







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature Biotechnology]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature biotechnology

	resources

	
                                    article


    
        
        
            
            
                
                    	Resource
	Published: 09 September 2021



                    Establishing community reference samples, data and call sets for benchmarking cancer mutation detection using whole-genome sequencing

                    	Li Tai Fang 
            ORCID: orcid.org/0000-0003-3201-51621 na1, 
	Bin Zhu 
            ORCID: orcid.org/0000-0003-0172-55162 na1, 
	Yongmei Zhao 
            ORCID: orcid.org/0000-0003-0800-46583 na1, 
	Wanqiu Chen 
            ORCID: orcid.org/0000-0003-3706-78344, 
	Zhaowei Yang 
            ORCID: orcid.org/0000-0002-1805-43604,5, 
	Liz Kerrigan6, 
	Kurt Langenbach6, 
	Maryellen de Mars6, 
	Charles Lu7, 
	Kenneth Idler7, 
	Howard Jacob7, 
	Yuanting Zheng8, 
	Luyao Ren8, 
	Ying Yu8, 
	Erich Jaeger9, 
	Gary P. Schroth 
            ORCID: orcid.org/0000-0002-3055-056X9, 
	Ogan D. Abaan9, 
	Keyur Talsania3, 
	Justin Lack3, 
	Tsai-Wei Shen 
            ORCID: orcid.org/0000-0001-9644-17483, 
	Zhong Chen 
            ORCID: orcid.org/0000-0003-2444-82164, 
	Seta Stanbouly4, 
	Bao Tran10, 
	Jyoti Shetty10, 
	Yuliya Kriga10, 
	Daoud Meerzaman11, 
	Cu Nguyen11, 
	Virginie Petitjean12, 
	Marc Sultan12, 
	Margaret Cam13, 
	Monika Mehta 
            ORCID: orcid.org/0000-0003-3928-373310, 
	Tiffany Hung14, 
	Eric Peters14, 
	Rasika Kalamegham14, 
	Sayed Mohammad Ebrahim Sahraeian1, 
	Marghoob Mohiyuddin1, 
	Yunfei Guo1, 
	Lijing Yao1, 
	Lei Song2, 
	Hugo Y. K. Lam1, 
	Jiri Drabek15,16, 
	Petr Vojta 
            ORCID: orcid.org/0000-0003-0036-185315,16, 
	Roberta Maestro 
            ORCID: orcid.org/0000-0002-6642-559216,17, 
	Daniela Gasparotto16,17, 
	Sulev Kõks 
            ORCID: orcid.org/0000-0001-6087-664316,18,19, 
	Ene Reimann 
            ORCID: orcid.org/0000-0002-5410-443316,19, 
	Andreas Scherer 
            ORCID: orcid.org/0000-0002-4254-712216,20, 
	Jessica Nordlund16,21, 
	Ulrika Liljedahl16,21, 
	Roderick V. Jensen22, 
	Mehdi Pirooznia 
            ORCID: orcid.org/0000-0002-4210-645823, 
	Zhipan Li24, 
	Chunlin Xiao 
            ORCID: orcid.org/0000-0001-8702-488925, 
	Stephen T. Sherry25, 
	Rebecca Kusko 
            ORCID: orcid.org/0000-0001-6730-599026, 
	Malcolm Moos27, 
	Eric Donaldson28, 
	Zivana Tezak29, 
	Baitang Ning30, 
	Weida Tong30, 
	Jing Li5, 
	Penelope Duerken-Hughes31, 
	Claudia Catalanotti32, 
	Shamoni Maheshwari32, 
	Joe Shuga32, 
	Winnie S. Liang 
            ORCID: orcid.org/0000-0002-5698-773533, 
	Jonathan Keats 
            ORCID: orcid.org/0000-0003-4375-739933, 
	Jonathan Adkins33, 
	Erica Tassone33, 
	Victoria Zismann33, 
	Timothy McDaniel33, 
	Jeffrey Trent 
            ORCID: orcid.org/0000-0003-0183-420233, 
	Jonathan Foox34, 
	Daniel Butler34, 
	Christopher E. Mason 
            ORCID: orcid.org/0000-0002-1850-164234, 
	Huixiao Hong 
            ORCID: orcid.org/0000-0001-8087-396830, 
	Leming Shi 
            ORCID: orcid.org/0000-0002-2981-41508, 
	Charles Wang4,31, 
	Wenming Xiao 
            ORCID: orcid.org/0000-0003-4096-972429 & 
	The Somatic Mutation Working Group of Sequencing Quality Control Phase II Consortium

