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            Abstract
Identification of the mRNA start site is essential in establishing the full-length cDNA sequence of a gene and analyzing its promoter region, which regulates gene expression. Here we describe the development of a 5′-end serial analysis of gene expression (5′ SAGE) that can be used to globally identify transcriptional start sites and the frequency of individual mRNAs. Of the 25,684 5′ SAGE tags in the HEK293 human cell library, 19,893 matched to the human genome. Among 15,448 tags in one locus of the genome, 85.8%–96.1% of the 5′ SAGE tags were assigned within −500 to +200 nt of mRNA start sites using the RefSeq, UniGene and DBTSS databases. This technique should facilitate 5′-end transcriptome analysis in a variety of cells and tissues.
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Figure 2: 5′ SAGE tags hit around the defined transcription start sites.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        TRS: a method for determining transcript termini from RNAtag-seq sequencing data
                                        
                                    

                                    
                                        Article
                                         Open access
                                         29 November 2023
                                    

                                

                                Amir Bar, Liron Argaman, … Hanah Margalit

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        grandR: a comprehensive package for nucleotide conversion RNA-seq data analysis
                                        
                                    

                                    
                                        Article
                                         Open access
                                         15 June 2023
                                    

                                

                                Teresa Rummel, Lygeri Sakellaridi & Florian Erhard

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Screening thousands of transcribed coding and non-coding regions reveals sequence determinants of RNA polymerase II elongation potential
                                        
                                    

                                    
                                        Article
                                        
                                         09 June 2022
                                    

                                

                                Hanneke Vlaming, Claudia A. Mimoso, … Karen Adelman

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Duggan, D.J., Bittner, M., Chen, Y., Meltzer, P. & Trent, J.M. Expression profiling using cDNA microarrays. Nat. Genet. 21, 10–14 (1999).
Article 
    CAS 
    
                    Google Scholar 
                

	Saha, S. et al. Using the transcriptome to annotate the genome. Nat. Biotechnol. 20, 508–512 (2002).
Article 
    CAS 
    
                    Google Scholar 
                

	Madden, S.L., Galella, E.A., Zhu, J., Bertelsen, A.H. & Beaudry, G.A. SAGE transcript profiles for p53-dependent growth regulation. Oncogene 15, 1079–1085 (1997).
Article 
    CAS 
    
                    Google Scholar 
                

	Velculescu, V.E. et al. Analysis of human transcriptomes. Nat. Genet. 23, 387–388 (1999).
Article 
    CAS 
    
                    Google Scholar 
                

	Hashimoto, S. et al. Gene expression profile in human leukocytes. Blood 101, 3509–3513 (2003).
Article 
    CAS 
    
                    Google Scholar 
                

	Lander, E.S. et al. Initial sequencing and analysis of the human genome. Nature 409, 860–921 (2001).
Article 
    CAS 
    
                    Google Scholar 
                

	Maruyama, K. & Sugano, S. Oligo-capping: a simple method to replace the cap structure of eukaryotic mRNAs with oligoribonucleotides. Gene 138, 171–174 (1994).
Article 
    CAS 
    
                    Google Scholar 
                

	Suzuki, Y. et al. DBTSS: DataBase of human Transcriptional Start Sites and full-length cDNAs. Nucleic Acids Res. 30, 328–331 (2002).
Article 
    CAS 
    
                    Google Scholar 
                

	Suzuki, Y. et al. Diverse transcriptional initiation revealed by fine, large-scale mapping of mRNA start sites. EMBO Rep. 2, 388–393 (2001).
Article 
    CAS 
    
                    Google Scholar 
                

	Pauws, E., van Kampen, A.H., van de Graaf, S.A., de Vijlder, J.J. & Ris-Stalpers, C. Heterogeneity in polyadenylation cleavage sites in mammalian mRNA sequences: implications for SAGE analysis. Nucleic Acids Res. 29, 1690–1694 (2001).
Article 
    CAS 
    
                    Google Scholar 
                

	Shiraki, T. et al. Cap analysis gene expression for high-throughput analysis of transcriptional starting point and identification of promoter usage. Proc. Natl. Acad. Sci. USA 100, 15776–15781 (2003).
Article 
    CAS 
    
                    Google Scholar 
                

	Modrek, B. & Lee, C. A genomic view of alternative splicing. Nat. Genet. 30, 13–19 (2002).
Article 
    CAS 
    
                    Google Scholar 
                

	Krawczak, M., Reiss, J. & Cooper, D.N. The mutational spectrum of single base-pair substitutions in mRNA splice junctions of human genes: causes and consequences. Hum. Genet. 90, 41–54 (1992).
Article 
    CAS 
    
                    Google Scholar 
                

	Zavolan, M. et al. Impact of alternative initiation, splicing, and termination on the diversity of the mRNA transcripts encoded by the mouse transcriptome. Genome Res. 13, 1290–1300 (2003).
Article 
    CAS 
    
                    Google Scholar 
                

	Hashimoto, S.-I., Suzuki, T., Dong, H.-Y., Yamazaki, N. & Matsushima, K. Serial analysis of gene expression in human monocytes and macrophages. Blood 94, 837–844 (1999).
Article 
    CAS 
    
