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            Abstract
MicroRNAs are small noncoding RNAs that recognize and bind to partially complementary sites in the 3′ untranslated regions of target genes in animals and, by unknown mechanisms, regulate protein production of the target transcript1,2,3. Different combinations of microRNAs are expressed in different cell types and may coordinately regulate cell-specific target genes. Here, we present PicTar, a computational method for identifying common targets of microRNAs. Statistical tests using genome-wide alignments of eight vertebrate genomes, PicTar's ability to specifically recover published microRNA targets, and experimental validation of seven predicted targets suggest that PicTar has an excellent success rate in predicting targets for single microRNAs and for combinations of microRNAs. We find that vertebrate microRNAs target, on average, roughly 200 transcripts each. Furthermore, our results suggest widespread coordinate control executed by microRNAs. In particular, we experimentally validate common regulation of Mtpn by miR-375, miR-124 and let-7b and thus provide evidence for coordinate microRNA control in mammals.
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                    Figure 1: The PicTar algorithm.[image: ]


Figure 2: Signal-to-noise ratio for vertebrate microRNA target site predictions.[image: ]


Figure 3: Estimate of the number of coordinately regulated targets for sets of three microRNAs.[image: ]


Figure 4: Regulation of Mtpn by miR-375, miR-124 and let-7b.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The RNA Atlas expands the catalog of human non-coding RNAs
                                        
                                    

                                    
                                        Article
                                        
                                         17 June 2021
                                    

                                

                                Lucia Lorenzi, Hua-Sheng Chiu, … Pieter Mestdagh

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Detection of transcriptome-wide microRNA–target interactions in single cells with agoTRIBE
                                        
                                    

                                    
                                        Article
                                         Open access
                                         21 September 2023
                                    

                                

                                Vaishnovi Sekar, Emilio Mármol-Sánchez, … Marc R. Friedländer

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        RPmirDIP: Reciprocal Perspective improves miRNA targeting prediction
                                        
                                    

                                    
                                        Article
                                         Open access
                                         16 July 2020
                                    

                                

                                Daniel G. Kyrollos, Bradley Reid, … James R. Green

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Bartel, D.P. MicroRNAs: genomics, biogenesis, mechanism, and function. Cell 116, 281–297 (2004).
Article 
    CAS 
    
                    Google Scholar 
                

	Cullen, B.R. Transcription and processing of human microRNA precursors. Mol. Cell 16, 861–865 (2004).
Article 
    CAS 
    
                    Google Scholar 
                

	Ambros, V. The functions of animal microRNAs. Nature 431, 350–355 (2004).
Article 
    CAS 
    
                    Google Scholar 
                

	Barad, O. et al. MicroRNA expression detected by oligonucleotide microarrays: system establishment and expression profiling in human tissues. Genome Res. 14, 2486–2494 (2004).
Article 
    CAS 
    
                    Google Scholar 
                

	Doench, J.G. & Sharp, P.A. SiRNAs can function as miRNAs. Genes Dev. 17, 438–442 (2003).
Article 
    CAS 
    
                    Google Scholar 
                

	Hobert, O. Common logic of transcription factor and microRNA action. Trends Biochem. Sci. 29, 426–428 (2004).
Article 
    
                    Google Scholar 
                

	Brennecke, J., Hipfner, D.R., Stark, A., Russell, R.B. & Cohen, S.M. Bantam encodes a developmentally regulated microRNA that controls cell proliferation and regulates the proapoptotic gene hid in Drosophila. Cell 113, 25–36 (2003).
Article 
    CAS 
    
                    Google Scholar 
                

	Stark, A., Brennecke, J., Russell, R.B. & Cohen, S.M. Identification of Drosophila microRNA targets. PLoS Biol. 1, E60 (2003).
Article 
    
                    Google Scholar 
                

	Rajewsky, N. & Socci, N.D. Computational identification of microRNA targets. Dev. Biol. 267, 529–535 (2004).
Article 
    CAS 
    
                    Google Scholar 
                

	Enright, A.J. et al. MicroRNA targets in Drosophila. Genome Biol. 5, R1 (2003).
Article 
    
                    Google Scholar 
                

	Lewis, B.P., Shih, I.H., Jones-Rhoades, M.W., Bartel, D.P. & Burge, C.B. Prediction of mammalian microRNA targets. Cell 26, 787–798 (2003).
Article 
    
