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https://www.ncbi.nlm.nih.gov/pubmed/15931173

(Capecchi MR., Nat Rev Genet. 2005)
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https://www.ncbi.nlm.nih.gov/pubmed/15931173
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https://www.ncbi.nlm.nih.qov https://www.ncbi.nIm.nih.gov
/pubmed/23181949 /pubmed/25852742

(Brandsma & Gent., Genome Integr., 2012) | (Krajewska, Front. Genet., 2015)
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Transcription activator-like
effector nuclease (TALEN)

Zinc finger nuclease (ZFN)
p

CRISPR/Cas system
Cas9XIL7—E SRS AT
N-- -i\.WNI\.WNI\.U\‘—|1 |

Cb ~ * Meganuclease
HAERNA
&V \ RN ARCUT

(PNA + Ce(IV)/EDTA, HAEA$)
N---N Nﬁw
= g oo

e BurrH-based nucleases?:&
(BFik., L2 EEHY., 2016)
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ZFN vs TALEN vs CRISPR/Cas

https://www.ncbi.nlm.nih.gov/pubmed/24690881

(Kim & Kim., Nat Rev Genet., 2014)


https://www.ncbi.nlm.nih.gov/pubmed/24690881

ZFN vs TALEN vs CRISPR/Cas
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Vol. 93, pp- 1156-1160, February 1996
Biochemistry

Hybrid restriction enzymes: Zinc finger fusions to Fok I
cleavage domain
YANG-GYUN KIM, JOOYEUN CHA, AND SRINIVASAN CHANDRASEGARAN™*

https://www.ncbi.nlm.nih.gov/pmc/articles
/PMC40048/

| PNAS | August 24, 2010 | vol. 107 | no. 34
Gene targeting by homologous recombination in
mouse zygotes mediated by zinc-finger nucleases

Melanie Meyer*®, Martin Hrabé de Angelis®, Wolfgang Wurst*®®', and Ralf Kiihn*"

https://www.ncbi.nlm.nih.gov/pubmed
/20686113



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC40048/
https://www.ncbi.nlm.nih.gov/pubmed/20686113

https://www.ncbi.nlm.nih.gov/pubmed/21822235

DeFrancesco (2011)

| BTRZFNIE S DRESL SIS F |

OLTA method ﬁl”“

Microinjection Embryo transfer

1stPCR
Partial ZF fragment
"
ZF1 2 .
ZF1-Fy =l 4—7ZF2-Rv ZF2 2E3
ZF2-Fit oo €—FaRy > [ —
ZE3-Fw =t ZF4-R % ZF3 4
27 PCR s
ZFt P2
j— ]
mmmmmmmammm s C—
ZF3  ZF4
L
34 PCR 9
T Target Mutated pups (%)
<« ZF4-Rv .
_— o Gli3 22/5 (22.7)
DNA-bII"IdII"IQ domain N R05026 7/1 (14 3)
ﬁPromotorHFLAG|NLsth' Tv (Nuclease|pA|
Platform-vector Amp' Ilzrg 8/1 (12-5)

<
ﬁPromotorHFLAG|NLS — m——— N uclease|pA Agpep 16/16 (100)
ZFN t
= Ampr (Fuijii et al., PLoS ONE, 2013, Fujii et al., J Reprod Develop., 2015)



https://www.ncbi.nlm.nih.gov/pubmed/21822235
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https://www.ncbi.nlm.nih.gov/pubmed/23302927

(Sung et al., Nat Biotechnol., 2013)


https://www.ncbi.nlm.nih.gov/pubmed/23302927

CRISPR/Cas|Z& B4 / LERE

www.sciencemag.org SCIENCE WVOL 339 15 FEBRUARY 2013
RNA-Guided Human Genome Multiplex Genome Engineering
Engineering via Cas9 ‘Using CRISPR/Cas Systems

