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            Abstract
Copy number variants (CNVs) are associated with changes in gene expression levels and contribute to various adaptive traits1,2. Here we show that a CNV at the Grain Length on Chromosome 7 (GL7) locus contributes to grain size diversity in rice (Oryza sativa L.). GL7 encodes a protein homologous to Arabidopsis thaliana LONGIFOLIA proteins, which regulate longitudinal cell elongation. Tandem duplication of a 17.1-kb segment at the GL7 locus leads to upregulation of GL7 and downregulation of its nearby negative regulator, resulting in an increase in grain length and improvement of grain appearance quality. Sequence analysis indicates that allelic variants of GL7 and its negative regulator are associated with grain size diversity and that the CNV at the GL7 locus was selected for and used in breeding. Our work suggests that pyramiding beneficial alleles of GL7 and other yield- and quality-related genes may improve the breeding of elite rice varieties.
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                    Figure 1: GL7 regulates grain length and quality.[image: ]


Figure 2: Elevated expression of GL7 increases grain length.[image: ]


Figure 3: Correlation between genomic structure variations and grain length diversity.[image: ]


Figure 4: Relationship between GL7 or Os07g0603400 and other grain sizeâ€“related loci.[image: ]


Figure 5: Application of GL7 in breeding.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Identification of a novel QTL and candidate gene associated with grain size using chromosome segment substitution lines in rice
                                        
                                    

                                    
                                        Article
                                         Open access
                                         08 January 2021
                                    

                                

                                Dianwen Wang, Wenqiang Sun, â€¦ Sibin Yu

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Natural variation of OsGluA2 is involved in grain protein content regulation in rice
                                        
                                    

                                    
                                        Article
                                         Open access
                                         26 April 2019
                                    

                                

                                Yihao Yang, Min Guo, â€¦ Changjie Yan

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Population structure, allelic variation at Rht-B1 and Ppd-A1 loci and its effects on agronomic traits in Argentinian durum wheat
                                        
                                    

                                    
                                        Article
                                         Open access
                                         10 June 2022
                                    

                                

                                Ana Laura Achilli, Pablo Federico Roncallo, â€¦ Viviana Echenique

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                Accession codes

              
              
                Primary accessions

                
                  GenBank/EMBL/DDBJ
	
                    
                        KP899557
                      

                  


                
              
            

