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            Key Points

                	
                  Analyses of cancer genome sequences and structures provide insights for understanding cancer biology, diagnosis and therapy.

                
	
                  The application of second-generation DNA sequencing technologies (also known as next-generation sequencing) is allowing substantial advances in cancer genomics. In recent years, it has become feasible to sequence the expressed genes ('transcriptomes'), known exons ('exomes'), and complete genomes of cancer samples.

                
	
                  There are particular challenges for the detection and diagnosis of cancer genome alterations. For example, some cancer genome alterations are prevalent at low frequency in clinical samples, often owing to substantial admixture with non-malignant cells.

                
	
                  The large quantity of data from second-generation sequencing provides statistical and computational challenges.

                
	
                  An impetus for studies of somatic genome alterations is the potential for therapies targeted against the products of these alterations.

                


              

Abstract
Cancers are caused by the accumulation of genomic alterations. Therefore, analyses of cancer genome sequences and structures provide insights for understanding cancer biology, diagnosis and therapy. The application of second-generation DNA sequencing technologies (also known as next-generation sequencing) â€” through whole-genome, whole-exome and whole-transcriptome approaches â€” is allowing substantial advances in cancer genomics. These methods are facilitating an increase in the efficiency and resolution of detection of each of the principal types of somatic cancer genome alterations, including nucleotide substitutions, small insertions and deletions, copy number alterations, chromosomal rearrangements and microbial infections. This Review focuses on the methodological considerations for characterizing somatic genome alterations in cancer and the future prospects for these approaches.
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                    Figure 1: Depth of coverage and physical coverage.[image: ]


Figure 2: Sequence capture for cancer genomics.[image: ]


Figure 3: Types of genome alterations that can be detected by second-generation sequencing.[image: ]
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Glossary
	Second-generation sequencing
	
                  Used in this Review to refer to sequencing methods that have emerged since 2005 that parallelize the sequencing process and produce millions of typically short sequence reads (50â€“400 bases) from amplified DNA clones. It is also often known as next-generation sequencing.

                
	First-generation sequencing
	
                  (also known as Sanger sequencing or capillary sequencing). The standard sequencing methodology used to sequence the reference human (and other model organism) genomes. It uses radioactively or fluorescently labelled dideoxynucleotide triphosphates (ddNTPs) as DNA chain terminators. Various detection methods allow read-out of sequence according to the incorporation of each specific terminator (ddATP, ddCTP, ddGTP or ddTTP).

                
	Whole-genome amplification
	
                  Various molecular techniques (including multiple displacement amplification, rolling circle amplification or degenerate oligonucleotide primed PCR) in which very small amounts (nanograms) of a genomic DNA sample can be multiplied in a largely unbiased fashion to produce suitable quantities for genomic analysis (micrograms).

                
	Moore's law
	
                  The observation made in 1965 by Gordon Moore that the number of transistors per square inch on integrated circuits had doubled every other year since the integrated circuit was invented.

                
	Chromatin immunoprecipitation
	
                  A technique used to identify the location of DNA-binding proteins and epigenetic marks in the genome. Genomic sequences containing the protein of interest are enriched by binding soluble DNA chromatin extracts (complexes of DNA and protein) to an antibody that recognizes the protein or modification.

                
	Over-sampling
	
                  Reading the same stretch of DNA sequence many times to gain a confident sequence read-out.

                
	Shotgun sequencing
	
                  Sequencing randomly derived fragments of the whole genome. The order and orientation of the sequences are determined by mapping individual reads back to a reference or through assembly of overlapping sequences into larger contigs of sequence.

                
	Jumping library
	
                  A method of library construction in which the genome is divided into large fragments using a rare cutter enzyme. Fragments are circularized and DNA sequences are read from the ends of the fragment, without reading the intervening sequence.

                
	Transformation assay
	
                  The measurement of cell phenotypes to assess oncogenic changes.

                
	Digital karyotyping
	
                  A method to quantify DNA copy number. Short sequence-derived tags that cover the genome are used to read-out relative copy number.

                
	Directed sequencing
	
                  Sequencing only subsets of the genome, for example, particular genes or regions of interest.

                
	Free serum DNA
	
                  DNA that is cell-free and is circulating in the bloodstream. It typically refers to tumour DNA that can be isolated in the blood.

                



Rights and permissions
Reprints and permissions


About this article
Cite this article
Meyerson, M., Gabriel, S. & Getz, G. Advances in understanding cancer genomes through second-generation sequencing.
                    Nat Rev Genet 11, 685â€“696 (2010). https://doi.org/10.1038/nrg2841
Download citation
	Published: 17 September 2010

	Issue Date: October 2010

	DOI: https://doi.org/10.1038/nrg2841


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

                
                    	
                            
                                
                                    
                                        Comprehensive genomic profiling for oncological advancements by precision medicine
                                    
                                

                            
                                
                                    	Maya Pankiw
	Christine Brezden-Masley
	George S. Charames


                                
                                Medical Oncology (2023)

                            
	
                            
                                
                                    
                                        Whole-exome sequencing identified mutational profiles of urothelial carcinoma post kidney transplantation
                                    
                                

                            
                                
                                    	Lee-Moay Lim
	Wen-Yu Chung
	Hung-Tien Kuo


                                
                                Journal of Translational Medicine (2022)

                            
	
                            
                                
                                    
                                        Duplex sequencing identifies genomic features that determine susceptibility to benzo(a)pyrene-induced in vivo mutations
                                    
                                

                            
                                
                                    	Danielle P. M. LeBlanc
	Matthew Meier
	Francesco Marchetti


                                
                                BMC Genomics (2022)

                            
	
                            
                                
                                    
                                        Application of second-generation sequencing in congenital pulmonary airway malformations
                                    
                                

                            
                                
                                    	Gang Zhang
	Chun Cai
	Gang Yu


                                
                                Scientific Reports (2022)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                        
                            
                                Series

                                
                                    Applications of next-generation sequencing
                                

                            
                        

                    
                        
                            
                                Series

                                
                                    Study designs
                                

                            
                        

                    
                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Credits
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Publishing model
                                
                            
	
                                
                                    Editorial input and checks
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    Webcasts
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Calendars
                                
                            
	
                                
                                    Conferences
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Reviews Genetics (Nat Rev Genet)
                
                
    
    
        ISSN 1471-0064 (online)
    
    


                
    
    
        ISSN 1471-0056 (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: Cancer]
                    Sign up for the Nature Briefing: Cancer newsletter â€” what matters in cancer research, free to your inbox weekly.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get what matters in cancer research, free to your inbox weekly.
            Sign up for Nature Briefing: Cancer
            
        


    









    [image: ]







[image: ]
