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()5 B N 3G T 5 B dnd 2875 10 Fo, DL AR S
fth RNA SRR F 2 (HR Gk Se SOk v JF e
A T ol G A AR 1) SE AR PR AN T RS R, R
WFE 45 A O & 3 19 SCHR DL R AR 52 50 25 i R 7
Olpax6.1 2255, B45 T M gRNA By it #3115
afi 5 R AR A LR R RE, i R AR
MRS EE AR R S, IRl Sy T Ath £ DS 58 AR {A 1)
MER U AR S, DX SRS A Y o T & R
A Bl

1 MRS TE

1.1 B R ER

T B HAR 5 RIAFRAECI 14 h, B 10h
PG K R G, B HBMRFER R 3R, WER
JR A, Sk P A e A £ 4R AT 1 K 3% B B A 43
FE, UK H S B A (5 0 e £ SR SS TR R B . R HE
=R Ia /N MK IR G DA £ 178 A= 5 LR R B
I B R OR 2 TR G 43 B, Bl S FE 28 °C 1Y
FEYRLAS IR IG 15 97 W8 (1.00 g NaCl, 0.03 g KCI,
0.04 gCaCl,2H,0. 0.16 gMgSO, 7H,0, flA 10mL
0.01% 7 L W W FE MR A R E 2 8 1 L) db 47
BB S R RN B AR ST S B )
TEPRARE, I BRAE 56 K2R 2 B 23 e i R
A BT

1.2 gRNA HJi&it

AW 5% UL T 8 Olpax6.1 3 A (Gene ID:
100049356) 1) i B 24 6, T 4% #£ NCBI (https:/
www.ncbi.nlm.nih.gov/) I $& 1| iy 7 2 (%) L R 41 )7
5, F Snapgene # {4 (https://www.snapgene.com/)
FRiCUFo R & F R0 &, 00 T 2 il bR
i, EE gRNA B E N 1 THESE T B PR 4G
P ATG WY %, FTJF ChopChop (http://chopchop.

cbu.uib.no/) M3, K gene ID JILA Target fHEHT, B
a] P s i “Paste target™ ¥ Target HE 77 ) gene ID #&
U4 3 5 K R 2, K R TR B e 51 A2 A )
Target HE 715 o5 i In AE A58 35 7 50 4H L 19 9 o 5
TE Using fE P IEFERBR 19 RGE, AR ELHET
CRISPR/Cas9 % 4t , [N I f£ Using HE H i #%
CRISPR/Cas9; 4= #BIHE 5¢ W5 s, ifi “Find Target
Sites! 7, WITEITEMGE S BRBER, —Bix
Bt Mk & AR 4§ Efficiency Hl Off-targets 25 Hi AH W
1Y) Ranking, ISR EPETESL B G 7
Ui Ranking HEA4 #¢71 . Efficiency 2 A& Off-targets
DAL AR A IR AT, — D ESE 3
MU S AR A E . gRNA ITFSERUE, H
VO RER Y B Z A0 PCR A IS 14 (B 1),

1.3 {k5MNE AL gRNA F1 Cas9 mRNA

gRNA MG H 3 MG41AL gRNA 1Y scaf-
fold &% (5' GTTTTAGAGCTAGAAATAGCAAG
TTAAAATAAGGCTAGTCCGTTATCAACT-
TGAAAAAGTGGCACCGAGTCGGTGCT 3') #fT
NTA B GER AR AR ) IR iEA
pMDI19-T # K (TaKaRa, D102A) & i, pMD19-
gRNA scaffold Jii %7 % Fi o Fl gRNA [ L ii#51 9
(T7 J3 3 7+ 47 45 5'-3" 2% F NGG 1) N20 4 B
FHitscaffold 5umaB ¥4, WHEALE R 5" tgeetggt-
ggaatceggeag-CGG 3', NI gRNA L5 918 gRNA-
F: 5' TGTAATACGACTCACTATAGGtgcctggtggaat-
ccggcagGTTTTAGAGCTAGAAAT 3') (FRIZk K
T7 Ja sh TIP3 AR liEE 5 149 (gRNA-R: 5" AAA
AGCACCGACTCGGTGCC 3 ') Lk pMDI19-gRNA
scaffold ki AR HEATY 3G . RRWIRR . 25 uL
2x Phanta Max Master Mix (Vazyme, P515-01), 2.5
pL gRNA-F + gRNA-R (10 umol/L), 2.5 uL pMDI19-
gRNA scaffold ik (1 ng/uL), #MFEXNFE/KZE 50 uL,

