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Following completion of the genome sequences of amphibians, gene targeting
techniques have become increasingly important for the further development of amphibian research in
the life sciences. Recent advances in genome editing using the CRISPR-Cas system now allow for
reverse genetics in the amphibians, Xenopus laevis, Xenopus tropicalis, and Pleurodeles waltl. In
order to refine these amphibians as model animals for life science research, we tried to develop a
highly efficient and rapid workflow for gene knock-out, gene knock-in, conditional knock-out, and
safe harbor transgenic systems.



B X C—19, F—19—1, Z—19, CK—19 (Fm)

1. WFFERRA L PO &
ANLXZ L7 —%¥THh D TALEN <X
CRISPR/Cas v A7 L., 7/ AfmEEHr D
FLEy 72— & LT, Knock-out (KO)<°
Knock-in (KD723Z 1V E CAAREE S TX
TFIEETNVEMZETHERL LTS, 7/ A
MEFMITAEMEZICB N TRTE A LY
7 Neble b LIcEiiERHO—>THY | FE
BREh W) FrEIR O e b T AMBI 2R o &
BORERIFEN T 720 505 5,
MARRIL, &< D OHlaAY e - RBAELEY
e WoOese « ARPRpRE . R A FIZE K
EE L CEEREMTH DL, FRICT T
U # A H )V (Xenopus laevis) lZfAE NE
5T, R - E2E855 LR TXD
e, EMFIZBOWTEEHA NSO TE T,
LU s, B oO#HRELS (ZFER
), BUERICE28EBTEERHD Z &
Mo, E - FBEFOFEEZRND Z LR
LW, £D7®, gfFBIFHITFELZHND
BARAEMF O BN TV EIEE O
RN, EOFEEAMM D XL FFEIZERIND
F v # A A J =)V (Xenopus tropicalis) &
WO TN EAIN TS, 77U YA
o LN EENRy A LB, ZfF
KCH /) a7ay=r bBR%ET LTS, H
AKERNTIZTFaI AL FY V—2TF 1
v =7 F(NBRP)DOAEREENDDH 5 3,
) AREETFLE LTZMEA N T T U —
BlgOEBNNL, YATZ VA 2=T 412
TR —RBFZEE OB AR E IR WBLR
BHD, BRKTIE, 7/ LREEZ A A A B
FTFU—E L Rx A AV AT E AN
ToHRFE. FRICIR BT T UAERLS RS WG
ENTEY, ZOFFETIEARIIBIT DY A
Hxnz i AEAmE i ks <|mY
BINDERERD B,
EWHARAZEBEOREWAEBHTHLA
~ Y7~ A %V (Pleurodeles waltDlIfiE
DR THY ., RN LEREL, TV
e LTCORLENRE D, AT, 7 LR
EREFRPRN TRV 2=y VI kB EET
WEBMIERNR S NOIEFITE IR TH
D, ZHUE, BEBIREINS ~6 M E K<,
IR NINE AT — D CERNEAN (T
VAV 2= 7) SNBIEDTHDH, DED .,
WA 7KV Founder ZfEfR+ 22 &
NARETH D, T bOEMZEREEITS
LREFHMEZH W WBLREEZITH L TK
XAV N THY, EFE. KRERATEEMZ
M- Fii-eEewT 1 8 LTHEEINT
W5,
2. WO HBY
WIEDERBMZICBIT DB FULEY
BRI A NFFV—F, TV AV =)
LT MRED ZHOTH D, MAKEHIZENT

X, AH X7 L7 —7F ISce- I oK+ HE 15
LD P T AV =R VAR ERTHD, L
MULRRL, ZOHEITHMAIND a2 —K
R A EDOAEEZRRETERN, M T,
MLER R KV SOREIR 728 F1 LI (29
AV T hRZTHEORENZHD D,
FDH, <7 AD Rosa26 ~DIf ki n+
AR 9 %, [Safe harbor system] 7234
BThDH, MAT, RAEBSIZKRS L H7E
@ KO 2ix, R Fr A7 KO
lconditional KO system] 23MEE 725,
IS OOV AT AE, WEEFENA T
TV WA B O W AR BV T
HMEARFRTH L0, RIEMESL ST
VY, ATFSERRE TR, PRI Z = L BRE
LTW5, F£9. @M OLE LIS kE
BFOFRBENAIRR N T VATV 2=y 78
#7 (Safe harbor system). ¥ X' Cre/loxP
(2 & % Conditional KO system DBi%% H
B9, TNHDEMREHNT, Ry F AR
HTNEeARXYT NFAEY OETIVEWY
ELTORBELAOEENEZRET H72DD
WMFRA ST T O—%MESLT D,

