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            Abstract
There is growing recognition that mammalian cells produce many thousands of large intergenic transcripts1,2,3,4. However, the functional significance of these transcripts has been particularly controversial. Although there are some well-characterized examples, most (>95%) show little evidence of evolutionary conservation and have been suggested to represent transcriptional noise5,6. Here we report a new approach to identifying large non-coding RNAs using chromatin-state maps to discover discrete transcriptional units intervening known protein-coding loci. Our approach identified âˆ¼1,600 large multi-exonic RNAs across four mouse cell types. In sharp contrast to previous collections, these large intervening non-coding RNAs (lincRNAs) show strong purifying selection in their genomic loci, exonic sequences and promoter regions, with greater than 95% showing clear evolutionary conservation. We also developed a functional genomics approach that assigns putative functions to each lincRNA, demonstrating a diverse range of roles for lincRNAs in processes from embryonic stem cell pluripotency to cell proliferation. We obtained independent functional validation for the predictions for over 100 lincRNAs, using cell-based assays. In particular, we demonstrate that specific lincRNAs are transcriptionally regulated by key transcription factors in these processes such as p53, NFÎºB, Sox2, Oct4 (also known as Pou5f1) and Nanog. Together, these results define a unique collection of functional lincRNAs that are highly conserved and implicated in diverse biological processes.
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                    Figure 1: 
                        Intergenic K4â€“K36 domains produce multi-exonic RNAs.
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Figure 2: 
                        lincRNA K4â€“K36 domains do not encode proteins and are conserved in their exons and promoters.
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Figure 3: 
                        lincRNAs show strong associations with other lincRNAs and with several biological processes.
                      [image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        RADICL-seq identifies general and cell typeâ€“specific principles of genome-wide RNA-chromatin interactions
                                        
                                    

                                    
                                        Article
                                         Open access
                                         24 February 2020
                                    

                                

                                Alessandro Bonetti, Federico Agostini, â€¦ Piero Carninci

                            
                        

                    
                        
                            
                                
                                    [image: ]

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

                                    
                                        Article
                                        
                                         17 June 2021
                                    

                                

                                Lucia Lorenzi, Hua-Sheng Chiu, â€¦ Pieter Mestdagh

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Global mapping of RNA-chromatin contacts reveals a proximity-dominated connectivity model for ncRNA-gene interactions
                                        
                                    

                                    
                                        Article
                                         Open access
                                         28 September 2023
                                    

                                

                                Charles Limouse, Owen K. Smith, â€¦ Aaron F. Straight

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                Accession codes

              
              
                Primary accessions

                
                  Gene Expression Omnibus
	
                      
                        GSE13765
                      

                    


                
              
              
                Data deposits

                Microarray data have been deposited in the Gene Expression Omnibus (GEO) under accession number GSE13765.

              
            