                    Google Scholar 
                

	Suzuki, Y., Yoshitomo-Nakagawa, K., Maruyama, K., Suyama, A. & Sugano, S. Construction and characterization of a full length-enriched and a 5′-end-enriched cDNA library. Gene 200, 149–156 (1997).
Article 
    CAS 
    
                    Google Scholar 
                

	Honkura, T., Ogasawara, J., Yamada, T. & Morishita, S. The Gene Resource Locator: gene locus maps for transcriptome analysis. Nucleic Acids Res. 30, 221–225 (2002).
Article 
    CAS 
    
                    Google Scholar 
                

	Wheeler, D.L. Database Resources of the National Center for Biotechnology. Nucleic Acids Res. 31, 28–33 (2003).
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
This work was supported by Grant-in-Aid for Scientific Research on Priority Areas (C) “Medical Genome Science” from the Ministry of Education, Culture, Sports, Science and Technology of Japan.


Author information
Author notes	Yutaka Suzuki and Yasuhiro Kasai: These authors contributed equally to this work.


Authors and Affiliations
	Department of Molecular Preventive Medicine, School of Medicine, The University of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo, 113-0033, Japan
Shin-ichi Hashimoto, Kei Morohoshi & Kouji Matsushima

	Department of Virology, Institute of Medical Science, The University of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo, 113-0033, Japan
Yutaka Suzuki & Sumio Sugano

	Department of Computational Biology, Graduate School of Frontier Science, The University of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo, 113-0033, Japan
Yasuhiro Kasai, Tomoyuki Yamada, Jun Sese & Shinichi Morishita


Authors	Shin-ichi HashimotoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yutaka SuzukiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yasuhiro KasaiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kei MorohoshiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Tomoyuki YamadaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jun SeseView author publications
You can also search for this author in
                        PubMed Google Scholar



	Shinichi MorishitaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sumio SuganoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kouji MatsushimaView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Kouji Matsushima.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Supplementary information

Supplementary Fig. 1
Comparison of the novel 5′ ends of representative known genes between 5′SAGE and the directly sequenced data of the 5′ end of captured full length cDNAs in HEK293. (PDF 12 kb)


Supplementary Fig. 2
Scatter plot of the frequency of 5′SAGE and 3′SAGE tags. (PDF 115 kb)


Supplementary Table 1
Identification of uncharacterized candidate genes and exons. (PDF 6 kb)


Supplementary Table 2
Profile of the 5′-end transcripts in HEK293 cells. (PDF 10 kb)


Supplementary Note, part 1 (XLS 2543 kb)

Supplementary Note, part 2 (XLS 2240 kb)




Rights and permissions
Reprints and permissions


About this article
Cite this article
Hashimoto, Si., Suzuki, Y., Kasai, Y. et al. 5′-end SAGE for the analysis of transcriptional start sites.
                    Nat Biotechnol 22, 1146–1149 (2004). https://doi.org/10.1038/nbt998
Download citation
	Received: 20 January 2004

	Accepted: 07 June 2004

	Published: 08 August 2004

	Issue Date: 01 September 2004

	DOI: https://doi.org/10.1038/nbt998


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

                
                    	
                            
                                
                                    
                                        Quantitative analysis of transcription start site selection reveals control by DNA sequence, RNA polymerase II activity and NTP levels
                                    
                                

                            
                                
                                    	Yunye Zhu
	Irina O. Vvedenskaya
	Craig D. Kaplan


                                
                                Nature Structural & Molecular Biology (2024)

                            
	
                            
                                
                                    
                                        Alternative transcription start sites of the enolase-encoding gene enoA are stringently used in glycolytic/gluconeogenic conditions in Aspergillus oryzae
                                    
                                

                            
                                
                                    	Taishi Inoue
	Hiroki Toji
	Katsuya Gomi


                                
                                Current Genetics (2020)

                            
	
                            
                                
                                    
                                        EXPRSS: an Illumina based high-throughput expression-profiling method to reveal transcriptional dynamics
                                    
                                

                            
                                
                                    	Ghanasyam Rallapalli
	Eric M Kemen
	Jonathan D G Jones


                                
                                BMC Genomics (2014)

                            
	
                            
                                
                                    
                                        5'-Serial Analysis of Gene Expression studies reveal a transcriptomic switch during fruiting body development in Coprinopsis cinerea
                                    
                                

                            
                                
                                    	Chi Keung Cheng
	Chun Hang Au
	Hoi Shan Kwan


                                
                                BMC Genomics (2013)

                            
	
                            
                                
                                    
                                        Transcriptome analysis of the filamentous fungus Aspergillus nidulans directed to the global identification of promoters
                                    
                                

                            
                                
                                    	Christopher Sibthorp
	Huihai Wu
	Mark X Caddick


                                
                                BMC Genomics (2013)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                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
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    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
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    Submission Guidelines
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    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 Biotechnology (Nat Biotechnol)
                
                
    
    
        ISSN 1546-1696 (online)
    
    


                
    
    
        ISSN 1087-0156 (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: ]
