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Engineered Nucleases :  

CRISPR/CAS 



CRISPR/Cas System Type I, II, III 



PAM 

Protospacer Adjacent Motif 

crRNA 
tracRNA 



 Cell Engineering Using Engineered Nucleases 



Knockdown vs Knockout 

siRNA shRNA EN 

Knockdown Knockout 

Effect 
Reduce Eleminate 

Quantitative (50-90%) 0% 

Duration Transient Permanent Permanent 

Stability N/A Fluctuate* Stable 

Specificity Low Low High# 









1. Active RGENs: for animal sample  



2. DNA-direct RGENs: for cell line 





500 bp 

Cas 9 and sgRNA － － － ＋ ＋ ＋ 











Service:  in vitro 

Determine cell line 

Design CRISPR/CAS 

Transfection (transfer CRISPR) 

T7E1 Assay Report 

Select knock-in or knock-out Stable Cell Line 

Genotyping Stable Cell Line 



Gene KO in Mouse/Rat 

Identification of mice with 
high % chimerism 

Development of 
aRGEN) 

m 

m 
m 

m 

m 

Embryo injection  
and transfer 

WT X 

Identification of F1 
heterozygous KO mouse 

1.5 months 

2 months 

m 

m 

m 

m 

EN  
In RNA 

enzyme form 



Service:  in vivo 

Determine inbred mouse strain 

Design CRISPR/CAS 

Microinjection of RGENs into mouse embryos 

 Transfer Embryos into the oviducts of pseudopregnant foster mothers 

Produce founders 

Genotyping of Chimera /Heterozygous /Homozygous founders 



Gene KO in Zebrafish and Mouse  

1.5~2 month 

Genotyping 
(Somatic mutation/ 

F0 Chimerism) 

Genotyping 
(Germline mutation/           

Founder) 

Genotyping 
(Somatic mutation/ 

F1 Hetero KO) 

1 month 

1.5~2 month 

EN  
In RNA 

enzyme form 



Service:  in vivo 

Design CRISPR/CAS 

Microinjection of RGENs into zebrafish embryos 

 Analysis CRISPR/Cas efficiency  

Produce larvae 

Genotyping of Chimera /Heterozygous /Homozygous adults 



(i) protoplast transformation and  
(ii)   leaf tissue transformation using the agroinfiltration method. 

Belhaj et al. Plant Methods 2013, 9:39 





RGENs have recently been shown to support efficient genome 
engineering in human cells, zebrafish and bacteria  
( Cho et al. 2013. Nature Biotech ., Cong et al. 2013. Science , 
Hwang et al. 2013 Nature Biotech ., Jiang et al. 2013 Nature 
Biotech ., Mali et al. 2013. Science ).  
 
In addition, the use of RGENs allows multiplexing of genome 
engineering processes (e.g., knockout of multiple genes in a cell at 
one time). RGEN applications will expand to various plant and 
animal cells/organisms soon.  
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SgRNA vector 
Ca9 WT vector 
Cas9 EGFP/Hygro and RFP/puro vector 
Cas9 D10A vector 
Surrogate reporter 

SgRNA mRNA 
Cas9 mRNA 
Recombinant Cas9 protein  

Talen 
Surrogate reporter 

dRGEN 

aRGEN 

Talen 







 Unlike Cas9 nucleases that cleaved both strands of DNA substrates, Cas9 
nickases composed of guide RNA and a mutant form of Cas9 in which a catalytic 
aspartate residue is changed to an alanine (D10A Cas9) cleaved only one strand, 
producing site-specific nicks  
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