References
	Bertone, P. et al. Global identification of human transcribed sequences with genome tiling arrays. Science 306, 2242â€“2246 (2004)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Carninci, P. et al. The transcriptional landscape of the mammalian genome. Science 309, 1559â€“1563 (2005)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kapranov, P. et al. Large-scale transcriptional activity in chromosomes 21 and 22. Science 296, 916â€“919 (2002)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Rinn, J. L. et al. The transcriptional activity of human chromosome 22. Genes Dev. 17, 529â€“540 (2003)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ponjavic, J., Ponting, C. P. & Lunter, G. Functionality or transcriptional noise? Evidence for selection within long noncoding RNAs. Genome Res. 17, 556â€“565 (2007)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Struhl, K. Transcriptional noise and the fidelity of initiation by RNA polymerase II. Nature Struct. Mol. Biol. 14, 103â€“105 (2007)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Brannan, C. I., Dees, E. C., Ingram, R. S. & Tilghman, S. M. The product of the H19 gene may function as an RNA. Mol. Cell. Biol. 10, 28â€“36 (1990)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Brown, C. J. et al. A gene from the region of the human X inactivation centre is expressed exclusively from the inactive X chromosome. Nature 349, 38â€“44 (1991)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lee, J. T., Davidow, L. S. & Warshawsky, D. Tsix, a gene antisense to Xist at the X-inactivation centre. Nature Genet. 21, 400â€“404 (1999)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sotomaru, Y. et al. Unregulated expression of the imprinted genes H19 and Igf2r in mouse uniparental fetuses. J. Biol. Chem. 277, 12474â€“12478 (2002)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Rinn, J. L. et al. Functional demarcation of active and silent chromatin domains in human HOX loci by noncoding RNAs. Cell 129, 1311â€“1323 (2007)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Willingham, A. T. et al. A strategy for probing the function of noncoding RNAs finds a repressor of NFAT. Science 309, 1570â€“1573 (2005)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wang, J. et al. Mouse transcriptome: neutral evolution of â€˜non-codingâ€™ complementary DNAs. Nature 431 1â€“2 10.1038/nature03016 (2004)
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Mikkelsen, T. S. et al. Genome-wide maps of chromatin state in pluripotent and lineage-committed cells. Nature 448, 553â€“560 (2007)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Griffiths-Jones, S., Grocock, R. J., van Dongen, S., Bateman, A. & Enright, A. J. miRBase: microRNA sequences, targets and gene nomenclature. Nucleic Acids Res. 34, D140â€“D144 (2006)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Tam, O. H. et al. Pseudogene-derived small interfering RNAs regulate gene expression in mouse oocytes. Nature 453, 534â€“538 (2008)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Watanabe, T. et al. Endogenous siRNAs from naturally formed dsRNAs regulate transcripts in mouse oocytes. Nature 453, 539â€“543 (2008)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Clamp, M. et al. Distinguishing protein-coding and noncoding genes in the human genome. Proc. Natl Acad. Sci. USA 104, 19428â€“19433 (2007)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lin, M. F. et al. Revisiting the protein-coding gene catalog of Drosophila melanogaster using 12 fly genomes. Genome Res. 17, 1823â€“1836 (2007)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Siepel, A. et al. Evolutionarily conserved elements in vertebrate, insect, worm, and yeast genomes. Genome Res. 15, 1034â€“1050 (2005)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Carninci, P. et al. Genome-wide analysis of mammalian promoter architecture and evolution. Nature Genet. 38, 626â€“635 (2006)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Su, A. I. et al. Large-scale analysis of the human and mouse transcriptomes. Proc. Natl Acad. Sci. USA 99, 4465â€“4470 (2002)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Subramanian, A. et al. Gene set enrichment analysis: a knowledge-based approach for interpreting genome-wide expression profiles. Proc. Natl Acad. Sci. USA 102, 15545â€“15550 (2005)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Tanay, A., Sharan, R. & Shamir, R. Discovering statistically significant biclusters in gene expression data. Bioinformatics 18 (Suppl 1). S136â€“S144 (2002)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Chang, H. Y. et al. Robustness, scalability, and integration of a wound-response gene expression signature in predicting breast cancer survival. Proc. Natl Acad. Sci. USA 102, 3738â€“3743 (2005)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Carrio, M., Arderiu, G., Myers, C. & Boudreau, N. J. Homeobox D10 induces phenotypic reversion of breast tumor cells in a three-dimensional culture model. Cancer Res. 65, 7177â€“7185 (2005)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ventura, A. et al. Cre-lox-regulated conditional RNA interference from transgenes. Proc. Natl Acad. Sci. USA 101, 10380â€“10385 (2004)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Loh, Y. H. et al. The Oct4 and Nanog transcription network regulates pluripotency in mouse embryonic stem cells. Nature Genet. 38, 431â€“440 (2006)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ivanova, N. et al. Dissecting self-renewal in stem cells with RNA interference. Nature 442, 533â€“538 (2006)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Zhao, J., Sun, B. K., Erwin, J. A., Song, J. J. & Lee, J. T. Polycomb proteins targeted by a short repeat RNA to the mouse X chromosome. Science 322, 750â€“756 (2008)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
We would like to thank our colleagues at the Broad Institute, especially J. P. Mesirov for discussions and statistical insights, X. Xie for statistical help with conservation analyses, J. Robinson for visualization help, M. Ku, E. Mendenhall and X. Zhang for help generating ChIP samples, and N. Novershtern and A. Levy for providing transcription factor lists. M. Guttman is a Vertex scholar, I.A. acknowledges the support of the Human Frontier Science Program Organization. This work was funded by Beth Israel Deaconess Medical Center, National Human Genome Research Institute, and the Broad Institute of MIT and Harvard.
Author Contributions J.L.R., E.S.L., A.R. and M. Guttman conceived and designed experiments. The manuscript was written by M. Guttman, A.R., J.L.R. and E.S.L. J.L.R., I.A., C.F., D.F., M.H., B.W.C., J.P.C. and M. Guttman performed molecular biology experiments. All data analyses were performed by M. Guttman in conjunction with M. Garber (conservation analyses), M.F.L. (codon substitution frequency), T.S.M. (ChlP-seq data), O.Z. (motif analysis) and M.N.C. (lincRNA genomic location analysis). Reagents were provided by M. Garber (pre-published conservation analysis tools); T.J. and D.F. (p53 wild-type and knockout MEFs); N.H., A.R. and I.A. (dendritic cell stimulated time course); B.E.B. (ChlP data); R.J., B.W.C. and J.P.C. (luciferase assays); and M.K. and M.F.L. (codon substitution frequency code).