References
	Stranger, B.E. et al. Relative impact of nucleotide and copy number variation on gene expression phenotypes. Science 315, 848â€“853 (2007).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Tang, Y.C. & Amon, A. Gene copy-number alterations: a cost-benefit analysis. Cell 152, 394â€“405 (2013).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Weischenfeldt, J., Symmons, O., Spitz, F. & Korbel, J.O. Phenotypic impact of genomic structural variation: insights from and for human disease. Nat. Rev. Genet. 14, 125â€“138 (2013).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	McHale, L.K. et al. Structural variants in the soybean genome localize to clusters of biotic stress-response genes. Plant Physiol. 159, 1295â€“1308 (2012).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Cook, D.E. et al. Copy number variation of multiple genes at Rhg1 mediates nematode resistance in soybean. Science 338, 1206â€“1209 (2012).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Yu, P. et al. Detection of copy number variations in rice using array-based comparative genomic hybridization. BMC Genomics 12, 372 (2011).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Yu, P. et al. Genome-wide copy number variations in Oryza sativa L. BMC Genomics 14, 649 (2013).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Fitzgerald, M.A., McCouch, S.R. & Hall, R.D. Not just a grain of rice: the quest for quality. Trends Plant Sci. 14, 133â€“139 (2009).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Fan, C. et al. GS3, a major QTL for grain length and weight and minor QTL for grain width and thickness in rice, encodes a putative transmembrane protein. Theor. Appl. Genet. 112, 1164â€“1171 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Zhang, X. et al. Rare allele of OsPPKL1 associated with grain length causes extra-large grain and a significant yield increase in rice. Proc. Natl. Acad. Sci. USA 109, 21534â€“21539 (2012).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Song, X.J., Huang, W., Shi, M., Zhu, M.Z. & Lin, H.X.A. QTL for rice grain width and weight encodes a previously unknown RING-type E3 ubiquitin ligase. Nat. Genet. 39, 623â€“630 (2007).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Shomura, A. et al. Deletion in a gene associated with grain size increased yields during rice domestication. Nat. Genet. 40, 1023â€“1028 (2008).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Li, Y. et al. Natural variation in GS5 plays an important role in regulating grain size and yield in rice. Nat. Genet. 43, 1266â€“1269 (2011).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ishimaru, K. et al. Loss of function of the IAA-glucose hydrolase gene TGW6 enhances rice grain weight and increases yield. Nat. Genet. 45, 707â€“711 (2013).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Qi, P. et al. The novel quantitative trait locus GL3.1 controls rice grain size and yield by regulating Cyclin-T1;3. Cell Res. 22, 1666â€“1680 (2012).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wang, S. et al. Control of grain size, shape and quality by OsSPL16 in rice. Nat. Genet. 44, 950â€“954 (2012).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Li, Y. et al. Chalk5 encodes a vacuolar H+-translocating pyrophosphatase influencing grain chalkiness in rice. Nat. Genet. 46, 398â€“404 (2014).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Zuo, J. & Li, J. Molecular genetic dissection of quantitative trait loci regulating rice grain size. Annu. Rev. Genet. 48, 99â€“118 (2014).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Qiu, X., Gong, R., Tan, Y. & Yu, S. Mapping and characterization of the major quantitative trait locus qSS7 associated with increased length and decreased width of rice seeds. Theor. Appl. Genet. 125, 1717â€“1726 (2012).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Shao, G. et al. Allelic variation for a candidate gene for GS7, responsible for grain shape in rice. Theor. Appl. Genet. 125, 1303â€“1312 (2012).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Lee, Y.K. et al. LONGIFOLIA1 and LONGIFOLIA2, two homologous genes, regulate longitudinal cell elongation in Arabidopsis. Development 133, 4305â€“4314 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Drevensek, S. et al. The Arabidopsis TRM1-TON1 interaction reveals a recruitment network common to plant cortical microtubule arrays and eukaryotic centrosomes. Plant Cell 24, 178â€“191 (2012).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Imbe, T. et al. Development of a multipurpose high yielding rice variety â€œTakanariâ€�. Bull. Natl. Inst. Crop Sci. 5, 35â€“51 (2004).

                    Google ScholarÂ 
                

	Cheng, J., Li, C., Wu, Y., Zheng, H. & Liang, S. Features and properties of indica rice sterile line Yuefeng A with high quality and its utilization. Guangdong Agr. Sci. 4, 5â€“6 (2002).

                    Google ScholarÂ 
                

	Wang, Z. et al. A practical vector for efficient knockdown of gene expression in rice (Oryza sativa L.). Plant Mol. Biol. Rep. 22, 409â€“417 (2004).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Hiei, Y., Ohta, S., Komari, T. & Kumashiro, T. Efficient transformation of rice (Oryza sativa L.) mediated by Agrobacterium and sequence analysis of the boundaries of the T-DNA. Plant J. 6, 271â€“282 (1994).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Walter, M. et al. Visualization of protein interactions in living plant cells using bimolecular fluorescence complementation. Plant J. 40, 428â€“438 (2004).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
We thank the National Medium Rice Genebank at the China National Rice Research Institute for providing rice accessions. This work was supported by grants from the Ministry of Science and Technology of China (2013CBA01400) and the National Natural Science Foundation of China (31221004, 31201004 and 31201194).


Author information
Author notes	Yuexing Wang, Guosheng Xiong and Jiang Hu: These authors contributed equally to this work.


