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In this study, we generated transgenic zebrafish that expresses nuclease Cas9
under control of the UAS promoter. However, guide RNA injection in transgenic embryos that express GFP
did not induce insertion or deletion mutations at the target locus.

We also developed a new method for analyzing gene function and expression using CRISPR/Cas9. We inserted
the donor vector containing a heat-shock promoter and GFP into the 5°-untranslated region of the pax2a
locus. These embryos expressed GFP at the region where endogenous pax2a expresses. We found that
homozygous transgenic embryos presented the pax2a mutant phenotype. Thus, targeted insertion of the
reporter gene at the endogenous gene is useful for analyzing gene expression and function.

CRISPR/Cas9 Gal4
-UAS



ES

TALEN
CRISPR/Cas9

TALEN CRISPR/Cas9

CRISPR/Cas9 TALEN
guide RNA (gRNA)
Cas9
TALEN  CRISPR/Cas9
2 DNA
2

DNA
DNA
DNA

Gal4-UAS
Gal4 UAS

Gal4-UAS

Gal4

CRISPR/Cas9 Gal4-UAS

CRISPR/Cas9

Q) Cas9

Cas9-mCherry
Cas9 2
1

Cas9 (Cas9-D10A )
Cas9 (Cas9-D10A/H840A )
Cas9 Cas9
Cas9 UAS

Cas9
mCherry
Cas9 mCherry 2A

Tg(UAS:Cas9-2A-mCherry)

Cas9 mCherry
Cas9
mCherry mCherry
2A Cas9

Cas9 mCherry

UAS-Cas9-polyA cmlc2
-mCherry-polyA
Tg(UAS:Cas9;
cmic2:mCherry)
(2) CRISPR/Cas9 GFP
Mcr4d

CRISPR/Cas9 Mbait

hsp70 GFP
Mbait-hs-GFP

DNA

pax2a-gRNA Mbait-gRNA Cas9 mRNA

(1) Tg(UAS:Cas9-2A-mCherry)

UAS
Cas9
UAS-Cas9-2A-mCherry

Cas9-mCherry
2A



Tg(UAS:Cas9-WT-2A-mCherry)
Tg(UAS:Cas9-D10A-2A-mCherry)
Tg(UAS:Cas9-D10A/H840A-mCherry)

mCherry
Tg(UAS:Cas9-WT-2A-mCherry)
Cas9 mRNA
Cas9 2
Gal4
Gal4 TY9(SAGFF(LF)73A)
SAGFF(LF)73A
UAS:Cas9-WT-2A-mCherry
gRNA 2
(tyrosinase) golden
-1-
(s1pr2) spns2
5 gRNA (spns2

2 ) T9(SAGFF(LF)73A)
Tg(UAS:Cas9-WT-2A-mCherry)

5 gRNAs
PCR
5
Cas9
(2) Tg(UAS:Cas9; cmlc2:mCherry)
Tg(UAS:Cas9-2A-mCherry)
Cas9 mCherry
Cas9
Cas9 mCherry
UAS:Cas9;
cmic2:mCherry cmlic2
UAS:Cas9
mCherry
UAS:Cas9; cmic2:mCherry
mCherry F1
T9(SAGFF(LF)73A) Tg(UAS:Cas9;
Uninjected tyr-gRNA inj

1. Tg(UAS:Cas9; cmic2:mCherry)

TQ(SAGFF(LF)73A) & Tg(UAS:Cas9; cmlc2:mCherr) & @)
B ahth 5B/ NTEZHEIRIC ty-gRNA A LT
N BEFEROZEIFREINGEL o/, DELNRKES
T B EFIE UAS:Cas9; cmic2:mCherry 355> T3,

cmlc2:mCherry)
tyr-gRNA
PCR
tyrosinase
Tg(UAS:Cas9;
cmlc2:mCherry) Cas9

(3) Mbat-hs:GFP  pax2a
CRISPR/Cas9

CRISPR/Cas9

target 1

transcription start
ATG

pax2a locus D—D
>

K
N

H——

.
t t 2 (Mbait] 8
S Y

donor vector Mbait-hs-GFP

+pax2a-gRNA

l +Mbait-gRNA
Forward integration ATG +Casd mRNA

§ R e 00

2. CRISPR/Cas9 Ic £ B L AR—2—BEFOHA (/v I1>)
gRNA/Cas9 |2k W4/ & R F—RY 2 —DEIiHERIC IR E % & —EDHE CHERE
FHZ JHETFI S DNA BIEIC K Y RF—Y 2—H'%/ LOEMEENEA TN,

pax2a locus

pax2a
pax2a paired-box

(MHB)

pax2a no
isthmus (noi)
MHB

pax2a 5

CRISPR/Cas9
Mbait
hsp70 GFP Mbait-hs-GFP
Mbait-hs-GFP Mbait-gRNA
pax2a-gRNA Cas9 mRNA