3. WDk

(DSafe harbor system ®EAFE (85K « KFEPE
AETAHY | JRER A BEUR)
WF2E X £ & & I Microhomology mediated
end-joining (MMEJ) % V7= Knock-in £ TC
& %5 . PITCh (Precise Integration into
Target Chromosome) {EZBIF L#HEL T3
(Nakade et al., Nature Communications, in
press), Z DFIEITERA I AT IS ATEE
ThHY ., MHEFEEZITET LRV, @R
KI 5 Cd 2, PITCh iExHWT, v 7 AD
Rosa26 2t h D AAVs locus & Al U “good
locus” |2, A REET %2 ZERME L THA
4% [Safe harbor system| ZH#EE4 5, I
2T, v ARk hTH safe harbor & LT
HEHET 5 Roas26 site DALY 1 7 & WA ¥E
WIFFEL TS, Znb0H A FEHNT
Multi-integrase/recombinase |2 X % 4f3ci&
o + o N - BEH & TEE & T 5
Recombinase-mediated cassette exchange
(RMCE) 24T 9 7=, 285 loxP, attP < FRT
sites ZHRLAIAA TS scaffold cassette %
PITCh EIC & ¥ Knock-in 9% (K1), Z®d
cassette (21X, g-crystallin promoter (Z
Enhanced Blue Fluorescent Protein (EBFP)
PEfELCRBE, RoFaEte~——¢
LTRIZ IV —=v T %475, oz
Founder (FO) & A7 U —=1 7% Ye%iFHE
IR S/ S,

@Conditional KO system DBE% (5K - K
FREAE T AHEY L IRE R R BEUR)



ALY EP IR BT T VEMEE LY
A, R GEE) 127 VT 4 INREBTO
conditional KO 1%, =T /LE#IcBWCTHAE
DARNTTV—=Th5D, LDLRENBL, ¥
UYa NI RAED T —EHOAEY
FIZIROoNTEY, —KIICREREED W
Cre/loxP ZHWIEY 2T ARHWLA T
o ZOVAT AT, ERMEERO NI
loxP(Flox) Zf AT 572, loxP & AT
cassette DIERJFEIE~OHMEIMELZIZ L S
Knock—in N METH D, AFRETIL, LVl
fB72 WE] /v 7 A4 E2HNT, FvZAY
AHZNVERARYT RFAEVIZEBNT
Cre/loxP Z V7= Flox Conditional KO &
TADEANEHEET,

4. WFFEEk R

ok 2 7 AREE

VX, 7 MREEE AW mEROE
S (Vw7 T b T Ar) HifF
7'v b a—VOWESLEIT O T2, KEx 2R TR
FUEORFTCY = ) XA TIEORR %
To7-, TTHOIC, BEAKICET ZEE
T &%/ vy 7T U NTAHILITED
CRISPR-Cas9 ¥ A F ADE M EMEt LT,

KREMET B IO T7T o F YV ary—rxzy
AT WY = ) B A B T ORER,

Cas9 mRNA BEONZ U XV EA vV g
NZED L FO (CHHEAR) EARICE VT, A
FZE BLRAN 95% LA b &) | IERICE Wil s
T EE AT L7z, Cas9 mRNA & TN gRNA
B O Fi L, BREANGESA T X —T
NMENTIEZ RRE L, 4 (FO) IRIC X 2 fifi {
MOBMRRBIRF/ v/ TV 7o b=
—VEMESL LTz, RIS, Xy FAV ATV
WBTD ) v A4 HiFORBEIT- 2,

k2 RGO F T, v~ A 7 rfRERr Y —
B RS AE MED Z#FH L2, v 7 A v
ERR Y BAV AT VICTBWTHEY TH
D ENRBI NI, 2T, CRISPR-Cas9
ERF—RIT B =R FA VATV
FEINMEA L, AR EBE T X cDNA %
FEHER T X DA > b il ME] 2L T
) oI AT HEREITo -, EREEA~D
YEBEARLELTF cDNA D v 7 A VRV x ) &
AL VR L, 2 b ORIz
L ClItEpch =8, kitR&2 55 FETH 5,

Tk 2 8 4EJE

I EAYATZADH ) AREDEE [
EEXEB7-0I12, VareF o b Cas9 ¥
NRIEE sgRNAZ YRR 7 LF RE LU0 E
(RNP) &1 (LLF Cas9/sgRNA RNP) & LT
AT DEMITOVWTHRET LTz, Burger &
(2016) ASFEBRICFH - Buffer #HRRIZHS
UWTC Cas9/sgRNA RNP 2w Z A Y A T )L
SZRINCEAT D & MEAiZICaEN4AE L,
EWHBELEORTRER SN, 2T
Buffer fikZ# £ 2 CTHALL & Z A, EFE%S
ERFIEWVWEFIC, YETR/ v IT T RR

