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The Cas9 protein from CRISPR (Clustered Regularly Interspaced Palindromic Repeats)-Cas (CRISPR Associated) 

bacterial defense systems has been adopted as a robust and multifaceted genome editing tool. The Cas9 RNA guided 

DNA endonuclease can be directed to cleave, nick or bind a specific site in the chromosomal DNA just by changing the 

guide RNA sequence. Cas9-based tools have been used to edit genomic DNA, modulate gene expression, visualize 

genomic loci in cells and deaminate nucleotide bases. However, for Cas9 to bind a given target, a short nucleotide 

sequence motif, termed PAM, is required. This PAM constraint as well as insufficient specificity are major obstacles for 

Cas9 genome editing. Thus, analysis of natural Cas9 orthologs could offer an increased diversity of PAM sequences and 

biochemical properties which may be beneficial to genome editing applications. 

Cas9 nucleases are abundant in microbes. To explore this large uncharacterized diversity of Cas9 orthologs, we 

established a phylogeny-guided bioinformatic selection approach and developed biochemical screens based on cell-free 

recombinant protein expression and interrogation of plasmid libraries containing randomized PAM sequences for the 

rapid characterization of novel Cas9 proteins and identification of PAM requirements. Guide RNAs for each Cas9 

ortholog were designed in silico by identifying putative tracrRNA (trans-activating CRISPR RNA) coding regions in 

respective native loci. The examined set revealed nucleases that exhibit a wide range of distinctive T-, A-, C- and G-rich 

PAM preferences, ranging from two to more than four nucleotides, as well as generate staggered-end breaks or require 

longer spacers to function robustly. Our results indicate that the natural diversity of Cas9 orthologs provides a source of 

various PAM recognition sequences and other potentially desirable properties that may be used to expand the genome 

editing toolbox. 