0 20 161 bp 1 2 2a 34 4a 7 §10 12 13
— H——H——0— i g
“I I O i i chr.3
"""""""" Esa
- T -
g5

1 Olpax6.1 gRNA X405 ¥89i% 3+
BOITENRERGISNE T, BOETERRIERDIIET, LOFKME RNA KIME, LEO=FRARENIIY.
Fig. 1 Design of Olpax6.1 gRNA and detection primers

Black boxes represent coding exons, white boxes represent non-coding exons, the red arrow represents the position of gRNA, the red triangles represent

detection primer.
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I 8 . P& 95 °C 3 min; 95 °C
30s, 58°C30s, 72°C10s, 28 MEH; 72 °C
5min, 4°C oo, PCR™“HIHEATBUIEHHEEI ik e
H E.Z.N.A. Gel Extraction Kit (OMEGA, D2500-
02) [k, HJ5 A 15 uL RNase-free /Kiwff,
NanoDrop 2000 (ThermoFisher) il &2 ¥ J& 155 FH -

Cas9 mRNA HEAR 9 #] & S CMV-T7
() 51 45 A4 3 A pT3TS-nCas9n JFi ki > Ff Cas9 fY
ik E pCMV-zCas9 B, FIH Xba 1 (NEB,
#R0145V) ¥ 10 pg 1Y pCMV-zCas9 Jii ki #1728 M
fb, JNiR R K pCMV-zCas9 10 pg, Cutsmart 2§
MW 10 pL, Xba 1 4 pL, #MFEAZEIKE 100 pL,
37°CH#E 5 h, MBEUI™ ¥ 306 b B8 B i Uk 5
E.ZN.A. Gel Extraction Kit (OMEGA, D2500-02)
m, FEINA 15 uL RNase-free /K% f#, F Nano-
Drop 2000 (ThermoFisher) | & ¥ J& 5 f .

I 4E 5 4hAt RNA H TranscripAid T7
High Yield Kit (ThermoFisher, #K0441) %} gRNA
BRI TR S 3RS gRNA, RBIA R : gRNA
Btz 1 ug, ATP/CTP/GTP/UTP #% 1 pL, 5xTran-
scriptAid Reaction Buffer 2 pL, TranscriptAid
Enzyme Mix 1 pL, #p 7% RNase-free 7K £ 10 L,
REWs.

H mMESSAGE mMACHINE T7 Transcription
Kit (Invitrogen, AM1344) X} Cas9 mRNA A1
i 34)A% Cas9 mRNA, [N AKFR : 2xNTP/CAP 10

AR BB
stereomicroscope

R
nitrogen bottle

v

BRES RS

microinjection system

uL, 10xReaction buffer 2 pL, Cas9 mRNA £ 4z
1 ug, T7 Enzyme Mix 2 uL, #h 7t RNase-free 7K £
20 uL, RAEHE,

AP AR R BRI SE R, A 37 °C KR
BrPIEE 4h, WME UG, B uL HRIE Y
PEAT 30 W U e v R A I A SR R o B R A
1 uL DNase | AR T, WAHES), 37°CHF
B 15min, ZJ5, MRMAAEZRFMA 30 uL 7.5
mol/L A9 LiCl & 1 30 uL RNase-free 7K, RA
5], 20 °CULEL K. AW T 4°C, 12 000
t/min & 0> 20 min, 3 FEW . AE A 1 mL
75% £, B¢ (DEPC /K fic il ) B 1F Vi€, T 4 °C,
12 000 r/min .0 10 min J5 5 FiEW; HE 1K,
W K43F BSR4, MA 20 uL RNase-free /K%
fife, WU 1 uL e SRR P W R AT R W O F A
JE b7 o0 %% . gRNA 43251 B 250 ng/uL; Cas9
mRNA 336 B B0 1 .500~2 500 ng, ARV
F 4L, —80°C KIIMELE.