3 Le Cong,™** F. Ann Ran,™** David Cox,™ Shuailiang Lin,™* Robert Barretto,” Naomi Habib,

Prashant Mali,"* Luhan Yang,™* Kevin M. Esvelt,” John Aach,* Marc Guell," James E. DiCarlo,* | ! s ! ! Shuattian - bar h
Julie E. Norville,* George M. Church™?f ! Patrick D. Hsu,™" Xuebing Wu,” Wenyan Jiang,” Ludano A. Marraffini,” Feng Zhang™t

https://www.ncbi.nlm.nih.gov/pubmed
/23287718

https://www.ncbi.nlm.nih.gov/pubmed
[23287722



https://www.ncbi.nlm.nih.gov/pubmed/23287722
https://www.ncbi.nlm.nih.gov/pubmed/23287718
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https://www.ncbi.nlm.nih.gov/pubmed https://www.ncbi.nlm.nih.gov/pubmed
/23545779 /23643243

(Shen et al., Cell Res., 2013) (Wang et al., Cell., 2013)


https://www.ncbi.nlm.nih.gov/pubmed/23545779
https://www.ncbi.nlm.nih.gov/pubmed/23643243

CRISPR/Cas|=Z&dY5 /LR ZE
(RO RZRHIE)

Long-type

lJIJAG;'\Il‘r?llJ}l\C‘

i L =
LM‘-'_('“(‘U'[IA—

GGA rmﬂmmam;:

VS

CAG/ T3 promoter {7 52Tl CAS9 ORF NLS Tbpl1 3’ UTR polyA(95) «w™>

"uh 4 G(/
GFAW{M‘MP?I JAAS—S3GULU

Microinjection 100 -
&
Embryo transfer

Foadd

gRNA 10 10 1 (ug/ml)
(T ~ o8
7% .---'_,..-._ ) ®
: F1

oL MO 0N

%mutated pups
(&)
o

) 4

D-F i
E;_ #1 #2 #3 #4 #5 #6 #7 #B #9
b exonl/exonZ
r: -25/-3 -1 /-50

AT : B -25/-9523 B /7

f -:.L'_, f i -w. " B Large-scale deletion B -1/3

r .._! - -
k___ T i v B e j
(Fuijii et al., Nucleic Acid Res., 2013)
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Target gene: Gdf8, Hprt, Tyr
CAS9 mRNA
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gRNA gFFLFJthAgRNA C57BL/6N

(Fuijii et al., J Reprod Develop, 2014)
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Double restriction at Hprt gene

10840bp
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I
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gRNAS
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TTTGGAAAAAGTGTTTATTCCTCATGGACTG

CAS9 mRNA
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Q0 Q0
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O 100 10 10 cas9
10+10 10+10 1+1 gRNA
(ng/mil)

(Fujii et al., Nucleic Acid Res, 2013)
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(Fuijii et al., BBRC, 2014)

(Fuijii et al., Unpubulished)
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https://www.ncbi.nlm.nih.gov/pubmed/24481528



https://www.ncbi.nlm.nih.gov/pubmed/24481528
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https://www.ncbi.nim.nih.gov/pubmed/24486104

(Niu et al., Cell, 2014)


https://www.ncbi.nlm.nih.gov/pubmed/24486104
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3364726/

(Yu et al., Cell Res., 2011)


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3364726/
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https://www.ncbi.nlm.nih.gov/pubmed/25139993

(Park et al., PNAS., 2014)
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https://www.ncbi.nlm.nih.gov/pubmed/24690881

(Kim & Kim., Nat Rev Genet., 2014)


https://www.ncbi.nlm.nih.gov/pubmed/24690881
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Cas9 nickase

RNA-guided Fokl Nuclease

enhanced-specificity variants (eSpCas9)

https://www.ncbi.nlm.nih.gov/pubmed/26628643

(Slaymaker et al., 2016., Science)


