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Abstract

The CRISPR/Cas9 system is a powerful genome editing tool for generating knockout mice. To
generate mutant mice, single guide RNA (sgRNA) for tyrosinase was transcribed iz vitro with
template Oligo DNA and a mixture of either one or two sgRNAs and Cas9 mRNA were microin-
jected into the fertilized eggs of C57BL/6] (black hairs and eyes). To determine whether tyrosi-
nase gene is successfully knocked out, their phenotype (black hairs/eyes or albino) was observed.
In this study, to investigate whether knockout efficiency can be increased by microinjection of two
sgRNAs, either one or two sgRNAs were microinjected. Results indicated that when one sgRNA
was microinjected, albino mice were obtained at relatively low efficiency (3/16, 19% or 13/23,
65%) ; however, the efficiency was increased by microinjecting two sgRNAs (24/26 92.9%). In
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conclusion, we demonstrate here that knockout mice at FO can be obtained by microinjection of

two sgRNA and Cas9 mRNA at high efficiency.
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N, BARFSERE £ 0 AR S B F2ERE T 12 - C57BL/6] R D F 1 ¥ F — i@ T O 2 i % i
TEM L7z GKREES : 45 a-1-2735 7). HIEE%Y & L 72 sgRNA %, CRISPR - Cas9 - gRNA 7

A >V — ) @® CHOP CHOP Harvard (http://chopchop.
N N NN . cbu.uib.no), F 7z1x CRISPRdirect (https:/crispr.dbcls.
NIRRT - REMBORME & UHARHE ip) WV CRRET L 72, SEEIECY] & & A 72 sgRNA (42
2RI 2 BRI B 720 2R 2kt B 2 F130bp) 2 T7 7UE—F —DLEETE5 L9112

o7z BB 1 EATIC, C57BL/6] M~ 4 T DNA (gBlocks, IDT 1) =) & L CTALMIC
A (3-6 7 H) Hi¥ AR O L 245 T3 %, HL (K1), invitro #5102 % > T sgRNA 1 B8 L U
HTF ¥:38 (7 —27 - ) v — A% A1) <604 H sgRNA 2 # 4% L7z, Cas9 mRNA (X, Cas9 mRNA %
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Exon 1 2 3 4
- HE
U

ATGTTCTTGGCTGTTTTGTATTGCCTTCTGTGGAGTTTCCAGATCTCTGATGGCCATTTTCCT
CGAGCCTGTGect{ CCTCTAAGAACTTGTTGGCAAAAGAATGCTGCCCACCATGGATGGGTG

ATGGGAGTCCCTGCGGCCAGCTTTCAGGCAGAGGTTCCTGCCAGGATATCCTTCTGTCCAG
TGCACCATCTGGACCTCAGTTcec| CTTCAAAGGGGTGGATGACC|GTGAGTCCTGGCCCTCT
GTGTTTTATAATAGGACCTGCCAGTGCTCAGGCAACTTCATGGGTTTCAACTGCGGAAAC.....

B

T7 promoter
gRNA 15 Hfi GCGGCCTCTAATACGACTCACTATAGGG TGCCAACAAGTTCTTAGAGG

gBlocksD2 %  GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGG
(130bp)  CACCGAGTCGGTGCTTTTTT

T7 promoter

gRNA2& A GCGGCCTCTAATACGACTCACTATAGGG [GGTCATCCACCCCTTTGAAG
gBlocksD2 R GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGC
(130bp)  ACCGAGTCGGTGCTTTTTT

1. FuyF—E#EETEEMNIZL 7 sgRNA B & U gBlocks D#%Fl. A) F0 ¥ J— %JETKT‘I7 vl
DM ¥ % KT, sgRNA % 1, PAM Y| %2 /NLFT/RY. B) sgRNA 2 K9 2 72D 120 H %
gBlocks M4 (130 bp) @ DNA Fixl. 5° FKunfll 2> & Buffer Sequence (125 bp DL ELEE L 22 B gBlocks %
BT B 72D BELRES]), T7 70E—4 — (KF), sgRNA FZ#kECH] (FH:), sgRNA scaffold A%l (F
HRECH) %ﬂ??‘.
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HWVIERA L7720 DI Cas9 @ mRNA (100 ng/ul) %
RAL, 85 4-5 EB%O 1 HBHIROMIE I IZ~ A
ryaA Y xryar L. HTF BT 18 ik
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MBS~ NS L, 209 b 72 3 2 % (BifiR~
7 ANIIEREHE L 72, sgRNA1 F 7213 sgRNA2 % 1 ~
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RL, ZOEEGRITKBICLHESI NS (F1, KM2).
F 72, sgRNA1 (30 ngiul) *~¥A 2704 T a
YL7eZ A, VIS5IE (6.7%) 37 VY ) DFERIHE
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BlEsN T, B sgRNAZRAGT 52 L TEREY
S Ed 5 2 EAURIBEE N,

