that astrocytes are an integral part of the timepiece. As a test bed for examining the relationships between genes, cells and circuits in sculpting complex behaviours, the SCN continues to offer powerful lessons and opportunities for contemporary neuroscience.
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                    Fig. 1: Circadian organization in mammals.[image: ]


Fig. 2: Circadian coupling between molecular feedback loops and neural signalling.[image: ]


Fig. 3: Circuit-level time-keeping in the SCN: spatiotemporal heterogeneity, cell clusters and seasonal coding.[image: ]


Fig. 4: Probing for pacemakers: how altering cell-autonomous clocks can affect behavioural and circuit-level SCN rhythms.[image: ]


Fig. 5: A model of circadian astrocyteâ€“neuronal interactions in the SCN.[image: ]
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Glossary
	Emergent properties
	
                  Properties expressed at a circuit level that do not occur in isolated cells (for example, synchrony of cellular circadian gene expression, ensemble period and phase divergence).

                
	Amplitude
	
                  The range from peak level to trough level of a circadian rhythm (for example, the range for gene expression or intensity of behavioural activity).

                
	Ensemble period
	
                  The circadian period of oscillation shared by all SCN cells in the intact, synchronized circuit.

                
	Synchrony
	
                  The temporal order of individual oscillators expressing a common period and stable phase relationships.

                
	Phase dispersion
	
                  The range of phases present in a population of oscillators (for example, between rhythmic cells in an intact SCN circuit).

                
	Circadian time
	
                  (CT). Internal temporal scale of a tissue or an individual expressing a free-running circadian cycle, with predicted dawn denoted as CT0 and the period of the entire cycle divided into 24 circadian hours.

                
	Entrainment
	
                  A process whereby a rhythmic physical or biological cue sets the period and the phase of a circadian oscillation.

                
	Small-world network
	
                  A naturally occurring network topology in which most nodes are directly connected to only a few neighbours (which facilitates local information processing as modules) with a few richly connected nodes (hubs) that facilitate integration between nodes and modules.

                
	Hubs
	
                  Nodes in a network with higher-than-average connections.

                
	Nodes
	
                  Individual elements in a network.

                
	Cell-autonomous clock
	
                  The mechanism within most mammalian cells that enables them to express, independent of external cues, circadian cycles of gene expression and cellular metabolism.

                
	Cre
	
                  Cre-recombinase enzyme that catalyses the site-specific recombination of DNA between loxP sites in a target gene.

                
	Rich club
	
                  A restricted group of interconnected hubs in a network.

                



Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Hastings, M.H., Maywood, E.S. & Brancaccio, M. Generation of circadian rhythms in the suprachiasmatic nucleus.
                    Nat Rev Neurosci 19, 453â€“469 (2018). https://doi.org/10.1038/s41583-018-0026-z
Download citation
	Published: 22 June 2018

	Issue Date: August 2018

	DOI: https://doi.org/10.1038/s41583-018-0026-z


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

                
                    	
                            
                                
                                    
                                        Single-cell transcriptomics reveals that glial cells integrate homeostatic and circadian processes to drive sleepâ€“wake cycles
                                    
                                

                            
                                
                                    	Joana Dopp
	Antonio Ortega
	Sha Liu


                                
                                Nature Neuroscience (2024)

                            
	
                            
                                
                                    
                                        Sleep and circadian rhythmicity as entangled processes serving homeostasis
                                    
                                

                            
                                
                                    	Paul Franken
	Derk-Jan Dijk


                                
                                Nature Reviews Neuroscience (2024)

                            
	
                            
                                
                                    
                                        Chronic phase advances reduces recognition memory and increases vascular cognitive dementia-like impairments in aged mice
                                    
                                

                            
                                
                                    	Jennifer A. Liu
	Jacob R. Bumgarner
	Randy J. Nelson


                                
                                Scientific Reports (2024)

                            
	
                            
                                
                                    
                                        Sleep Deficiency and Pain in Persons With Substance Use Disorders
                                    
                                

                            
                                
                                    	Michele J. Buonora
	Mehak Sharma
	Stephen R. Baldassarri


                                
                                Current Addiction Reports (2024)

                            
	
                            
                                
                                    
                                        Circadian Clock Gene bmal1 Acts as a Tumor Suppressor Gene in a Mice Model of Human Glioblastoma
                                    
                                

                            
                                
                                    	Laura L. Trebucq
	Nicolas Salvatore
	Juan J. Chiesa


                                
                                Molecular Neurobiology (2024)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                        
                            
                                Series

                                
                                    Circadian rhythms in endocrinology and metabolism
                                

                            
                        

                    
                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            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
                                
                            
	
                                
                                    Editorial input and checks
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Publishing model
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    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 Neuroscience (Nat. Rev. Neurosci.)
                
                
    
    
        ISSN 1471-0048 (online)
    
    


                
    
    
        ISSN 1471-003X (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: ]
