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Genome Editing
Development and Application
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Applications of Genome Engineering

Hsu et al., Cell 157, June 5, 2014
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Functional genomic analysis

Melinda B. Tierney and Kurt H. Lamour, The Plant Health Instructor., 2005
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Reverse genetics 

in eukaryotes

Hardy et. Al., Biol. Cell (2010) 102, 561ï580



www.zgenebio.com.tw

1998 2008 2010 2012

Classical and contemporary approaches for establishing 

gene functions
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Genome Editing

http://en.hdbuzz.net

Genome editing is a type of genetic engineering in which DNA is inserted, replaced, 

or removed from a genome using artificially engineered nucleases, or "molecular 

scissorsñ.

http://en.wikipedia.org/wiki/Genetic_engineering
http://en.wikipedia.org/wiki/DNA
http://en.wikipedia.org/wiki/Genome
http://en.wikipedia.org/wiki/Nuclease
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NHEJ and HDR

Jeffry D Sander & J Keith Joung, Nature Biotechnology, 2014  doi:10.1038
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Nuclease-induced genome editing

Joung & Sander, Nature Reviews Molecular Cell Biology 14, 49-55 (2013)
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Different classes of endonuclease used for 

genome emgineering purposes

Epinat et al. Topics in Current Genetics Volume 23, 2013, pp 147-185 
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Zinc-finger nucleases (ZFNs)

http://ko.cwru.edu
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Bacterial spots induced by Xanthomonas campestris in plants

Transcription Activator-Like Effector
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The Structure of TALE

Dong Deng et al., Science2012 (121:5670)

Repeat Variable Di-residues (RVD): 34 aa
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TALEN: TAL effector nucleases

Gaj et al,, Trends in Biotechnology 2013, Vol. 31, No. 7l., 397-405
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ZFN and TALEN DNA binding mechanisms

Pablo Perez-Pinera, et al., Current Opinion in Chemical Biology 2012 (268-277) 
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The applications of TALEN in different species

Knockout mice created by TALEN-mediated gene targeting 

(Nature Biotechnology, 2013)

Generation of Rag1-knockout immunodeficient rats and mice using 

engineered meganucleases  (FASEB J, 2012)

Efficient targeted gene disruption in Xenopus embryos using engineered 

transcription activator-like effetor nucleases (TALENs)  (PNAS, 2012)

In vivo genome editing using a high-effeciency TALEN system 

(Nature, 2012)

Efficient and specific modifications of the Drosophila genome by means of 

an easy TALEN strategy (JGG, 2012)

Transcription Activator-Like Effector Nucleases Enable

Efficient Plant Genome Engineering (Plant Physiol., 2013)

High-efficiency TALEN-based gene editing produces disease-resistant rice 

(Nature Biotechnology, 2012)

Efficient design and assembly of custom TALEN and other TAL effector-

based constructs for DNA targeting (Nucleic Acids Res., 2011)
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Our TALEN Service
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Assembly technologies of TALEN
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Assembly speed: Solid-phase> Ligation-independent > Golden Gate >REAL
Assembly successful rate:  Solid-phaseҗ [ƛƎŀǘƛƻƴ-ƛƴŘŜǇŜƴŘŜƴǘ җ DƻƭŘŜƴ DŀǘŜ җREAL
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The 3rd generation ZGene eTALEN

1st generation vector (Native form)

2nd generation vector (Goldy TALEN)

3rd generation vector (eTALEN)

Point mutation* ** Heterodimer

Homodimer

Homodimer

Vector backbone Relative activity

1

X2

X 6

N
L

S

287aa RVDs 231 aa FokI

N
L

S

136aa RVDs 63 aa FokI

N
L

S

136aa RVDs 63 aa FokI

The activity of ZGene eTALEN is sixfold greater than NativeTALEN.
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CRISPR System
Background and Principle
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Clustered regulatory interspaced short palindromic repeat 

(CRISPR)

Mali et al., Nature methods, VOL.10 NO.10 957-963 

Phase1 : immunization

Phase2 :  immunity
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Clustered regulatory interspaced short palindromic repeat 

(CRISPR)

http://ko.cwru.edu
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CRISPR-Cas9 system components

Prashant Mali et al., Science 339, 823 (2013)



www.zgenebio.com.twLe Cong et al. Science 339, 819 (2013)



www.zgenebio.com.tw

Nature 2013 TOP 10 Science

FENG ZHANG: DNAôs master editor

Borrowing from bacteria, a biologist helps to create a powerful tool for 

customizing DNA.

By Daniel Cressey

http://www.nature.com
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Relative characteristics of genome-editing tools

System Origin
Typical genomic 

target site

Flexibility in 

site selection

Ease of use 

affordabillity
Efficay

Specificity lack 

of off-target 

effects

ZFNs
Adapted from zinc finger 

proteins widely found in 

nature

Pair of 9- or 12-bp 

sequences + + ++ ++

TALENs
Adapted from TAL effector 

proteins in plant pathogens

Pair of 13-bp or longer 

sequences (no length 

limitation)
++ ++ ++ +++

CRISPR/

Cas
Adapted from bacterial (S.

pyogenes) immune system

20-bp protospacer + 3-bp 

PAM (23- bp sequence) ++ +++ +++ +
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Application of CRISPR-Cas9
Mammalian Cells
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CRISP-Cas9 system 

applied in cells

Ran et al., Nature protocols, 2013, VOL.8 NO.11, 2281-2308
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Transfection Efficiency 

More than 50% 

efficiency is 

recomanded

A preferred method in Lab was used

CRISPR plasmid is 

~8-10K bp

Oligo DNA

ds DNA

Cell culture conditions

Cell 

Types

DNA
Medium 

conditions

ï Transfection efficiency can be determined by 

antibiotic selection or fluorescence presentation 
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Mutation Screening

Cell Research (2013) 23:720-723. doi:10.1038/cr.2013.46
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Mutation sequencing

Cell Research (2013) 23:720-723. doi:10.1038/cr.2013.46
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High Resolution Melting (HRM)

http://hrm.gene-quantification.info/
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CRISPR/Cas9-Mediated Genome Editing in Adult Stem Cells

Schwank et al., Cell Stem Cell 13, 653ï658, 2013
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Targeting Rates of 

CRISPR/Cas System

Prashant Mali et al., Science 339, 823 (2013)
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Application of CRISPR-Cas9
Transgenic Animals
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In-vitro transcription of Cas9 and gRNA

5ῂ- CAP AAAAAAA AAAAAAA

In-vitro transcription with 5ô-CAP In-vitro transcription without 5ô-CAP

Co-microinjection
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Generation of targeted mouse mutants by 

embryo microinjection

Wefers et al., Nature Protocols 8, 2355ï2379 (2013)Doyle et al., Transgenic Res. 2012 April ; 21(2): 327ï349.
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Correction of a Genetic Disease

in Mouse via Use of CRISPR-Cas9

Wu et al., Cell Stem Cell 2013, 13, 659ï662

ǐ-crystallin
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Correction of a Genetic Disease

in Mouse via Use of CRISPR-Cas9
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Mice with Reporters in the Endogenous Genes

Cell 2013 154, 1370-1379DOI: (10.1016/j.cell.2013.08.022) 

60 bp 60 bp42 bp

Oligo donor

Zlastocys

ts/Injecte

d Zygotes

Targeted 

Blastocys

ts

/Total

Target 

ESCs

/Total

Transferre

d embryos 

(recipients)

Knockin pre-

and postnatal 

mice/Total

414/498 ND 7/16 200(10) 12/35


