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1. Zinc Finger Nuclease (ZFN)
2. Transcription activator-like effector Nuclease (TALEN)

3. Clustered Regularly Interspaced Short Palindromic Repeat (CRISPR)



T4 HT—XILFT—1 Zinc Finger Nuclease (ZFN)

Fingers: % %‘

Triplets: GIGIG]
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Transcription activator-like effector (TALE)

HEYHRRE HEXIDNA
FH UM EFREME |
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DNA Binding Domain

TALEDNY / LIZHEE T HZEIZKY
HEYHREE)DECFREHHENAEHLD,

TALE nucleases: tailored genome engineering made easy

Claudio Mussolino and Toni Cathomen
Current Opinion in Biotechnology 2012, 23:1-7




A—L > TALEND#EE

A transcription activator-like effector toolbox for
genome engineering

Neville E Sanjana'?*, Le Cong'*, Yang Zhou'*%, Margaret M Cunniff'?, Guoping Feng"? & Feng Zhang!?

NATURE PROTOCOLS | VOL.7 NO.1 | 2012 | 171
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clustered regularly interspaced short palindromic repeats (CRISPR)
CRISPR associated protein 9 (Cas9)
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clustered regularly interspaced short p
CRISPR associated protein 9 (Cas9)
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1. CRISPR RNA (crRNA)
2. trans-activating crRNA (tracrRNA)
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CRISPR/Cas9i AT LDt FABHF

Cas9 programmed by crRNA:tracrBNA duplex
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M 1. CRISPR RNA (crRNA)

target DMNA
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3 ——— tracrRNA Science. 2012 Aug 17;337(6096):816-21.

Cas9 programmed by single chimeric RNA
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crRANA-racrRNA chimera  Fuse (by artificial) crRNA + tracrRNA=guide RNA (gRNA)
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CRISPR/Cas9|Z&kBFJLE /C57BL/6JR ™I R D {EHY

Wild-type ACCTCAGTTCCCCTTCAAAGGGGTGGATGACCGTGAGTCCTGGCCCTCTGTGTTTTATAATAG
#1-1 ACCTCAGTTCCCCTTCAAAGGGGTGGATGACC | TGAGTCCTGGCCCTCTGTGTTTTATAATAG

#1-2 ACCTCAGTTCCCCTTCAAAGGGGTGGATGACC———~-~- TCCTGGCCCTCTGTGTTTTATAATAG
#2-1 ACCTCAGTTCCCCTTCAAAGGGG------- (20 bp) -=------ CCCTCTGTGTTTTATAATAG
#2-2 ACCTCAGTTCCCCTTCAAAGGGOTGG==~= (17 bip) ~—===== CCCTCTGTGTTTTATAATAG

(Mizuno S. and Sugiyama F. et al. Mammalian Genome. 2014)



DNAIZEE & 9 M UL 7L Cas9 (dead Cas9)

60 94 180 308 718 775 909 1099 1368
‘ Bridge ‘ Rec | ‘ Rec Il \ Rec | RuvC HNH RuvC PAM
Helix Interacting
— o

a Cas9 nuclease
PAM
RuvC (NGG
= DNA -
: % Guide RNA 5 umm CCTGAGCCTAATCGGCGCTGAGG un 3
o _ HuH
e
, CCUGAGCCUAAUCGGCGCUG
Nucleotide glmmswsumizn 0987654321
sition
positi ‘,_‘,_;gRNA

D10A
Cas9 nickase

CCTGAGCCTAATCGGCGCTGAGG
HNH

GGACTCGGATTAGCCGCEAC TCC

e C H840A
Cas9 nickase RUVC
i CCTGAGCCTAATCGGCGCTGAGG - —— CCTGAGCCTAATCGGCGUTGAGE .
HE L L BEE [ 1]

GGACTCGGATTAGCCGCGACTCC

vv—

GGACTCGGATTAGCCGCGACTCC

vv—

Nature Biotechnology 32, 347—-355 (2014) doi:10.1038/nbt.2842
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Effector

dCas9 J’o \ @ Transcription activator  GEf£1E)

sgRNA O
TIITTTTIT

{ " Transcription repressor (HI#4t)

—|

lTarget gene Human genome

L ] I |
DNA targeting Regulation

Cell. 2013 Jul 18;154(2):442-51.
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