1 MHB
GFP
Mbait-hs-GFP
pax2a
GFP MHB
Fo
Mbait-hs-GFP

pax2a

pax2a

GFP
PCR
pax2a

DNA

Mbait-hs-GFP



(4) Tg(pax2a-hs:GFP)
gRNA Cas9 mRNA
GFP

20
1 (F1)
pax2a-hs:GFP
(transmission rate: 46/142, 32%)
F1 pax2a-hs:GFP
Tg(pax2a-hs:GFP)
Tg(pax2a-hs:GFP) MHB
GFP
GFP
Tg(pax2a-hs:GFP)
pax2a

Tg(pax2a-hs:GFP)
Tg(pax2a-hs:GFP)
Tg(pax2a-hs:GFP)

pax2a MHB
PCR
MHB

Tg(pax2a-hs:GFP)
CRISPR/Cas9

GFP

WT like no isthmus
GFP- GFP+

3. Tg(pax2a-hs:GFP)

Tg(pax2a-hs:GFP) O FI N7 BRI DN EhEH 55/ F2 I
BWTRREDFENEIT Tz ZTDFRER. $21%DBET no isthmus &
A C MHB JHR DRIFEHDERE E Nz, k& MHB ZR Y,

6
Kawahara A, Hisano Y, Ota S,
Taimatsu K. Site-specific integration
of exogenous genes using genome
editing technologies 1in zebrafish.

International dJournal of Molecular
Sciences 17, 727. 2016.
DOI: 10.3390/ijms17050727

Hisano Y, Inoue A, Taimatsu K, Ota S,
Ohga R, Kotani H, Muraki M, Aoki J,
Kawahara A. Precise in-frame
integration of exogenous DNA
mediated by CRISPR/Cas9 system in
zebrafish. Genes to cells 20, 647-658.
2015.

DOI: 10.1038/srep08841

Kotani H, Taimatsu K, Ohga R, Ota S,
Kawahara A. Efficient Multiple
Genome Modifications Induced by the
crRNAs, tractRNA and Cas9 Protein
Complex in Zebrafish. Plos one 10,
e0128319. 2015.

DOI: 10.1371/journal.pone.0128319

Ota S, Hisano Y, Ikawa Y, Kawahara A.
Multiple genome modifications by the
CRISPR/Cas9 system in zebrafish.
Genes to cells 19, 555-564. 2014.

DOI: 10.1111/gte.12154

Ota S, Kawahara A. Zebrafish: a
model vertebrate suitable for the
analysis of human genetic disorders.
Congenital anomalies 54, 8-11. 2014.

DOI: 10.1111/cga.12040

Hisano Y, Ota S, Kawahara A.
Genome editing using artificial
site-specific nucleases in zebrafish.
Development, growth &
differentiation 56, 26-33. 2014.

DOI: 10.1111/dgd.12094

9
Satoshi Ota, Kiyohito Taimatsu, Rie
Ohga, Atsuo Kawahara. Targeted
insertion of a reporter construct using
CRISPR/Cas9. 21
2015 9 19 -20

Rie Ohga, Kiyohito Taimatsu, Hirohito
Kotani, Satoshi Ota, Atsuo Kawahara.
Multiple genome modifications
induced by a ready-to-use
CRISPR/Cas9 system in zebrafish.

21 2015 9 19



-20

Satoshi Anai, Satoshi Ota, Shizuka
Ishitani, Tohru Ishitani. Spatially
restricted Rel/NF-kappaB activation
directs dorsal-ventral patterning of
the zebrafish embryo. 21

2015 9 19 -20

Kiyohito Taimatsu, Hirohito Kotani,
Rie Ohga, Satoshi Ota, Atsuo
Kawahara. Multiple genome
modifications induced by crRNAs,
tracrRNA and Cas9 protein in
zebrafish. 48

2015 6 2 -5

Satoshi Anai, Satoshi Ota, Shizuka
Ishitani, Tohru Ishitani. The
NFkappaB transcription factor Rel
fine-tunes dorsal-ventral pattern of
zebrafish early embryos. 48

2015 6 2 -5

NFkappaB c-Rel
Admp
37
2014 11
25 -27
CRISPR/Cas9
4

2014 10 6 -7

Yu Hisano, Satoshi Ota, Hitoshi

Okamoto, Atsuo Kawahara. Precise

genome-editing using CRISPR/Cas9

system. 20 2014
9 20 -21

Satoshi Anai, Satoshi Ota, Tohru
Ishitani. The NF-kappaB
transcription factor c-Rel regulates
Zebrafish dorsal-ventral patterning.

20 2014 9
20 -21

2 2 3
2015 10
p.191-199
2014 7 Vol .32 No.11
CRISPR/Cas
2014 7 p.1721-1725

@
OTA Satoshi

60553310



