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Abstract Gene editing is a new type of genetic engineering technology in which DNA at the desired
position is inserted deleted or mutated by nuclease. As a result the expression of targeted gene is
regulated and led to new phenotypes. Widely used in the study of gene structure and function and gene
modifications in various kinds of species gene editing technologies provide a new tool for disease models
establishment animal and plant breeding and the study of gene therapy. Gene editing tools mainly
include zine finger nuclease ( ZFN)  transcription activatorike effector nuclease ( TALEN) and cluster
regulatory interspaced short palindromic repeat/ CRISPR associated proteins ( CRISPR/Cas) . This review
will focus on the mechanisms and the latest progresses on the three gene editing technologies.
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physical or chemical methods can break DNA and make
double-strand breaks in DNA. The DSB can be repaired by
non-homologous end joining ( NHEJ) or homology—directed ., ZFN
repair ( HDR) . NHEJ and HDR can be applied separately
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Fig.2 Principle of ZFNs ZincHinger molecules consist of a zinc finger DNA binding domain and Fok | nuclease. One ZFP
( zinc finger protein) can recognize three nucleotides. Two ZFNs bind to the target domain in tail to tail direction and two Fok |
nuclease generate DSB
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Fig.3 Principle of TALENs TALEN consists of DNA binding domain and Fok [ nuclease domain. TALEN binds the target
DNA domain in the major groove and a pair of TALENs enable Fok | dimerization to generate DSB

Fig.4 Principle of Cas9 gRNA binds the target DNA sequence through Watson-Crick base-pairing. Then Cas9 binds the
gRNA in the downstream of PAM sequence. HNH nuclease domain of Cas9 cleaves the complementary target DNA strand whereas

the RuvC nuclease domain cleaves the opposite strand
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Table 1 Comparison of three genome editing tools
ZFN TALEN CRISPR/Cas9
More efficient and specific
Advantages  Ffficient and specific Efficient and specific Easy to assemble

Can target any DNA sequence

Multiple loci can be edited
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Construct the delivery plasmid for target site

Have context-dependent effect
Disadvantages and the offtarget effect **

Expensive to construct
because
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55 3 TALEN is 34 times longer than ZFNs '* 77
Time consuming and difficult to construct
Homologous recombination is prone to occur

Sequence-recognizing
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Low precision repair
Unavoidable mosaicism
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