Author information
Author notes	John L. Rinn and Eric S. Lander: These authors contributed equally to this work.


Authors and Affiliations
	Broad Institute of MIT and Harvard, 7 Cambridge Center, Cambridge, Massachusetts 02142, USA, 
Mitchell Guttman,Â Ido Amit,Â Manuel Garber,Â Courtney French,Â Michael F. Lin,Â Maite Huarte,Â Or Zuk,Â Tarjei S. Mikkelsen,Â Nir Hacohen,Â Bradley E. Bernstein,Â Manolis Kellis,Â Aviv Regev,Â John L. RinnÂ &Â Eric S. Lander

	Department of Biology,, 
Mitchell Guttman,Â Bryce W. Carey,Â John P. Cassady,Â Rudolf Jaenisch,Â Tyler Jacks,Â Aviv RegevÂ &Â Eric S. Lander

	The Koch Institute for Integrative Cancer Research,, 
David FeldserÂ &Â Tyler Jacks

	Division of Health Sciences and Technology, and, 
Tarjei S. Mikkelsen

	Computer Science and Artificial Intelligence Laboratory, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139, USA, 
Manolis Kellis

	Department of Pathology, Beth Israel Deaconess Medical Center, Boston, Massachusetts 02215, USA, 
Maite HuarteÂ &Â John L. Rinn

	Department of Systems Biology, Harvard Medical School, Boston, Massachusetts 02114, USA, 
Moran N. CabiliÂ &Â Eric S. Lander

	Whitehead Institute for Biomedical Research, 9 Cambridge Center, Cambridge, Massachusetts 02142, USA, 
Bryce W. Carey,Â John P. Cassady,Â Rudolf JaenischÂ &Â Eric S. Lander

	Center for Immunology and Inflammatory Diseases,, 
Nir Hacohen

	Molecular Pathology Unit and Center for Cancer Research, Massachusetts General Hospital, Charlestown, Massachusetts 02129, USA, 
Bradley E. Bernstein

	Department of Pathology, Harvard Medical School, Boston, Massachusetts 02115, USA, 
Bradley E. BernsteinÂ &Â John L. Rinn


Authors	Mitchell GuttmanView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Ido AmitView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Manuel GarberView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Courtney FrenchView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Michael F. LinView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	David FeldserView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Maite HuarteView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Or ZukView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Bryce W. CareyView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	John P. CassadyView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Moran N. CabiliView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Rudolf JaenischView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Tarjei S. MikkelsenView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Tyler JacksView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Nir HacohenView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Bradley E. BernsteinView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Manolis KellisView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Aviv RegevView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	John L. RinnView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Eric S. LanderView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                John L. Rinn.