                    Google Scholar 
                

	Kiriakidou, M. et al. A combined computational-experimental approach predicts human microRNA targets. Genes Dev. 18, 1165–1178 (2004).
Article 
    CAS 
    
                    Google Scholar 
                

	John, B. et al. Human MicroRNA targets. PLoS Biol. 2, e363 (2004).
Article 
    
                    Google Scholar 
                

	Rehmsmeier, M., Steffen, P., Hochsmann, M. & Giegerich, R. Fast and effective prediction of microRNA/target duplexes. RNA 10, 1507–1517 (2004).
Article 
    CAS 
    
                    Google Scholar 
                

	Rajewsky, N., Vergassola, M., Gaul, U. & Siggia, E.D. Computational detection of genomic cis-regulatory modules applied to body patterning in the early Drosophila embryo. BMC Bioinformatics 3, 30 (2002).
Article 
    
                    Google Scholar 
                

	Schroeder, M.D. et al. Transcriptional control in the segmentation gene network of Drosophila. PloS Biol. 2, E271 (2004).
Article 
    
                    Google Scholar 
                

	Doench, J.G. & Sharp, P.A. Specificity of microRNA target selection in translational repression. Genes Dev. 18, 504–511 (2004).
Article 
    CAS 
    
                    Google Scholar 
                

	Banerjee, D. & Slack, F. Control of developmental timing by small temporal RNAs: a paradigm for RNA-mediated regulation of gene expression. Bioessays 24, 119–129 (2002).
Article 
    CAS 
    
                    Google Scholar 
                

	Reinhart, B.J. et al. The 21-nucleotide let-7 RNA regulates developmental timing in Caenorhabditis elegans. Nature 24, 901–906 (2000).
Article 
    
                    Google Scholar 
                

	Karolchik, D. et al. The UCSC Genome Browser Database. Nucleic Acids Res. 31, 51–54 (2003).
Article 
    CAS 
    
                    Google Scholar 
                

	Lewis, B.J., Burge, C.B. & Bartel, D.P. Conserved seed pairing, often flanked by adenosines, indicates that thousands of human genes are microRNA targets. Cell 120, 15–20 (2005).
Article 
    CAS 
    
                    Google Scholar 
                

	Poy, M.N. et al. A pancreatic islet-specific microRNA regulates insulin secretion. Nature 432, 226–230 (2004).
Article 
    CAS 
    
                    Google Scholar 
                

	Pruitt, K.D., Tatusova, T. & Maglott, D. NCBI Reference Sequence (RefSeq): a curated non-redundant sequence database of genomes, transcripts, and proteins. Nucleic Acids Res. 33, D501–D504 (2005).
Article 
    CAS 
    
                    Google Scholar 
                

	International Chicken Genome Sequencing Consortium. Sequence and comparative analysis of the chicken genome provide unique perspectives on vertebrate evolution. Nature 432, 695–716 (2004).

	Sinha, S., van Nimwegen, E. & Siggia, E.D. A probabilistic method to detect regulatory modules. Bioinformatics 19, i292–i301 (2003).
Article 
    
                    Google Scholar 
                

	Griffiths-Jones, S. The microRNA Registry. Nucleic Acids Res. 32, D109–D111 (2004).
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
We thank V. Miljkovic and S. Pueblas for preparing figures for the manuscript. N. Rajewsky thanks T. Tuschl, P. Macino and F. Piano for discussions. This project was funded in part by a grant from the US National Institutes of Health (to M.S.). D.G. acknowledges a scholarship by the German Academic Exchange Service. K.C.G. and P.M. were supported by grants from the US National Institutes of Health (to F. Píaro) and the US National Science Foundation (to K.C.G.). This research was supported in part by the Howard Hughes Medical Institute grant through the Undergraduate Biological Sciences Education Program to New York University.


Author information
Author notes	Azra Krek, Dominic Grün and Matthew N Poy: These authors contributed equally to this work.


