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            Abstract
The number and diversity of known CRISPR–Cas systems have substantially increased in recent years. Here, we provide an updated evolutionary classification of CRISPR–Cas systems and cas genes, with an emphasis on the major developments that have occurred since the publication of the latest classification, in 2015. The new classification includes 2 classes, 6 types and 33 subtypes, compared with 5 types and 16 subtypes in 2015. A key development is the ongoing discovery of multiple, novel class 2 CRISPR–Cas systems, which now include 3 types and 17 subtypes. A second major novelty is the discovery of numerous derived CRISPR–Cas variants, often associated with mobile genetic elements that lack the nucleases required for interference. Some of these variants are involved in RNA-guided transposition, whereas others are predicted to perform functions distinct from adaptive immunity that remain to be characterized experimentally. The third highlight is the discovery of numerous families of ancillary CRISPR-linked genes, often implicated in signal transduction. Together, these findings substantially clarify the functional diversity and evolutionary history of CRISPR–Cas.
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                    Fig. 1: Updated classification of class 1 CRISPR–Cas systems.[image: ]


Fig. 2: Updated classification of class 2 CRISPR–Cas systems.[image: ]


Fig. 3: Distribution of the six types of CRISPR–Cas system in the major archaeal and bacterial phyla.[image: ]


Fig. 4: Ancillary genes in CRISPR–Cas systems.[image: ]


Fig. 5[image: ]
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Glossary
	CRISPR
	
                  Clustered regularly interspaced short palindromic repeats, present in most archaeal and many bacterial genomes.

                
	Cas
	
                  CRISPR-associated (proteins).

                
	Adaptation
	
                  First stage of the CRISPR–Cas response that involves spacer acquisition.

                
	Interference
	
                  Final stage of the CRISPR–Cas response, which involves recognition and cleavage of the target DNA or RNA.

                
	Protospacer-adjacent motif
	
                  (PAM). A short nucleotide sequence next to the protospacer that is required for target recognition by the crRNA effector.

                
	Protospacer
	
                  Segment of DNA (typically, from a virus or plasmid) that is acquired by CRISPR–Cas systems via the activity of the adaptation complex.

                
	CRISPR array
	
                  Genomic locus containing multiple, tandem CRISPR.

                
	Spacer
	
                  Unique segment of DNA inserted between CRISPR units.

                
	CRISPR–cas

	
                  Archaeal and bacterial system of adaptive immunity that consists of a CRISPR array and cas genes.

                
	pre-crRNA
	
                  Long transcript of a CRISPR locus that is processed to yield the crRNA CRISPR–Cas system, where it is incorporated as a spacer.

                
	crRNAs
	
                  Short RNA molecules containing the spacer sequence and parts of the CRISPR, used as the guide to target and cleave cognate foreign DNA or RNA.

                
	Transposon
	
                  A mobile genetic element, typically flanked by inverted terminal repeats, that changes its location in the host genome by inserting into new sites with the help of a transposon-encoded enzyme known as transposase, integrase or recombinase.

                
	Casposon
	
                  A member of a distinct class of transposons that employ a Cas1 homologue as the transposases and are thought to be the ancestors of CRISPR–Cas adaptation modules.
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