1.4 ERHCES

08 AR S 2 e AR T R S RN S
R4 (Narishige, PC-100, & 2) %f4Mz 1.00
mm, P12 0.58 mm AYBEEE A4S (Sutter, BF100-58-
10) EATHEH AR R S 4. PLEHURE T R Lvil:
86.0, Lv2: 52.6, H iz 5, HESEHH
SERUG, ERLE IR (VRS , JSZ8) axiiE T,
A 5

micromanipulator

NATWIPSER

acrilic pipette holder

AL

miropipette puller

2 ERUEHRIERS

Fig. 2 Microinjection operating system
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HB TR R Al m £ JE T Wi BT b 2 (] 3-2). 1
T A A A . T JC R KL 1.5% R BEREHE
TP R S 2 31 & 50~60 °C, B A 90 mm 1537
L Ik o B B A AR L (1] 3-b, ), TRE
R [ fS B3 RS EL B AT (7 3-d).
[ A EL A LB 3 A . AR R R Sk
(Eppendorf, E270452J) ¥4 24k i >4 300~500 ng/pL
[} Cas9 mRNA., Z¥K J& ok 30~50 ng/uL ) gRNA
DAL LA TE A 0.1% HIBR LT IESHE AWM AEH &
Wit 5 A A A (] 52 7 8 B R R 2 1 W 5 g e+
air (B2) o i — B b M A 10 %) B Al 1
et A £2 A T S IRC AT AR B, 15~30 min J5 R
FELEME AT FL RGO, A A IR iR
BRI IR LA . FE R A T B 7K 2

Al

unbroken

=
broken

MAEN G By 22k es, I IR 7 B )
JR IG5 A% 2 S MR v, FE R U 2.5 <AL BT
TR A B R, R BT S RS (Warner,
PL-100A, [&2) JEJy, BHESNEATN 0.2~0.3's,
AU AT A 70 kPa, SEA 815~ 20 kPa,
FHEVE BMERESR (B 2) i HE o m,
A SR AE RS A b i R OG , ORHTRAS VR A )
O IR R 1 M b RS o8 UG TR R 85 57 W
R e G, JFE T 28 °CHE LB A8 P B 5%
1.5 RTALL AR

BESF R MR R SR 25 4 K, REHLIEE 8
ARG, B3R ARV 53 0 B HRCERAS R i 1) 2 PR 2
DNA, S Jivk: WCRAIRNG, A 50 uL 50
mmol/L i) NaOH & ¥ , 95 °C §# & 4t #£ 30 min,

B3 BHHhERCEHTSEANS&
(a) VRS 5 R BEIRE e, B 100 s (b) 2 Bk SR TAASE AL (O UL I () S A A MV RSEEL A R RLIET s (d) BrO R R A ) 5 ) 2
PR T4

Fig. 3 Preparation of needle and mold for microinjection of O. latipes

(a) comparison of broken and unbroken injection needles, scale bar: 100 um; (b) side view of microinjection groove mold; (c) top view of microinjection

groove mold; (d) preparation of microinjection groove using agarose gel.
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B, B 10 uL 0.5 mol/L 4 Tris-HC1 ¥
WIRE) . AR 4] DNA A, FAG I 5] 9 %t
gRNA # i 17 PCRY" 4. 5144 DF: 5’ TTT
GCTCATTGATACTGTTGTGGGT3, DR: 5 ATG
TCATGCCTTTGTTGCCC 3', ¥ M4k Z N 2 uL #l
$EE A4 DNA, 5 uL 2xNG PCR MasterMix (HLin-
gene, NGO01S), 0.5 pL DF+DR (10 pmol/L), 2.5
ul XZEK . P48 414~ 95 °C 3 min; 95 °C 30s,
60 °C 30s, 72°C30s, 35 ¥ ; 72 °C 5 min,
4 °C co, P"#4J5 M| T7 Endonuclease 1 (T7E1,
Vazyme, EN3030-01) X} PCR 7= i 17 it ) 46 )
SAFEDL, SCHE AR B S uL PCR =¥ 1E 95 °C
PCR Y ZEPE 5 min J5 PRI, 76 = R A Tk
B 10 min, fHH M 95°C B @R M. M8k
Jo B PCR =4 A 4 uL BZE 7K, 1 pL 10xT7
Endonuclease I Reaction Buffer L f 0.1 uL T7
Endonuclease I, JR2JJ5 37 °C#%F 30 min., W H
SERUE , BEDI YR T B R R A L kA,
HExRHZ %4, W PCR FBARALE, RZNE
AR, 2 MR PCR =Yt 00)Y (4
TAEY TR LR ABRAR), A SR
PRALUEE Ry 5EA% o AGr ) 56 18 I oA 2% 728 1 () ik TR
B IR 2 Fy mlifh,