https://www.ncbi.nlm.nih.gov/pubmed/26628643
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(A) | 27 bp | Tagat2 (A) ssODN (antisense to transcription)
GGCECTEC!#GCGTGGTGGﬁGEEGTTCTGTG&GMTGGGGGGT FLAG-tag (24bp)
- 3 Target 1 L SR by
o G B oni
= e v g i =
A sl A = Target 6
' 1090 bp ' rmm greccemcmmemcmcaﬁca GGTGA
Tamet 5 i
. Target 4 e a9 22 bp
GGAQ@{:{:L’TGGGGG TGGGAGAATCCCTT - - - GATGGBCGGRAGTCTTCT %GG@GTT (B) -
- 81 bp #4  codon FLAGtag. Target 6 ,
ODETCOCCOTL J 1‘1 |'.' B TRAC fl'.n'l' (L] AT :.-t'i-:.‘ COACCCOGCAQTCCCAQCOT CO "-._J.I-'I". oA
{B} {ié Tamget 4 ‘W """"""""""""""" l
(op) WT #1 #2 #3 #4 45 #6 & o # ‘ : |
DR At el i
ugdl Wb e J \ \
1.2 } ; ba\ b ) gt I\&IISJ l.'Lil.l!l pl.]-lli”u,.rlllll ;5.' }” "l!r l'.lll'll'- 'M IIlIJI_IlUl',I\unI ll "l'ﬁl'lL i I'I_'."|
Fes ! 'u ! '
1 LG —— e
(Dl el — e 0 B R R A R -
T E e — CCGACCCECAGTCCCAGCGTCATRE
. F#1 CCCGTCATGGATTACAAGGATGACAACAATAAGCCGACCCGCAGTCCCAGCGTCGTGGE K
Transferred  Total Mutated Region Small W2 COCGTCATG CRTCRTER -17
embryo pups (%)  pups (%)  deletion (%) deletion (%) M3 COCATCATGGATTACAAGGATGACGACGATAAGCCGACCGGCAGTCOCAGCGTCATGE KI
Mitd COCGTCATGGATTACAAGGATGACGACGATAAG—————— ~CGTCGTGG KI, -17
Mit5 COCETG—————————————ee e CAECETEETEE =17
40 6 (15.0) 6 (100) 5%(83.3) 2*433.3) M#6 CCCGTCATGGATTACAAGGATGACGACGATAAGCCGACCCGCAGTCCCAGCGTCATEE K|
F#7 CCCGTCATGGATTACAAGGATGACGACGATAAGCCGACCCGCAGTCCCAGCGTCATGE K I
M#8 CCCGTCATGGAATACAAGGATGACGACGATAAG—————————————CGTCGTGG KI, —17]
F#9 CCCBTCATGGATTACAAGGATGACGACGATAAGCCGACCCGCAGTCCCAGCATCATEE K|

Mi#10 CCOCGTCATGGATTACAAGGATGACGACGATAAGCCGACCCGCAGTCCCAGCGTCGTEG KI

FLAG-ag

(Fujii et al., BBRC, 2014)
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https://www.ncbi.nlm.nih.gov/pubmed
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Fonfara et al. (2014)
Tyr-KO IL1a-SNP
AAG GAA
5 -ATGGCCATCAGAGATCTGGAAACTCCACAGAAGG-3’ ( K) ( E)

ST1-CAS9S (PAM: NNAGAA)
| 5 -ATTCTGAAGAAGAGACGGCTG-3’

e

ST1gRNA (NNAGAA)

LiC GGG ARGATTCT G GREARAGAGRC GGCT

o

AA (Fujii et al., BBRC., 2016)
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4476150/

(Takahashi et al., Sci Rep., 2015)


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4476150/
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R RCFADR B e Porers
(BP#%RaHA) Yoy

PAM \
/ CAGTCGGTGGCTCAGCTACAGGCCTGG |TGG|TACAAG
pig GGTAI ~H HI ||
Exon 1 56 7 8
(Chr.1: 293,704,917-293,629,349) 0.5kB
GV (+LMB) CAGTCGGTGGCTCAGCTACAGGCC-GGTGGTACAAGGCACATCCTGACGA -1
CAGTCGGTGGCTCAGCTACAGG===—=- TGGTACAAGGCACATCCTGACGA -5
CAGTCGGTGGCTCAGCTACAGGCC————————— AAGGCACATCCTGACGA -9

———————————————————————————————————— cCACATCCTGACGA -170,+1
(Onuma et al., J Reprod Develop., 2016)
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(Fujii W., unpublished)
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(Yang et al., Cell., 2013)

https://www.ncbi.nlm.nih.gov/pubmed/25058643

(Yang et al., Nat Protocols., 2014)
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https://www.ncbi.nlm.nih.gov/pubmed/25058643
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https://www.ncbi.nlm.nih.gov/pubmed/25894090

(Liang et al., Protein & Cell., 2015)
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