Authors and Affiliations
	Department of Biology, Center for Comparative Functional Genomics, New York University, 100 Washington Square East, New York, 10003, New York, USA
Azra Krek, Dominic Grün, Rachel Wolf, Lauren Rosenberg, Philip MacMenamin, Isabelle da Piedade, Kristin C Gunsalus & Nikolaus Rajewsky

	Department of Physics, New York University, New York, 10003, New York, USA
Azra Krek

	Laboratory of Metabolic Diseases, The Rockefeller University, New York, 10021, New York, USA
Matthew N Poy, Eric J Epstein & Markus Stoffel


Authors	Azra KrekView author publications
You can also search for this author in
                        PubMed Google Scholar



	Dominic GrünView author publications
You can also search for this author in
                        PubMed Google Scholar



	Matthew N PoyView author publications
You can also search for this author in
                        PubMed Google Scholar



	Rachel WolfView author publications
You can also search for this author in
                        PubMed Google Scholar



	Lauren RosenbergView author publications
You can also search for this author in
                        PubMed Google Scholar



	Eric J EpsteinView author publications
You can also search for this author in
                        PubMed Google Scholar



	Philip MacMenaminView author publications
You can also search for this author in
                        PubMed Google Scholar



	Isabelle da PiedadeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kristin C GunsalusView author publications
You can also search for this author in
                        PubMed Google Scholar



	Markus StoffelView author publications
You can also search for this author in
                        PubMed Google Scholar



	Nikolaus RajewskyView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Nikolaus Rajewsky.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Supplementary information

Supplementary Table 1
Set of 58 unique microRNAs conserved in human/chimp/mouse/rat/dog/chicken. (XLS 12 kb)


Supplementary Table 2
Predictions for single microRNA targets based on conservation in human/chimp/mouse/rat/dog/chicken. (XLS 2795 kb)


Supplementary Table 3
Predictions for single microRNA targets based on conservation in human/chimp/mouse/rat/dog. (XLS 8613 kb)


Supplementary Table 4
Predictions for combinatorially targeted transcripts in four different tissues for sets of co-expressed microRNAs. (XLS 393 kb)


Supplementary Note
Detailed description of the PicTar probabilistic scoring method. (PDF 69 kb)


Supplementary Methods
The nematode sequence datasets, evolutionary conservation check and testing the quality of vertebrate alignments. (PDF 19 kb)





Rights and permissions
Reprints and permissions


About this article
Cite this article
Krek, A., Grün, D., Poy, M. et al. Combinatorial microRNA target predictions.
                    Nat Genet 37, 495–500 (2005). https://doi.org/10.1038/ng1536
Download citation
	Received: 04 January 2005

	Accepted: 23 February 2005

	Published: 03 April 2005

	Issue Date: 01 May 2005

	DOI: https://doi.org/10.1038/ng1536


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

                
                    	
                            
                                
                                    
                                        miR-132-3p and KLF7 as novel regulators of aortic stiffening-associated EndMT in type 2 diabetes mellitus
                                    
                                

                            
                                
                                    	Melanie S. Hulshoff
	Isabel N. Schellinger
	Elisabeth M. Zeisberg


                                
                                Diabetology & Metabolic Syndrome (2023)

                            
	
                            
                                
                                    
                                        Extracellular vesicle–encapsulated miR-10a-5p derived from MDSCs restrains germinal center B cells in experimental Sjögren’s syndrome
                                    
                                

                            
                                
                                    	Huimin Zhou
	Qiugang Zhu
	Shengjun Wang


                                
                                Immunologic Research (2023)

                            
	
                            
                                
                                    
                                        Potential role of microRNAs in pancreatic cancer manifestation: a review
                                    
                                

                            
                                
                                    	Lisa Kabiraj
	Atreyee Kundu


                                
                                Journal of the Egyptian National Cancer Institute (2022)

                            
	
                            
                                
                                    
                                        Systematic characterization of seed overlap microRNA cotargeting associated with lupus pathogenesis
                                    
                                

                            
                                
                                    	Hiroki Kitai
	Noritoshi Kato
	Hiroshi I. Suzuki


                                
                                BMC Biology (2022)

                            
	
                            
                                
                                    
                                        Identification of serum MiRNAs as candidate biomarkers for non-small cell lung cancer diagnosis
                                    
                                

                            
                                
                                    	Xintong Zhang
	Jinjing Tan
	Guangli Shi


                                
                                BMC Pulmonary Medicine (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
                                
                            
	
                                
                                    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
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    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 Genetics (Nat Genet)
                
                
    
    
        ISSN 1546-1718 (online)
    
    


                
    
    
        ISSN 1061-4036 (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 — 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: ]
