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            Abstract
Existing technologies for site-specific integration of kilobase-sized DNA sequences in bacteria are limited by low efficiency, a reliance on recombination, the need for multiple vectors, and challenges in multiplexing. To address these shortcomings, we introduce a substantially improved version of our previously reported Tn7-like transposon from Vibrio cholerae, which uses a Type I-F CRISPRâ€“Cas system for programmable, RNA-guided transposition. The optimized insertion of transposable elements by guide RNAâ€“assisted targeting (INTEGRATE) system achieves highly accurate and marker-free DNA integration of up to 10 kilobases at ~100% efficiency in bacteria. Using multi-spacer CRISPR arrays, we achieved simultaneous multiplexed insertions in three genomic loci and facile, multi-loci deletions by combining orthogonal integrases and recombinases. Finally, we demonstrated robust function in biomedically and industrially relevant bacteria and achieved target- and species-specific integration in a complex bacterial community. This work establishes INTEGRATE as a versatile tool for multiplexed, kilobase-scale genome engineering.




            
                
                    

    
        
            
                
                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: Streamlined single-plasmid system for RNA-guided DNA integration.[image: ]


Fig. 2: INTEGRATE supports high-efficiency insertion of large (10-kb) genetic payloads.[image: ]


Fig. 3: Orthogonal INTEGRATE systems facilitate multiple, iterative insertions.[image: ]


Fig. 4: Multi-spacer CRISPR arrays direct single-step multiplexed insertions.[image: ]


Fig. 5: Robust and highly accurate INTEGRATE activity in additional Gram-negative bacteria.[image: ]
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                Data availability

              
              NGS data are available in the NCBI Sequence Read Archive (BioProject accession code PRJNA668381). Published genomes used for analyses were obtained from the NCBI (accessions codes CP001509.3, U00096.3, CP009273.1 and AE015451.2). Datasets generated and analyzed in the current study, as well as custom scripts used for the described data analyses, are available from the corresponding author upon reasonable request. Source data are provided with this paper.

            

Code availability

              
              Custom Python scripts used for the described NGS data analyses are available online via GitHub (https://github.com/sternberglab/Vo_etal_2020). The INTEGRATE guide RNA design tool and associated documentation are available online via GitHub (https://github.com/sternberglab/INTEGRATE-guide-RNA-tool).
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