BRAmBRTELNTL, TORMETT, &
~ B AR (3R G UK BB R T 4 FE KL OIR

B &t o
% sgRNA % ‘ ?\
EEET %w
VA3 kil M
LT, BETORICBWTEREBE ALIRN 98%
P L. PTICIEEAR T VLB TE R,
M REzEEVDEB LA 7 aRER Y —
A RmES ME]) Z2FRIA L, v 7 A v

VERL L BE %
w? ,_"'
(AT =V
DFEVY . 100%ZR Y 72 < EWEF & F o 72 {#
EEHAWCT, /v 7 A 27 Cas9/sgRNA

% A'% ﬁ 15 % slc45a2

EA LGS

B EFR

DIFIERT

AENEL RLNZWTLE IR, K1) M
Bonr, kKR —r7 2o —2HNWTT
Y a BT T ol 2 A, B RE D
KRN EEER SNz, 2Oy L7 o b=
—)LIL., Cas9mRNA Z W= ftskn 7 ko —
NEHLTH, EFICEDIETH D, KIT,
RNP A S F D% E

L7z, loxP El¥ % & ‘

vk MERERE T

cDNA (Flox—gene X
cDNA) ¥k L 7 v
ar~v—nh—& LT,
JUYAZY S aE
— X =T XY R
& R ERBLY
HaAANTIT N
VY E AN
A AT NOVERI R, BIFE, PR
L7 FO k8 Eon-(x2), 4S%id4Anm
M RIGELE F1 OEHEZ BT, 4
T RFAEVICE LTS, CRISPR Z# HW =7
J DREDERARDGEL LT, BELTIHK
Blats/ v 74T HHEBELREELKD
D, B LUWARBIRFRBLY AT L O~
Z—H T TIT/ER L TWD,

ok 2 9 4REE

AR RE DO RAEFETH DTk 2 9 FE
X, & MNERBBER T ERFFORy XAV AT
JVOLERIE A XY T AV IZBITS
BRI LA 2w VAT ADORER
R EREIT LI, £9. MEFEEICE Xk
EARYT WALV DYT ) LREDRE
mEEEA7-012, Var e b CasY #
URITE L sgRNABZVRX T LF RE L RD
B RNP) AR E L TEATHEMEICONT
a7z, iRy —27 2o —2HNWTT
VT a T EAT oI I A, L RE D
Lz, ETORIZB W TERE AZIRN 98%
T A T ARR IS E SR S iz, BRI,
77 v A — R F0) I\ CHGE R B R T
RERERRAT AN AT REZR & A T A & [ Fl CHESL &



BRI,

WIT., & NREETF LY X HTx)LOfERT 4
720, Xy HA AV AT NLVOBMLET X HEKIZ
PEBAREME N X BT cDNADJ w7 A
21T, FO KON F1 EADEH 2R A7,
CRISPR-Cas & NF—~_7 X —ZWAMIEA L,
PCRICEBV = ) ZA L TDH%, /) w74

VIRTYT 47 FO
8 A 2 e Bk
. F1 R DE
HEfro7-, B
5HAL7- FL A
wIizHo>WTY =
) BA T E
1To=0. K+

— X7 2 — DR~ v 7 A TR
T&E 7ot FOKa~D /) v 7 A4 13
T /) AATICEVHERINTNWD 52
BT 5 &, ZOMBIIEHERII~D ) v 7 A
VIRNERMENWZ L AR L TWD, Atk FE
WD x ) ZATRYST 47 FO EIE S MER

RS, FLEEROER 25 EHE1T-> T <,

F72. AXVT A EY D safe harbor
site DRIEIZHKI L, D site ~D K F—
RIBZ—=D ) T AN LTZ(X3), U

K —

T EHMETREL THILT

BY, BRI AT 2= I VAT AR
WD EWNSLo T, %X FL OEHEATV,
HFERIN DI 2R T D TETH D,

5. LAREMIE
(RIEREH | BFIE 5y I R DS 2E 4 |

X THR)

CHERETR

1.

) GF 1) T
*Suzuki K, Sakane Y, Suzuki M,
Yamamoto T: A simple knock-in

system for Xenopus via
microhomology—mediated end
joining repair. Methods 1in

Molecular Biology, in press.
Sakane Y, Iida M, Hasebe T, Fujii
S, Buchholz DR, Ishizuya—-Oka A,
Yamamoto T, *Suzuki K: Functional
analysis of thyroid hormone
receptor beta in Xenopus
tropicalis founders using
CRISPR-Cas. Biology Open, 7(1):
doi: 10.1242/bio. 030338, 2018.
Matsushita M, Ochiai H, Suzuki K,
Hayashi S, Yamamoto T, Awazu A,
Sakamoto N: Dynamic changes in the
interchromosomal interaction of
early histone gene loci during
early development of sea urchin.