Show authors

                    

                    
                        
    Nature Biotechnology

                        volume 39, pages 1151–1160 (2021)Cite this article
                    

                    
        
            	
                        13k Accesses

                    
	
                        27 Citations

                    
	
                            105 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Next-generation sequencing
	Quality control


    


                
    
    

    
    

                
            


        
            Abstract
The lack of samples for generating standardized DNA datasets for setting up a sequencing pipeline or benchmarking the performance of different algorithms limits the implementation and uptake of cancer genomics. Here, we describe reference call sets obtained from paired tumor–normal genomic DNA (gDNA) samples derived from a breast cancer cell line—which is highly heterogeneous, with an aneuploid genome, and enriched in somatic alterations—and a matched lymphoblastoid cell line. We partially validated both somatic mutations and germline variants in these call sets via whole-exome sequencing (WES) with different sequencing platforms and targeted sequencing with >2,000-fold coverage, spanning 82% of genomic regions with high confidence. Although the gDNA reference samples are not representative of primary cancer cells from a clinical sample, when setting up a sequencing pipeline, they not only minimize potential biases from technologies, assays and informatics but also provide a unique resource for benchmarking ‘tumor-only’ or ‘matched tumor–normal’ analyses.
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                    Fig. 1: Schematic of the bioinformatics pipelines used to define the confidence levels of the somatic mutation call set (see Methods for details).[image: ]


Fig. 2: Definition and validation of the somatic mutation reference call set.[image: ]


Fig. 3: Initial definition and validation of germline variants.[image: ]


Fig. 4: Clonality analysis of the HCC1395 cell line using bulk DNA and DNA from single cells.[image: ]
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                Data availability

              
              All raw data (FASTQ files) are available on NCBI’s SRA database (SRP162370). The call set for somatic mutations in HCC1395 cells, VCF files derived from individual WES and WGS runs, BAM files for BWA-MEM alignments and source codes are available on NCBI’s ftp site (ftp://ftp-trace.ncbi.nlm.nih.gov/ReferenceSamples/seqc/Somatic_Mutation_WG). Some alignment files (BAM) are also available on Seven Bridges’ CGC platform under SEQC-II project. gDNA tested in the current study was prepared by ATCC using cell expansions from master banks of cells for the HCC1395 (ATCC, CRL-2324) and HCC1395BL (ATCC, CRL-2325) cell lines. gDNA aliquots from these preparations were distributed to the sequencing centers to perform WGS and WES as described. For remaining gDNA aliquots, contact the corresponding authors. Contact ATCC for additional materials related to the HCC1395 and HCC1395BL cell lines.

            

Software and code availability

              
              The code to create somatic reference call set v1.2 is deposited on GitHub under a BSD 2-Clause open-source license tagged at https://github.com/bioinform/somaticseq/tree/seqc2_v1.2. A snapshot can also be downloaded at https://github.com/bioinform/somaticseq/archive/seqc2_v1.2.tar.gz.
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Extended data

Extended Data Fig. 1 3D scatter plot shows the consistency of SomaticSeq and NeuSomatic classification of somatic variant calls.
3D scatter plot for number of PASS classifications by SomaticSeq, NeuSomatic-E, and VAF for (a) SNV (R = 0.997) and (b) indel calls (R = 0.925). (c) The subset of SNV calls that were re-sequenced by AmpliSeq. Solid markers are deemed ‘validated.’ Open markers are deemed ‘not validated.’ Stars/crosses are deemed uninterpretable. HighConf calls generally have many PASS calls and a full range of VAF. MedConf have fewer PASS calls and tend to have lower VAF. Unclassified calls have a full range of VAF, which means their somatic signals were poor-quality.


Extended Data Fig. 2 Genome coverage and high-confidence regions.
(a) Genome coverage by reads from three technologies. Inner track: PacBio. Middle track: 10X Genomics. Outer track: Illumina HiSeq. (b) Genome regions coverage by short reads in comparison to NA12878. Outer black Track: Gene density plot. Middle orange track: NA12878. Inner blue track: the callable regions in HCC1395.


Extended Data Fig. 3 Validation of somatic indels.
(a) Validation of indels by AmpliSeq. R = 0.989 for HighConf calls. (b) Validation of indels by WES with Ion Torrent. R = 0.767 for HighConf calls. (c) Validation of indels by WES with HiSeq. R = 0.990 for HighConf calls. (d) Histogram of indel sizes. The dashed lines on the diagonal for (a), (b), and (c) are the 95% binomial confidence-interval of observed VAF given the actual VAF, calculated based on depths of 2000X for AmpliSeq, 34X for Ion Torrent, and 100X for WES, respectively. (d) shows the indel lengths of the somatic indels in the reference call set.