Supplementary information

Supplementary Figures
This file contains Supplementary Figures 1-11 with Legends (PDF 2081 kb)


Supplementary Information
This file contains Supplementary Methods and Supplementary References (PDF 147 kb)


Supplementary Table 1
In Supplementary Table 1 the K4-K36 domain coordinates are shown and the K4-K36 enriched domains in the 4 mouse cell types are listed. Coordinates are indicated in mouse genome build MM8. (XLS 107 kb)


Supplementary Table 2
In Supplementary Table 2 the lincRNA Exon Coordinates and Pi LOD Enrichment Score are shown. lincRNA exons defined by Nimbelegen tiling micorarrays are listed in mouse genome build MM9. Each exon has an associated Pi LOD Enrichment Score (Methods) reported. (XLS 174 kb)


Supplementary Table 3
In Supplementary Table 3 the characteristic properties of lincRNAs are shown. (DOC 36 kb)


Supplementary Table 4
In Supplementary Table 4 the PCR validation primer sequences are shown. Primer sequences used for validation of lincRNA expression by PCR and qPCR are reported. (XLS 31 kb)


Supplementary Table 5
In Supplementary Table 5 the Northern blot analysis probe sequences and primers are shown. Primers and amplicons for Northern blot analyses are provided. The correct file for Supplementary Table 5 was uploaded on 4th March, 2009. (XLS 27 kb)


Supplementary Table 6
In Supplementary Table 6 the Codon Substitution Frequency (CSF) Scores are shown. The CSF score for each K4-K36 domain is provided. Coordinates are reported in mouse genome build MM9. An updated version for Suplementary Table 6 was uploaded on 4th March, 2009 (XLS 122 kb)


Supplementary Table 7
In Supplementary Table 7 the Exon conservation for lincRNAs and other annotations are shown. Pi LOD Enrichment scores are provided for lincRNA exons and other annotations compared in the text. The coordinates are provided in Mouse genome MM9 and the max 12-mer LOD score as well as the randomized average max 12-mer LOD score is indicated along with the enrichment score. (XLS 836 kb)


Supplementary Table 8
In Supplementary Table 8 the lincRNA Promoter Conservation is shown. Pi LOD Enrichment scores are provided for each lincRNA promoter region, protein coding gene promoters, and random intergenic regions. Coordinates are provided in Mouse genome build MM9. (XLS 634 kb)


Supplementary Table 9
In Supplementary Table 9 the Human and Mouse orthologous lincRNAs are shown. lincRNAs defined in Human Lung Fibroblasts were lifted into the mouse genome (MM8) and enrichment statistics were computed for Mouse Lung Fibroblasts (Methods). The enrichment p-values and fold are indicated. (XLS 28 kb)


Supplementary Table 10
In Supplementary Table 10 the lincRNA expression across mouse tissue compendium is shown. lincRNA expression levels across various mouse cell types, tissues, and conditions are provided. The values are log values of the relative expression of each lincRNA. (XLS 420 kb)


Supplementary Table 11
In Supplementary Table 11 the Gene Set Enrichment Analysis (GSEA) association matrix is shown. Functional associations between lincRNAs (columns) and MSigDB terms (rows) are indicated. Positive association is indicated by a 1, negative association is indicated by an -1, and no association is indicated by a 0. (TXT 6203 kb)


Supplementary Table 12
In Supplementary Table 12 the P53 regulated lincRNAs upon DNA Damage Induction are shown. lincRNAs that temporally increase inP53 wild-type cells compared with P53 Knock-out cells upon stimulation with DNA damage are indicated along with their expression levels across the DNA damage time course. (XLS 26 kb)


Supplementary Table 13
In Supplementary Table 13 the P53 Motif Enrichments in induced lincRNAs are shown. P53 motif scores are provided for each lincRNA promoter along with the sequence of the best motif hit and its conservation. P53 induced lincRNAs are indicated in the last column. (XLS 347 kb)


Supplementary Table 14
In Supplementary Table 14 the NFKB regulated lincRNAs are shown. lincRNAs that are differentially expressed in TLR4 stimulation of BMDC cells compared with unstimulated BMDC cells are provided. (XLS 23 kb)