3
— — "::"'\ P

B RS

BFARQ
¥ wild typed?

wild type ¢

Lagspic)

l wild type

~ -
Ligacpi]
wild type

heterozygote
4 BHASFREEMIFEDE

Fig. 4 Screening process of O. latipes homozygotes
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W Fo W f0 5 0 A 700 0 JEF AR e, B ML Bk 2k
FACE R 8 A WA HEAT 2 AR R, K A5 BR ) |
FTik o A 578 W K B i AR iR 5 2 R £
BN Fio BY F) B8, 200k 2 Al 10 ML 42 3 R 41
DNA, F|fH PCR Fl T7E1 B U)XFH#EAL 5 R AT 5878
S, #ARA, NP PCR =¥)i%#: pMDI8-
T #{k (TaKaRa, DI102A) JE4T ¥ sg BN . ARG
M55, WA AIAHE Y Fy A fa kT 2238 It
KB IZAMIG TR E S, B F,, 4if T3
AR B T e R AN 4 B, BY F, a2 i il 4
fift kMR FL N 41 DNA, FIFH PCR Al T7E1 i 1) %F
PN AT AR R S5, LR PCR iU =4 v
ME 5N A G RAR, # h— 41 N
SER ARG R A, T iE—2B Kok
RAGABARMG G oA, He 1 1L fm
B — 2571 () PCR =9y ol A BY 24 B ) PCR 724,
FEH T7EL MUI S8, BRARMEGERS Bk ™" 4k 2 5%
G 0] 537 a7/ VU S E IR "Sa AL % NI S 7 B SR
AN, B R TTEL B 00 0 o 2l A 28 28 IR 1Y
PCR F= Wy A 70 7 LAG 2 B2 9 F 510, DT

/N IR E
g@é\%gﬂlﬁ/\o

SATES Cas9 mRNA AL R 5F gRNA
microinject the Cas9 mRNA and gene specific gRNA

i3 PCR A TTE1 B UVRLITE S5 IR IR ) R AL 150
detect the mutation in post-injected embryos
by PCR and T7E1 digestion

ik PCR Al T7E1 BV F, A2
RUARTZ MR SR AL L

detect the mutation in the embryos of
F;xWT by PCR and T7E1 digestion

AR 2 & TIHE A 2
screen heterozygotes with the same mutation
and cross them

J@i PCR FI T7EL B D)L 40451
~ screen homozygotes by PCR and T7E1 digestion

aigT

homozygote
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2 4k

2.1 gRNA 5 Cas9 mRNA {KIh& R RIZE R

i# 1+ PCR M\ pMD19-gRNA scaffold i ki H 4~
WK T gRNA BB (18] 5-a), BARalifl )5 1T
RSN SRR RS gRNA iS5 gRNA BRESY) (K] 5-b),
FIH DNase T XHRAWHIF4ifLIE, R8T 4
B — H G A B PR gRNA (B 5-¢). # pCMV-
zCas9 ORI EE VI G , MR UK B AT DL HY R 4 50
2YI9F, K/NA 8029 bp (K] 5-d), #E— 4K HAE
SRR AT RSN 5 o X EU ORI F 1 H Tk
(&l 5-d), %5k S i vk B R 2 2571 (] 5-e),
PR B4 N BRI, /N 5541 Cas9
mRNA. [AFER, FIH DNase T X H k47 4b# I
4fifb 357153 T Cas9 mRNA, HLIKJF 0 B B 448 5
I 25 K/NEEAS— B (8] 5-0),

22 BMIARICERR ERUESTHIME

e U Y i e ORI B2 AR kIR
WAL Bl , IR M B ERRSE (K 6-
a), BURRE IR EE WA B RS T LA AR 1Y
RSP AT IS (8] 6-b)o TEMSENS, BRLLAER T

1 2 1

200 bp

200 bp —>

(d)

(b)