Extended Data Fig. 4 Validation of germline indels.
Germline indel scatter plots comparing VAF super set to confirmed VAF. (a) VAF scatter plot of germline indels by WGS super set and AmpliSeq. (b) VAF scatter plot of germline indels by truth set and Ion Torrent WES.


Extended Data Fig. 5 Karyotyping of HCC1395 and HCC1395BL.
(a) Karyotype of HCC1395. Cytogenetic analysis was performed on ten G-Banded metaphase cells from HCC1395. Analysis pointed to a hypertetraploid line with chromosome counts ranging from 64-79 and gain of 38-63 unidentifiable marker chromosomes. (b) Karyotype of HCC1395BL. Cytogenetic analysis was performed on ten G-banded metaphase cells from HCC1395BL. All ten cells showed loss of a chrX and an unbalanced whole arm translocation between the long-arm of chr6 at band q10 and the short-arm of chr16 at band p10. This resulted in a net loss of one copy of the short-arm of chr6 and loss of one copy of the long-arm of chr16. The abnormal chromosome could be placed in either a chr6 or chr16 locus as we were unable to determine if the centromere belongs to chr6 or chr16 (inset figure).


Extended Data Fig. 6 Cytogenetic analysis with Affymetrix Cytoscan HD microarray.
Cytogenetic analysis with Affymetrix Cytoscan HD microarray. (a) Cytogenetic view of HCC1395. (b) Cytogenetic view of HCC1395BL. The losses of chr6p, chr16q, and chrX were confirmed.


Extended Data Fig. 7 Variant allele frequencies across the genome.
(a) VAF of truth set germline SNVs in HCC1395BL. The copy numbers of HCC1395BL were predicted by Affymetrix Cytoscan HD microarray. (b) VAF of the truth set germline SNV positions (discovered in HCC1395BL) in HCC1395. (c) VAF of the truth set somatic SNVs in HCC1395. The copy numbers of HCC1395 were predicted by ascatNgs.


Extended Data Fig. 8 Variant allele frequencies of somatic mutations.
(a) VAFs of somatic SNVs and indels in the reference call sets. (b) VAFs of reference SNVs in different copy number states as predicted by ascatNgs.


Extended Data Fig. 9 Tumor sample HCC1395 CNV and Clonality Analysis.
Tumor sample HCC1395 CNV and Clonality Analysis. (a) Clonality analysis from WES data using SuperFreq for tumor cell line HCC1395. The clonality of each somatic SNV was calculated based on the VAF, accounting for local copy number. The SNVs and CNAs were evaluated with hierarchical clustering based on the clonality and uncertainty across replicates for HCC1395. The river plot shows the relative distribution of multiple subclones in HCC1395. The main cancer clone (blue) and the two subclones (red and green) appeared in early time of clonal evolution, while subclone (orange) and its descendant (peak) appeared in the late event of the clonal evolution. (b) The main- and sub-clonal somatic copy number profiles using subHMM38 from the Illumina WGS data set. Main-clonal genotype: upper panel; sub-clonal genotype: middle panel; sub-clonal proportion: bottom bar plot. Each colored block represents the genotype of somatic copy number alterations (SCNAs) in the corresponding position of the chromosome. The chromosomes are separated by vertical dash lines. Genotype of SCNAs: deletion (DEL), homozygous deletion (HOMD), hemizygous deletion loss of heterozygosity (DLOH), copy neutral loss of heterozygosity (NLOH), diploid heterozygous (HET), gain of one allele (GAIN), amplified loss of heterozygosity (ALOH), allele-specific copy number amplification (ASCNA), balanced copy number amplification (BCNA), and unbalanced copy number amplification (UBCNA).


Extended Data Fig. 10 Number of somatic mutations detected in HCC1395 and 560 triple negative and non-triple negative breast cancers from previous literature.
Number of somatic mutations detected in HCC1395 and 560 triple negative and non-triple negative breast cancers from previous literature59.
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Supplementary Data 1
Tables of manually curated somatic variant calls: a record of manually inspected variant sites.


Supplementary Data 2
Tables of somatic coding variants and germline variants in ClinVar.


Supplementary Data 3
Tables of somatic variant calls where the validation platform showed discrepancy with the reference data sets
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