Supplementary Table 15
In Supplementary Table 15 the ES cells lincRNAs bound by Oct4 and/or Nanog are shown: The coordinates of the lincRNAs bound by Oct4/Nanog in ES cells is provided. (XLS 17 kb)


Supplementary Table 16
In Supplementary Table 16 the functional association of lincENC1 is shown. GSEA results for lincENC1 is provided for both profiled exons in the transcript. (XLS 23 kb)


Supplementary Table 17
In Supplementary Table 17the Enrichment of Gene Ontology (GO) terms for lincRNA neighbors is shown. Significant GO terms (FDR<.05) are indicated along with their associated p-values. (XLS 22 kb)





PowerPoint slides
PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3




Rights and permissions
Reprints and permissions


About this article
Cite this article
Guttman, M., Amit, I., Garber, M. et al. Chromatin signature reveals over a thousand highly conserved large non-coding RNAs in mammals.
                    Nature 458, 223â€“227 (2009). https://doi.org/10.1038/nature07672
Download citation
	Received: 05 August 2008

	Accepted: 25 November 2008

	Published: 01 February 2009

	Issue Date: 12 March 2009

	DOI: https://doi.org/10.1038/nature07672


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

                
                    	
                            
                                
                                    
                                        Transcriptomics and metabolomics of blood, urine and ovarian follicular fluid of yak at induced estrus stage
                                    
                                

                            
                                
                                    	Huangqing Zhao
	Yongzhen Huang
	Wei Peng


                                
                                BMC Genomics (2024)

                            
	
                            
                                
                                    
                                        LINC00571 drives tricarboxylic acid cycle metabolism in triple-negative breast cancer through HNRNPK/ILF2/IDH2 axis
                                    
                                

                            
                                
                                    	Zihan Xi
	Haohao Huang
	Tao Huang


                                
                                Journal of Experimental & Clinical Cancer Research (2024)

                            
	
                            
                                
                                    
                                        Non-coding RNAs as potential therapeutic targets for receptor tyrosine kinase signaling in solid tumors: current status and future directions
                                    
                                

                            
                                
                                    	Aysan Moeinafshar
	Mohammad Nouri
	Mohammad-Reza Ghasemi


                                
                                Cancer Cell International (2024)

                            
	
                            
                                
                                    
                                        Role and intervention of PAD4 in NETs in acute respiratory distress syndrome
                                    
                                

                            
                                
                                    	Xiaojie Liu
	Tianjun Li
	Hushan Ao


                                
                                Respiratory Research (2024)

                            
	
                            
                                
                                    
                                        Oncogenic lncRNA FAM215A promotes the malignant cell phenotypes of acute myeloid leukemia (AML) cell lines
                                    
                                

                            
                                
                                    	Lin Li
	Liuyan Xin
	Zhengrong Zou


                                
                                Journal of Molecular Histology (2024)

                            


                

            

        
    

            
                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
            
        

        
    



            

        
    


    
        Editorial Summary
Large RNAs: conserved for a purpose
Mammalian genomes are transcribed to produce numerous large non-coding RNAs, but their function is unclear, primarily because these transcripts show little or no evidence of evolutionary conservation. A new approach to characterizing these mysterious molecules has now moved the field on. Rather than targeting the RNA molecules themselves, their existence was revealed as chromatin modifications or epigenomic marks in the DNA of four mouse cell types. The search yielded over a thousand large multi-exonic transcriptional units that do not overlap known protein-coding loci and are highly conserved. Possible functions could be assigned to each of these large intervening non-coding RNAs (or lincRNAs), ranging from embryonic stem cell pluripotency to cell proliferation. Specific lincRNAs turn out to be regulated by transcription factors that are key in these processes including p53, NFÎºB, Sox2, Oct4, and Nanog â€” and most of these lincRNAs are conserved across mammals.

show all

    

    
    
        
            
                Associated content

                
                    
                        
                            
                                Collection

                                
                                    Methods for studying noncoding RNA
                                

                            
                        

                    
                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            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: ]