F/2, TILVE )T RIZONWT, Y ADRAED?S
fi L7247 & DNA % i\ CREMEE % & &5 %
PCR THEL, ERIKEIZTH A XfEREZ L2 2
% (K3A), BAER (WT) O~ ZADOHIFEY (438
bp) &£V A XD/ S WIEIREY) I O SEREY
(Mouse#1, 3,5, 7,9, 12, 14, 15, 21, 26, 27) 7515
7, WEIEEY 2S5 T (Mouse#18), 1 J —
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512, H—O¥IEEW»IHEONI Y AT, ¥

1. CRISPR/Cas9 ¥ A7 L2k B 7V E /) C57BL/6] = 7 A DR,

2 M~
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s [ ; ) il Hizk WA~ 2D
fry=rvayRNA 7Ly EELE wmm <vam B (L %)
Tyr-gRNA 1 (15 ng/ul) 92 89 72 16 B (FARD (1,6%)
Cas9 mRNA (100 ng/ul) EHA 21 (12, 75%)

i (ZZRAD) (3,19%)
Tyr-gRNA 2 (15 ng/ul) 85 75 72 20 B (FAER) (2,10%)
Cas9 mRNA (100 ng/ul) WA 7 (5, 25%)

i (ZERAD (13, 65%)
Tyr-gRNA 1 (15 ng/ul) 97 91 72 28 B (BFER) (0,0%)

Tyr-gRNA 2 (15 ng/ul)
Cas9 mRNA (100 ng/pl)

EHPA Y (2, 7%)
P (58 (26, 93%)

'HREOBLHBOFBLFEOMEK DL TOROOEBLTHOGOESHIUIEY M 7 LHE L7,
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sgRNA 1 (15 ng/pl)
sgRNA 2 (15 ng/pl)
Cas9 mRNA (100 ng/ul)

X 2. CRISPR/Cas9 ¥ A7 A2 & A7 )VE /7 C57BL/6] ¥ 7 ADFEH. A) sgRNA 1 (15 ng/ul) B £ U Cas9
mRNA (100 ng/ul) ¥4 2704 v 272 a I2EDEENZTIVE ¥ A, B) sgRNA 2 (15 ng/ul) 3
L0 Cas9 mRNA (100 ng/ul) ~A 2704 Vs a il hfBEoh/lz7vE /v A C) sgRNA1 (15
ng/u), sgRNA2 (15ng/ul) B L Cas9mRNA (100ng/pl) ¥~ A 27 0Af V7 a 2k VEshizTv
/xR KREHNWEFOYF—XEETO/ v 77 MIEY L7z~ A% 7"F. D) CRISPR/Cas9 ¥ AT
DX VIERE N2 A 2~ A E) CRISPR/Cas9 ¥ AT AZ KX W IEHEN/Az7 v vy A (El: 2

s, E2: 4 8i).

AV7 by =2 T AN & ) ERH E R L2 2
%, 2 i1k (Mouse#2, #11) 2B\ CTIEZE R AFEE
XNz ([3B), o7 IVE )<Y 2I2BWTIidd
MO — s PEroTnWAhD, F0YF—YEEF
WCEBRDPA->TWDZ L IITERTE 72, 5EMll 2k
TEHIEAT IZARTHE T - 72 (14 3B, i Mouse#20).
F 72, sgRNA1 OiZAkACY & sgRNA 2 O REREALS D [H
1Z 130 bp T& % 7%, Mouse #7, 14, 15, 27 (12 B W T
130bp D RIENHER SN TEBY (KM3A), 2D
sgRNA 22 2 &, I/ v o7 bv
AE/FOENTVWLDOTIE LW EEZLNS.

TNE BEROMERE3MAKR L2 A, &TOH
ff (88 JE, 9/9L, 11/11JE) H7 VK /) OEHE %
~L, /w777 LERETIERIMRO$_T T
BaEN.

% =
KWFZEIZE Y, ¥—7y MEETERILCCT 2 21

D sgRNA %52 T, WFEMIZFORE/ v 7
TN T AREDL T LI L7z 1D sgRNA
EHWT v o 7o NaEAAES, €O sgRNA Y
PRET A EANC R Y 5 B H, 2 fED sgRNA
EHWT /v 77w MERARIEE, 210 sgRNA
FNFNDREHT AEHNCBWTRIBIEIY S 5L
&b, 2D sgRNA O FEFFLHI O M AKIE L Tw
LT EDREENS. F72, 15D sgRNA DiEE% 2
I L COERMFIM EL W &2 5, sgRNA
DWREPFEND S TIE R sgRNA D 2T TH 5728
WCERGES L L2 ERRBEENS, 2O
sgRNA # H]\22 2 & C, #FE L FOHALTH-TD
W7 LIVOENEETZ /v 7277 b5 2 & RE
Tho7z.