Authors and Affiliations
	State Key Laboratory of Rice Biology, China National Rice Research Institute, Hangzhou, China
Yuexing Wang,Â Jiang Hu,Â Jie Xu,Â Yunxia Fang,Â Erbo Xu,Â Jing Xu,Â Weijun Ye,Â Ruifang Liu,Â Hongqi Chen,Â Xudong ZhuÂ &Â Qian Qian

	State Key Laboratory of Plant Genomics, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing, China
Yuexing Wang,Â Guosheng Xiong,Â Liang Jiang,Â Hong Yu,Â Xiangbing Meng,Â Yanhui Jing,Â Yonghong WangÂ &Â Jiayang Li

	National Center for Plant Gene Research (Beijing), Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing, China
Yuexing Wang,Â Guosheng Xiong,Â Liang Jiang,Â Hong Yu,Â Xiangbing Meng,Â Yanhui Jing,Â Yonghong WangÂ &Â Jiayang Li

	Agricultural Genomics Institute at Shenzhen, Chinese Academy of Agricultural Sciences, Shenzhen, China
Guosheng Xiong,Â Longjun Zeng,Â Ruifang LiuÂ &Â Qian Qian


Authors	Yuexing WangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Guosheng XiongView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jiang HuView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Liang JiangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Hong YuView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jie XuView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Yunxia FangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Longjun ZengView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Erbo XuView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jing XuView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Weijun YeView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Xiangbing MengView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Ruifang LiuView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Hongqi ChenView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Yanhui JingView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Yonghong WangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Xudong ZhuView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jiayang LiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Qian QianView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Contributions
Yuexing Wang, G.X. and J.H. designed research, performed experiments, analyzed data and wrote the manuscript. L.J., Jie Xu, Y.F., L.Z., E.X., Jing Xu, W.Y., X.M., H.C. and Y.J. performed the experiments. H.Y., R.L. and Yonghong Wang designed research and analyzed data. J.L., Q.Q. and X.Z. conceived the project and designed research. J.L. and Q.Q. supervised the project, analyzed data and wrote the manuscript.
Corresponding authors
Correspondence to
                Xudong Zhu, Jiayang Li or Qian Qian.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Supplementary information

Supplementary Text and Figures
Supplementary Figures 1â€“22 and Supplementary Tables 1 and 2. (PDF 3109 kb)


Supplementary Table 3
Allelic variations of grain lengthâ€“related genes and grain lengths of 96 accessions. (XLSX 21 kb)


Supplementary Table 4
Polymorphic analysis of grain lengthâ€“related genes in 96 accessions. (XLSX 45 kb)





Source data
Source data to Fig. 1




Rights and permissions
Reprints and permissions


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



Cite this article
Wang, Y., Xiong, G., Hu, J. et al. Copy number variation at the GL7 locus contributes to grain size diversity in rice.
                    Nat Genet 47, 944â€“948 (2015). https://doi.org/10.1038/ng.3346
Download citation
	Received: 18 April 2015

	Accepted: 01 June 2015

	Published: 06 July 2015

	Issue Date: August 2015

	DOI: https://doi.org/10.1038/ng.3346


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

                
                    	
                            
                                
                                    
                                        A mediator of OsbZIP46 deactivation and degradation negatively regulates seed dormancy in rice
                                    
                                

                            
                                
                                    	Naihui Guo
	Shengjia Tang
	Peisong Hu


                                
                                Nature Communications (2024)

                            
	
                            
                                
                                    
                                        Natural variation of Grain size 3 allele differentially functions in regulating grain length in xian/indica and geng/japonica rice
                                    
                                

                            
                                
                                    	Yong-Bin Peng
	Chen-Yang Du
	Xian-Zhi Xie


                                
                                Euphytica (2024)

                            
	
                            
                                
                                    
                                        Identification of qGL4.1 and qGL4.2, two closely linked QTL controlling grain length in rice
                                    
                                

                            
                                
                                    	Peng Yun
	Caijuan Zhang
	Zefu Li


                                
                                Molecular Breeding (2024)

                            
	
                            
                                
                                    
                                        Exploration of quality variation and stability of hybrid rice under multi-environments
                                    
                                

                            
                                
                                    	Rirong Chen
	Dongxu Li
	Yuanzhu Yang


                                
                                Molecular Breeding (2024)

                            
	
                            
                                
                                    
                                        Dissection and validation of quantitative trait loci (QTLs) conferring grain size and grain weight in rice
                                    
                                

                            
                                
                                    	Ping Sun
	Yuanyuan Zheng
	Yuqing He


                                
                                Euphytica (2024)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                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 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: ]
