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Application of CRISPR/Cas9 system for gene manipulation in mice
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We have introduced CRISPR/Cas9 system to generate genome edited mice. First,
we prepared pCAG-EGxxFP plasmid to assess gRNA cleavage efficiency. Next, we injected gRNA/Cas9
expressing plasmids into pronucleus to generate genome edited mice. Transiently expressed gRNA/Cas9
complex digests the target locus and indels destroy gene function. Finally, we generated chimeric
mice with genome-edited ES cells and analyzed gene function in mice. Our system can accelerate the
reverse genetics in mice.

ES



(T6)
(KO)

KO
2007

300 KO

KO

(ES)

KO
(KOMP; Knock-Out Mouse Project)
ES

ES

KO

(S\Ps)

non-coding RNA  small RNA

Zinc Finger Nuclease (ZFN)
Transcription Activator-Like Effector
Nuclease (TALEN)

DNA
(NHEJ; Non Homologous Endo

Joining  HDR; Homology Dependent Repair)

TALEN
LV-TG

ES (GS)

KO

( K1)
( )
4
DNA
DNA
DNA
EGFP
EGFP
2/3 2/3
EGxXxFP
1/3
EGFP
CAG EGxxFP
polyA

pCAG-EGXxFP

@ [cAclEeq neo [xFPpA| |

¥
@ [ o i)

® [cAG[EGH
© [xFP[pA]

@ [cAG]EGHR[pA]

DNA

CRISPR/Cas9

TALEN

CRISPR/Cas9
CRISPR/Cas9
RNA 20
PAM NGG
Cas9 PAM 3
4

Science

U6
RNA Chicken b-actin
hCas9
Cas9 pXx330
TALEN



RNA
NGG
20
RNA Bbsl
pX330
300~600 PCR
pCAG-EGXxFP
HEK293T
EGFP
RNA
pX330
DNA
DNA  ssODN 2
DNA  dsDNA
2 pX330 2
ES
ES 1x10"3/well 6
pX459 px330 puro
puromycin
PCR
ICR 8

CASA

computer

assisted sperm parameter analysis

DNA
gRNA
Addgene
600
gRNA
gRNA G
PAM N
CRISPR/Cas9
CRISPR/Cas9 gRNA
pXx330
PCR pCAG-EGxxFP
HEK293T
DNA
CRISPR/Cas9 ZFN  TALEN
RNA
gRNA
Bow-Tie
Web CRISPRdirect
2
100
gRNA
pXx330
Indel 10
pX330 SsODN
10% dsDNA

5%



ES

Indel
gRNA
ES
Indel
2
ES
SSODN
EGFP
ES

zygote-injection

ESC-transfection

-

ESCs

pX459

800kbp
30%

dsDNA

(+l+, -I-)

=, chimera
D)

-

af

(+1+) 1)

2

20

80

regulatory domain

ES

23
CRISPR/Cas9

54
26

catalytic domain
2

3 Ppp3ca, Ppp3ch,
Ppp3cc 2 Ppp3rl, Ppp3r2
Ppp3cc
FK506  Ciclosporin
BRC
CARD
10

Young SA, Miyata H, Satouh Y, Muto M,
Larsen MR, Aitken RJ, Baker M, lkawa M.
CRISPR/Cas9-mediated mutation revealed
cytoplasmic tail 1is dispensable for
1ZUMO1 function and male fertility.
Reproduction.2016 Dec;152(6):665-672.

DOl: 10.1530/REP-16-0150
http://ww.ncbi.nlm.nih.gov/pubmed/2
7624483

Oji A, Noda T, Fujihara Y, Miyata H, Kim
YJ, Muto M, Nozawa K, Matsumura T,
Isotani A, Ikawa M. CRISPR/Cas9 mediated
genome editing in ES cells and its
application for chimeric analysis in
mice. Sci Rep. 2016 Aug 17;6:31666.