ZFN %° TALEN 3/ 20 ¥ 2 x2 & 77 O 4 51 30~40
T CH LS % B33 5 @ 12xF L, CRISPR/Cas9
VAT AT 20EEXLETORBRE R L0, B
MYECH] & BN L 72 s3Iyl s L £ 9
FT7E =y NAIRPRHEE W 30 Eo
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M 1234 56 789 1112131415 M M 16 17 18 19 2021 22 23 24 25 26 27 28WTWT M
EIEEIEEEEIEEI?";EIEIEIEEI EIEIEIEEIEEIEEIEIEIEI??,%%

sgRNA 1 sgRNA 2

Wild Type CGAGCCTGTGCCT CCTCTAAGAACTTGTTGGCA|AAAGAATGCT

GACCTCAGTTCCC|CTTCAAAGGGGTGGATGACC GTGAGTCCTG

Mouse #2 CGAGCCTGTGCCT|CCTCTAAGAACTTGTTGGCAIAAAGAATGCT GAC--------------- = GGGGTGGATGACC|GTGAGTCCTG

Mouse #11 CGAGCCTGTGCCT CCTCTAAGAACTTGTTGGCA|AAAGAATGCT

[

Wild Type

Mouse #20

GACCTCAGTTCCC|CTgaaCAAAGGGGTGGATGACC|GTGAGTCCTG

TR

YR etk
i | LA o
LAY TR R T A T e BRVS

Wyl _::!

X3. A) sgRNA1, sgRNA2B XU Cas9mRNA #~ A 270 vV xrary iz AOBENEY % &L

PCR MIEEY) OESIKE). B) ¥4 L7 b — 27 L2 A2 X 2 B O TR

PAM 251 (k7).

sgRNA OERELY] (HHe), FARSY CNCF) 2R3 C) 4L o by —2 2y 212 X BRI Ofif

Wk 2.

sgRNA Z il A LT, Zomo7Tary v 7
I2& D) 205N 5720, sgRNA O CREGRELY
DEFREMEE B2 Z 213 T & 2\ PAM (protospacer
adjacent motif) F2%ITH % NGG &3 < Lo 13 3k
VEDSee—8d 54 7% —7 v MNRVIDSIN S hse
TV EnLY, FOEPL A GEBELT)
sgRNA # A TA 2202 ar3hIDEFEL
W, ZOREEELBIEORE TR, TRt 72
T 75—y MMEM 382 AT 3 EFT O A (0.7%)
THT7 7=y MR Oz E ) s 51,
¥ 72, CRISPR/Cas9 ¥ A7 A % ffi~ 7 iPSHfa D7/
LIREIZBWTY, 75 =7y NI D ho7z
CEARENTVRY, LALGHES, &BETOFTH —
Ty NIRRT RET A I LI LWT L
5, KRWIETIZF 75 —7 v MEIRIZOWTOFMZ
FRAT AT D % 2o 72
CRISPR/Cas9 ¥ A7 A # A5 2 & T, #EETWL
B AHDHNE ) v oA v ARERT A LS
TAHETHLIELHEENTVEYY, T 4bb, 2
¥5 90 12 sgRNA, F + —DNA (X 27 ¥ —), Cas9
mRNA 5\ X Cas9 ¥ v 37 e~ A 704~
23aryhHIET, Iy oAy ARERT A
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LM EETH S, CRISPR/Cas9 v AT L&l wiz &
574 LEMBATRICLY, #EETHEYTA, /v oA
YRIA, BHWEArT4arV S v s TN
7 ADNE e ELABIFES LS.

AWFZE CTld, 2 FE D sgRNA % ] \» 72 CRISPR/Cas
VATFLEA YTV v art A LT, FoOHMAIS
BOWTRHHRWIZAE ) v 2T by ARERS A0
eSS RENT. F72, KE/ v 2T LA,
FIEOWFEEDS D % dfnFICB L CTld, 170 sgRNA
/2 CRISPR/Cas VAT LA v 27 ard
5ZET, FORTATFO /v s 7y by A%k
HWL7ZDHIZ F1 I COMNT AT RETH 5.

B E

RIFFEIL, BHKY B FIEHEOIIEL 2T T
TSNz, RWFFECHERH LA vV sy ar=—
FVOE#ICIE, BT (BHRFERFRES
S ZeRHI AR B AL 1Rt L CTH 2w f 7 1
Xy b 75— Wiz, N3 AT AHE -
e R— bt & — BWERIEMH OB - EE T
PR TH 2 HpIE gz (FRHRS:, FEAEEs, TS
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