Journal of Cell Science,
130(24) :4097-4107, 2017.
Satoh A, Mitogawa K, Saito N,

Suzuki M, Suzuki K, Ochi H,

10.

11.

Makanae A: Reactivation of larval
keratin  gene (krt62. L) in
blastema epithelium during
Xenopus froglet 1imb regeneration.
Developmental Biology,
432(2) :265-272, 2017.

Mori J, Sanoh S, Kashiwagi K,
Hanada H, Shigeta M, Suzuki K,
Yamamoto T, Kotake Y, Sugihara K,
Kitamura S, Kashiwagi A, Ohta S:
Developmental changes in
drug-metabolizing enzyme
expression during metamorphosis
of Xenopus tropicalis. The
Journal of Toxicological Sciences,
42 (5) :605-613, 2017.

Sakane Y, *Suzuki K, Yamamoto T:

A Simple

Loss—of-Function Analysis in

Protocol for

Xenopus  tropicalis founders
using the CRISPR-Cas System.
Methods in Molecular Biology,
1630:189-203, 2017.

*Suzuki K, Suzuki M, Shigeta M,
Joshua FD, Mawaribuchi M,
Takahashi M, Yamamoto T, Taira M,
Fukui  A: Clustered Xenopus
keratin genes: A genomic,
transcriptomic, and proteomic
analysis. Developmental Biology,
426 (2) :384-392, 2017.

Shigeta M, Sakane Y, Iida M,
Suzuki M, Kashiwagi K, Kashiwagi
A, Fujii S, Yamamoto K, *Suzuki K:
Rapid and efficient analysis of
gene function using CRISPR-Cas9
in Xenopus tropicalis founders.
Genes to Cells, 21(7): 755-771,
2016.

Takemoto A, Miyamoto T, Simono F,
Kurogi N, Shirae—Kurabayashi M,
Awazu A, Suzuki K, Yamamoto T,
Sakamoto N: Cilia play a role in
breaking left-right symmetry of
the sea urchin embryo. Genes to
Cells, 21(6): 568-578, 2016.
Suzuki M, Takagi C, Miura S,
Sakane Y, Sakuma T, Sakamoto N,
Endo T, Kamei Y, Kimura H,
Yamamoto T, Ueno N, *Suzuki K: In
vivo tracking dynamics of histone
H3 lysine 9 acetylation in Xenopus
laevis tail regeneration. Genes
to Cells, 21(4): 358-369, 2016.
Sakuma T, Nakade S, Sakane Y,
Suzuki K, Yamamoto T:
MMEJ-assisted gene knock—in using
TALENs and CRISPR-Cas9 with the
PITCH systems. Nature Protocols,



1

11(1): 118-133, 2016.

(F=%ER) Gt 3#F)

BARE — Ry FA VAT B
57 SR 2 9 4R NBRP
X B AV AN TS S
(201843 H 1 H)
BARE — Ry FA VAT B
57 SR 2 8 4L NBRP
Ry HAAY AT VN EES
(201743 A 2 H)
BARE — Ry FA VAT B
iéﬁ/Aﬁ%iﬁﬁ27Emep
sy A A AT T LR A

(2016£E:3ﬁ11 H)

[IEJGFS#)

. BARB— WAETOYF ) AfFEE, TA1]
Amm&/Am%MM$$ﬁ)w8m&

2016, F I

2. EMHEAM, SAE - AR
LFREEICI T D RGEN-RFLP 5% V72
H{E CEMAREY = /) XA Tk
~MultiNA OVE M-, Application Note

No. 37, HiE#UERT, 2016

3. HE T BAB— . WAEEOLHE
DF I ER LV Ol AR
TREEE B DR 556 785 35 ¢

pl146-153, 2016

(P 36 U PE A )
OiEiRdL Gt o)

YN
FEHE
MR E
FH¥H -
HG
HFEEA A -
EPNSk DR -

OBfsikPt Gt o)

YN
FEHE
MR E
FH¥H -
HG
JiygEX ey S =
ENS DRI -

(D)
TR L AR

6. WFFEALHR
(D) TR FTE
5K B — (SUZUKI KEN-ICHI)

JRE R« REBZHZIER - FrTHEER

FgesE2& 5 : 90363043

(2) WFFE 533
( )

RETT

(3) L HENFFEH
o FIE (Hayashi Toshinori)

SEURSE « RS - HEEGR
RER S - 60580925

(4) W FE b 103
( )