Y1 B g PR 4 R T A O, AT D (1 6-¢).
2.3 AL HYAE

WA ST 4 d 5 IR R IGEE R 41 DNA, Jf
X gRNA B A 5 5 Betb AT 448, #3845 2 /Y
PCR =¥ F| ] T7E1 4T HEYI, 4558 B PCR =
Ve % i T7E1 U1 E1 T 5w Fh RN AS 6] 0 Fr B
(#l 7). #F—2 0 PCR =Wl 7 25 R s, 7E48
V7 55 BFF ST B X0 (] 7), X Ui T gRNA Al
Cas9 mRNA (5 80 T 8L B P51 1 58728

24 F,AETHIRE

Fi AT R T L0k Fy it 7R 21 BHhA 12
B PCR =W g o TTE1 U0, Ui Wi b g 2
HF 1.4, 5.6, 8.9, 10, 11, 14, 16, 18
F21)0 B A R BE VI () PCR 7= 4 i A7 A 7Y
#) PCR =¥ 5 #6475 T7TE1 B4, 45 R BN A 3 2
4 1) PCR =) e W6 o TTE1 UI%], I X L4k
KA F (7. 17 F120), HARARYUIIH R B AE
ANME (2. 3. 12, 13, 15 F1 19) (& 8-a), #—4
() PCR 7= 4 P UESE T 7. 17 1 20 a5 1,
WA 3] T ali G R MR e G TRy
AU pax6 52748 F A, HIRE L B A TEE (K 8-b),

3 1 4
o l
(©

8 7 9
5kb
3kb
)

(e)

5 RNA HRIR R RINE R
(a) PCR §" 4 /) gRNA; (b) 7R 4ME 3R J5 1) gRNA; (c) 4lifkJ5 1) gRNA; (d) Zk 1L 11 pCMV-zCas9; () Cas9 {41 % 3¢ J5 (1) mRNA;  (f) Cas9
mRNA 4645 AL . 1. DL100 marker, 2. 4734 (¥ gRNA, 3. ¥ 3% )5 ) gRNA, 4. 20465 ) gRNA, 5.1 kb marker, 6. &AL ¥ pCMV-
zCas9, 7.DL500 marker, 8. Cas9 &S5 )5 ) mRNA, 9. 46461 Cas9 mRNA.

Fig.5 Template and in vitro transcription of gRNA

(a) amplified gRNA template; (b) in vitro transcripted gRNA; (c) purified gRNA; (d) linearized pCMV-zCas9 vector; (e) in vitro transcripted Cas9
mRNA/DNA mixture; (f) purified Cas9 mRNA. 1. DL100 marker, 2. amplified gRNA, 3. transcripted gRNA, 4. purified gRNA, 5. 1 kb marker, 6. lin-
earized pPCMV-zCas9, 7. DL500 marker, 8. transcripted Cas9 mRNA, 9. purified Cas9 mRNA.
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(b)

El6 BT RIES

(a) VESTATs () HHH: (o) HEHTE.

Fig. 6 Microinjection of medaka embryo

(a) before injection; (b) during injection; (c) after injection.

M 1 2 3 4 5 6 7 8 C

-T7E1

+T7E1

| E———

BGGCGTGTTTGTTAATGGAA T AAAT,

&1 o0
SoBrdBTaBTAATCOAHAE parard@ucrrocrdl s = B
260 270 280 290 -

B 7 =TSR
M. marker; 1~83E5THIMEG; CHFAERIMERG . 78I 5 9 0 e o,
W ITHERR D gRNA (781, B ETERR I PAM T4, 206405 HE
FORFAEMTH), L EOHET kA 7 E S A E

Fig.7 Detection of mutation sites

M. marker; 1-8. injected embryos; C. wild-type embryos. In the sequen-
cing waveform, the gRNA sequence is marked by the blue box, the PAM
sequence is highlighted by yellow color, red boxes represents mutated

sequences, and the red arrow points to overlapping peaks.
3 g

A Wy S TR 9 A8 AR ) ) A BUF 5 R DR D g
WEEFBZ—, AUTRTEMRR T 7 b 5K
AR B . ARBESEH, egRNA it £ 27
ChopChop M 3 i 17, L4k 4 CCtop (https:/
cctop.cos.uni-heidelberg.de:8043/), CRISPOR (http://
crispor.tefor.net/) LA Cas-OFFinder (http://www.rge-
nome.net/cas-offinder/) & — Z 51 gRNA & 11 ™ i A]
BEVEFER, CCTop i M4 3 01 P i 5 1Y 2 80
4 AT I LLR B gRNA HFRA s, AR PR E 1Y

