
Programmable Nucleases for Genome Editing

ZFN (1996)
Code: 1 ZF motif / 3bp

TALEN (2010)
Code: 1 RVD motif / 1bp

RGN (2012)
Code: RNA-DNA, 1base / 1bp
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Program nuclease based on DNA binding
specificity of zinc fingers and TAL effectors

Program nuclease 
according to RNA:DNA 
base pairing
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ZFN (1996)
Code: 1 ZF motif / 3bp
In practice, need 4-6 ZF motifs in tandem array (ZFA) for 
good site specificity on each side of cut site.

‐‐‐From Sigma catalog

ZFA ZFA5‐7 bp spacer



‐‐‐http://www.addgene.org/



‐‐Mak et al. 2013. Cur. Op. Struct. Bio. 23:93–99



‐‐Shan et al. 2013. Mol. Plant 6 : 1365‐1368. 



‐‐‐https://tale‐nt.cac.cornell.edu

Need to choose a target in a stretch of DNA?   
Use TAL‐Effector Nucleotide Targetter 2.0



Bacterial CRISPR-Cas Adaptive Immune System

Annu. Rev. Genet.
45: 273-297 (2011)

clustered regularly interspaced short palindromic repeats



First Publication on CRISPR/Cas9 Genome Editing



Engineering CRISPR/Cas9 for Plant Genome Editing

Xie and Yang (2013) Mol Plant 6: 1975-1983 
Xie et al. (2014) Mol Plant 7: 923-926
Xie et al. (2014) Bio-Protocol 7: e1225
Xie et al. (2015) PNAS 112: 3570-3575
US Patent Application 14/291,605 
US Provisional Patent Application 62/065,093

gRNA: single guide RNA
PAM: protospacer adjacent motif



CRISPR/Cas9 Editing Specificity
Specificity/off-target determinants:
1. Cas9 protein (some variants may be more specific)
2. Cas9 concentration in the cell
3. Cas9 exposure time or duration (transient vs. stable)
4. DNA sequences of genomic sites

Selection of specific gRNA spacer



Note:  If provide no repair
template, get mutation via
NHEJ (non homologous 
end joining).

Note:  If provide repair
template, do not get double
CO, as shown.  Instead, 
likely get SDSA, initiated at 
the DSB on the cut 
chromosome.



DNA repair template containing the desired sequence can be added into the cell 
along with the gRNA/Cas9.  For HDR, a high degree of homology both upstream &
downstream of the DSB must be present.  As might expect, CRISPR-Cas9 will 
keep working in the cell, even on repaired area, so it is useful to design the repair
template such that it is not cut by your CRISPR-Cas9 after repair is complete.

--- www.addgene.org
--Gaj. 2013. TrendsBiotech. 31:397-405