DOI: 10.1038/srep31666.
https://www._ncbi.nlm_nih.gov/pubmed/2
7530713

Miyata H, Castaneda JM, Fujihara Y, Yu
Z, Archambeault DR, Isotani A, Kiyozumi
D, Kriseman ML, Mashiko D, Matsumura T,
Matzuk RM, Mori M, Noda T, Oji A, Okabe
M, Prunskaite-Hyyrylainen R,
Ramirez-Solis R, Satouh Y, Zhang Q,
Ikawa M, Matzuk MM. Genome engineering
uncovers 54 evolutionarily conserved
and testis-enriched genes that are not
required for male fertility in mice.Proc
Natl Acad Sci U S A. 2016 Jul
12;113(28):7704-10.
DO1:10.1073/pnas.1608458113
http://ww.ncbi.nlm.nih.gov/pubmed/2



7357688

Miyata H, Satouh Y, Mashiko D, Muto M,
Nozawa K, Shiba K, Fujihara Y, Isotani
A, Inaba K, lkawa M. Sperm calcineurin
inhibition prevents mouse fertility
with implications for male
contraceptive._Science. 2015 Oct
23;350(6259) :442-5.
DOI:10.1126/science.aad0836
http://ww.ncbi.nlm.nih.gov/pubmed/2
6429887

Young SA, Miyata H, Satouh Y, Kato H,
Nozawa K, Isotani A, Aitken RJ, Baker MA,
Ikawa M. CRISPR/Cas9-Mediated Rapid
Generation of Multiple Mouse Lines
Identified Ccdc63 as Essential for
Spermiogenesis.Int J Mol Sci. 2015 Oct
16;16(10):24732-24750.
DO1:10.3390/ijms161024732
http://ww.ncbi.nlm.nih.gov/pubmed/2
6501274

Tokuhiro K, Satouh Y, Nozawa K, Isotani
A, Fujihara Y, Hirashima Y, Matsumura H,
Takumi K, Miyano T, Okabe M, Benham AM,
Ikawa M. Calreticulin is required for
development of the cumulus oocyte
complex and female fertility.Sci
Rep. 2015 Sep21;5:14254.
DO1:10.1038/srepl4254
http://ww._ncbi.nlm.nih_gov/pubmed/26
388295

Qiu B, Shi X, Wong ET, Lim J, Bezzi M,
Low D, Zhou Q, Akincilar SC, Lakshmanan
M, Swa HL, Tham JM, Gunaratne J, Cheng
KK, Hong W, Lam KS, Ikawa M, Guccione E,
Xu A, Han W, Tergaonkar V. NUCKS Is a
Positive Transcriptional Regulator of
Insulin Signaling.Cell Rep. 2014 Jun
26;7(6):1876-86.

DO1:10.1016/j -celrep.2014.05.030
http://ww._ncbi.nlm.nih_gov/pubmed/24
931609

Young S, Baker M, Ikawa M. Genome Editing
in Mice Using CRISPR/Cas. Targeted
Genome Editing Using Site-Specific
Nucleases. Springer Japan 2014;151-166.

http://1ink.springer.com/chapter/10.1
007/978-4-431-55227-7_10

Mashiko D, Young SA, Muto M, Kato H,
Nozawa K, Ogawa M, Noda T, Kim YJ, Satouh
Y, Fujihara Y, lkawa M. Feasibility for
a large scale mouse mutagenesis by
injecting CRISPR/Cas plasmid into
zygotes._Dev Growth Differ. 2014

Jan;56(1):122-9.
DO1:10.1111/dgd-12113
http://ww._ncbi.nlm.nih_gov/pubmed/24
372541

Mashiko D, Fujihara Y, Satouh Y, Miyata
H, Isotani A, lkawa M. Generation of
mutant mice by pronuclear injection of
circular plasmid expressing Cas9 and
single guided RNA. Sci Rep.2013 Nov
27;3:3355.

DO1:10.1038/srep03355
http://ww._ncbi.nlm.nih_gov/pubmed/24
284873

5
CRISPR/Cas9 Mediated Genome
Editing and its Application for the
Study of Reproduction 20
2017.3.9 FDA Silver Spring,
USA

CRISPR/Cas9 mediated genome
editing and its application for the
study of reproduction The 4th SKLRB
Symposium on Reproductive Biology
2016.10.27 UCAS international
Conference Center Beijing, China

CRISPR/Cas-Mediated Genome
Editing in Mice and Its Application for
the Study of Reproduction SSR 2015
Annual Meeting 2015.6.21 PuertoRico
Convention Center San Juan, Puerto Rico,
USA

CRISPR/Cas
62
2014.11.12

CRISPR/Cas
36
2013.12.3

http://www_egr._biken.osaka-u.ac. jp/info
rmation/index.html

o

IKAWA, Masahito

20304066

@



®

*

ISOTANI , Ayako
20444523

FUJIHARA, Yoshitaka
70578848
MIYATA,Haruhiko
50604732

SATOUH, Yuhkoh

40545571



