







    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

	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 01 April 2021



                    Modular, efficient and constant-memory single-cell RNA-seq preprocessing

                    	Páll Melsted1 na1, 
	A. Sina Booeshaghi2 na1, 
	Lauren Liu3, 
	Fan Gao4,5, 
	Lambda Lu4, 
	Kyung Hoi (Joseph) Min 
            ORCID: orcid.org/0000-0003-0894-40176, 
	Eduardo da Veiga Beltrame4, 
	Kristján Eldjárn Hjörleifsson3, 
	Jase Gehring7 & 
	…
	Lior Pachter 
            ORCID: orcid.org/0000-0002-9164-62313,4 

Show authors

                    

                    
                        
    Nature Biotechnology

                        volume 39, pages 813–818 (2021)Cite this article
                    

                    
        
            	
                        18k Accesses

                    
	
                        138 Citations

                    
	
                            152 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Genome informatics
	Software
	Transcriptomics


    


                
    
    

    
    

                
            


        
            Abstract
We describe a workflow for preprocessing of single-cell RNA-sequencing data that balances efficiency and accuracy. Our workflow is based on the kallisto and bustools programs, and is near optimal in speed with a constant memory requirement providing scalability for arbitrarily large datasets. The workflow is modular, and we demonstrate its flexibility by showing how it can be used for RNA velocity analyses.
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                    Fig. 1: The kallisto bustools workflow.[image: ]


Fig. 2: 10x Genomics v3 M. musculus neuron 10k benchmark comparison.[image: ]


Fig. 3: RNA velocity.[image: ]
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                Data availability

              
              A diverse set of 20 datasets was compiled for the purpose of benchmarking preprocessing workflows. Datasets produced and distributed by 10x Genomics were downloaded from the 10x Genomics data downloads page: https://support.10xgenomics.com/single-cell-gene-expression/datasets. Six v3 chemistry datasets and two v2 chemistry datasets were downloaded and processed (Supplementary Table 3). Another 12 datasets were obtained from either the SRA or the European Nucleotide Archive; all were produced with 10x Genomics v2 chemistry. For six of the datasets (SRR6956073, SRR6998058, SRR7299563, SRR8206317, SRR8327928 and SRR8524760), the BAM files were downloaded and the Cell Ranger utility bamtofastq was run to produce FASTQ files for preprocessing from Cell Ranger–structured BAM files. FASTQ files were downloaded directly for the datasets E-MTAB-7320, SRR8257100, SRR8513910, SRR8599150 (available at https://github.com/bustools/getting_started/releases/download/getting_started/SRR8599150_S1_L001_R1_001.fastq.gz and https://github.com/bustools/getting_started/releases/download/getting_started/SRR8599150_S1_L001_R2_001.fastq.gz), SRR8611943 and SRR8639063.

              Details of all datasets and their accession numbers can be found in Supplementary Table 3. All genome annotations and reference transcriptomes can be found at https://doi.org/10.22002/D1.1876.

            

Code availability

              
              The software versions used for the results in the paper were: Alevin v0.13.1, bustools v0.39.1, Cell Ranger v3.0.0, DropletUtils v1.6.1, kallisto v0.46.0, Python 3.7, R v3.5.2, Scanpy v1.4.1, scvelo 0.1.17, Seurat v3.0, snakemake v5.3.0, STARsolo v2.7.0e, velocyto v0.17.17, wc v8.22 (GNU coreutils) and zcat v1.5 (gzip). All programs were run with default options unless otherwise specified. The code to reproduce the findings of this paper is available at https://github.com/pachterlab/MBLGLMBHGP_2021/, kallisto is available at https://github.com/pachterlab/kallisto/ and bustools is available at https://github.com/BUStools/bustools/. Documentation and tutorials for using the kallisto bustools scRNA-seq workflow are available at http://pachterlab.github.io/kallistobustools.
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