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“The biological significance of these sequences is not known.”

Houtman et al., FASEB, Horizons in Bioscience

Marraffini & Sontheimer Nat. Rev. Genet, 2010 

 By 2002, this pattern had a name, CRISPR (clustered regularly interspaced short palindromic repeats). 

 Nearby Cas (CRISPR-associated) genes were also described. 

But CRISPR/Cas was still a curiosity, with no known function.

 Similar patterns were found in many other species of bacteria.
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 Engineering of phage resistance into sensitive industrial bacteria

 Silencing of endogenous genes as an alternative to knockout methods
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Genome engineering
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 A crucial first step for performing targeted genome editing is the creation of a DSB at the genomic locus to be modified. 

Carroll et al., Genetics, 2011
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Sander & Joung, Nature Biotechnology, 2014

 DSBs can be repaired by one of at least two different pathways that operate in nearly all cell types and organisms:

homology directed repair (HDR) and non-homologous end-joining (NHEJ)



Wang et al., Annual review of biochemistry 2016
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 Complex

 Time-consuming

 Low efficiency

 High efficiency (1- 50 %)

 Complex

 Time-consuming design

Capecchi , Nat. Rev. Genet, 2005 

Gaj et al. Trends in Biotechnology, 2013

 Facile design

 High efficiency



 Each ZFN is composed of: 

A zinc-finger protein (ZFP) at the amino terminus

The FokI nuclease domain at the carboxyl terminus

Kim $ Kim, Nat. Rev. Genet, 2014 



 Each TALEN is composed of: 

Transcription activator-like effectors (TALEs) at the amino terminus 

The FokI nuclease domain at the carboxyl terminus

 Each TALE repeat is comprised of 33–35 amino acids and recognizes a single base pair through the amino acids at positions 

12 and 13, which is called the repeat variable diresidue (RVD). 

Kim $ Kim, Nat. Rev. Genet, 2014 
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 RNA Guided Nuclease (RGN)
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Depression of off-targets

Enhancement of specificity 



 This feature could simplify the design and delivery of genome-

editing tools. For example, the shorter (42 nt) crRNA employed by 

Cpf1 has practical advantages over the long (100 nt) guide RNA in 

Cas9-based systems because shorter RNA oligos are significantly 

easier and cheaper to synthesize.

 Cpf1 generates a staggered cut with a 50 overhang, in contrast to 

the blunt ends generated by Cas9. This structure of the cleavage 

product could be particularly advantageous for  facilitating 

nonhomologous end joining (NHEJ)-based gene insertion into the 

mammalian genome. Being able to program the exact sequence of 

a sticky end would allow researchers to design the DNA insert so 

that it integrates into the genome in the proper orientation. 

Specifically, in non-dividing cells, in which genome editing via 

homology-directed repair (HDR) mechanisms is especially 

challenging ,Cpf1 could provide an effective way to precisely 

introduce DNA into the genome via non-HDR mechanisms. 

Acidominococcus and Lachnospiraceae
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Ran et al., Nature Protocols, 2013 
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Somatic genetic modificationTransgenic animalsCell line manipulation

Genome scale functional screening

Genome regulation Imaging of DNA loci
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 This tool can record exposure to light, antibiotics, and viral infection or 

document internal molecular events

Tang et al. Science 2018
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https://en.wikipedia.org/wiki/CRISPR/Cas_Tools
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