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            Abstract
Single-cell barcoding technologies enable genome sequencing of thousands of individual cells in parallel, but with extremely low sequencing coverage (<0.05Ã—) per cell. While the total copy number of large multi-megabase segments can be derived from such data, important allele-specific mutationsâ€”such as copy-neutral loss of heterozygosity (LOH) in cancerâ€”are missed. We introduce copy-number haplotype inference in single cells using evolutionary links (CHISEL), a method to infer allele- and haplotype-specific copy numbers in single cells and subpopulations of cells by aggregating sparse signal across hundreds or thousands of individual cells. We applied CHISEL to ten single-cell sequencing datasets of ~2,000 cells from two patients with breast cancer. We identified extensive allele-specific copy-number aberrations (CNAs) in these samples, including copy-neutral LOHs, whole-genome duplications (WGDs) and mirrored-subclonal CNAs. These allele-specific CNAs affect genomic regions containing well-known breast-cancer genes. We also refined the reconstruction of tumor evolution, timing allele-specific CNAs before and after WGDs, identifying low-frequency subpopulations distinguished by unique CNAs and uncovering evidence of convergent evolution.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Access Nature and 54 other Nature Portfolio journals
Get Nature+, our best-value online-access subscription
$29.99 /Â 30Â days
cancel any time

Learn more


Subscribe to this journal
Receive 12 print issues and online access
$209.00 per year
only $17.42 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Fig. 1: The CHISEL algorithm.[image: ]


Fig. 2: CHISEL reliably identifies allele-specific copy numbers.[image: ]


Fig. 3: CHISEL reveals haplotype-specific CNAs and WGDs that shape tumor evolution.[image: ]


Fig. 4: Reconstruction of tumor heterogeneity and evolution across multiple tumor sections.[image: ]
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                Data availability

              
              The sequencing data from 10x Genomics Chromium Single Cell CNV Solution for patient S0 are available at https://support.10xgenomics.com/single-cell-dna/datasets. Raw read counts and phased SNP counts for patient S0 are available at https://doi.org/10.5281/zenodo.3817605 and for patient S1 at https://doi.org/10.5281/zenodo.3817536. The DOP-PCR sequencing data of 89 breast tumor cells are available from the NCBI Sequence Read Archive under accession SRA: SRP114962. All the processed data for all datasets of patients S0 and S1 and for the DOP-PCR data, as well as all the results of CHISEL, are available on GitHub at https://github.com/raphael-group/chisel-data.
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