[ K P2 2% 2: 3275 sponsored by China Society of Fisheries

E AR AL A 0 VR A O AL, ARl s A ot
A7 13, VG i 3] f19 o 422 30 B4 /0 B 7 4 MR AR R B4 43 O
M HEATHERE Y, CRISPOR W3ty AT LA fid 40 3
B TARCRSEL. CG Frast, Huh i) i
TRV ANt 000 3 32 v i 2L 7 32 O L AR A 4857 o5
H1) {4 2% i 5k (] ®7 . Cas-OFFinder 7] B 7% & FT
7 () PAM J7 371 50RO O A B, X 22 0 2 1A
2 TR VA AL R A T PR A R P R A AT
MRIEAFFT B %855 18 1) 7 iR 3T gRNA 1T,

BT 58 K gRNA, S50 DL A gRNA scaf-
fold WY BRI AAIAR , JE GBS T7 J8 3+ Lt
510 RE 0 WS | 6 SR A T4 1, 3R
gRNA RN SRR, R T7 A S &
e ARAT T gRNA. FEHABSF 5T il T vl i i
B T Jash 1. ¥07 8 LA K scaffold B I35
YRR U519 R KO Il gRNA ARS8 S g A5
M, PR RSN S &7 AR A5 gRNAPY,

TE ARSI, AR T 300~500 ng/pl
f) Cas9 mRNA . 30~50 ng/uL ) gRNA 1 5k i
1 HABWISE T, 4 Kato-Unoki 255 76 75 i v (1 7%
S} B 24 100 ng/uL f Cas9 mRNA F1 25 ng/pL ()
gRNA . Gay "™ 7R ifr (13 SR 24 100 ng/pl
#Y Cas9 mRNA FI 25 ng/uL A sgRNA., Meneghetti
SO AR B T A P ) B VR B A 400 ng/ul B Cas9
mRNA 1 50 ng/uL i gRNA, [FIFERES | A Pk
FE A 5EAE o AT S Cas9 mRNA 7]
Cas9 & R, 7 BE D fa b 14 Cas9 2 Al
gRNA H. T 8} Cas9 mRNA Fl gRNA JIf 5132 i 548
R R 25 5 T BB J& gRNA/Cas9 & 1R
WL BN E R IR R A T S 8. YA
gRNA/Cas9 mRNA A}, Cas9 mRNA 2401 5% F 6 i
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Fig. 8 Screening and phenotype analysis of F, homozygous

(a) screening process of homozygous F,. M. marker; 1-21. different individuals; C. wild type. Black numbers represent heterozygotes, red numbers rep-
resent non-heterozygotes, red numbers highlighted in blue represent homozygotes; (b) comparing the sequencing waveform and phenotype between wild-
type and homozygotes, where the gRNA sequence is marked by blue box, the PAM sequence is highlighted by yellow color, the red box represents the

mutated sequence, and the white arrow points to the location of the eye malformation development. Scale bar: 200 um.
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Establishment of Japanese medaka (Oryzias latipes) mutants based on
CRISPR/Cas9 system

PAN Qihua >, LUKe? LUO Junzhi®, JIANG Yuewen?, XIA Bilin?,
CHEN Lei', WANG Mengyang ', DAIRonggui', CHEN Tiansheng "*'

(1. Key Laboratory of Healthy Mariculture for the East China Sea,
Ministry of Agriculture and Rural Affairs, Engineering Research Center of the Modern Technology for Eel Industry,
Fisheries College of Jimei University, Xiamen 361021, China;
2. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: Medaka (Oryzias latipes) is one of the model organisms for studying gene function, organogenesis, and
development mechanism. Although editing technology has been widely used in medaka, there was no detailed
report on the use of CRISPR/Cas9 to establish O. latipes mutant. To thoroughly describe the establishment pro-
cess of O. latipes mutant, this study takes the knockout of Olpax6.1 as an example. Firstly, the gRNA target of
Olpax 6.1 gene was designed using the ChopChop website; secondly, the template for in vitro transcription of
gRNA and Cas9 mRNA were obtained by PCR and plasmid digestion respectively, and gRNA and Cas9 mRNA
were synthesized by in vitro transcription; thirdly, the mixture of Cas9 mRNA and gRNA was microinjected into
medaka embryos to obtain the mutated F; finally, we used PCR, T7 Endonuclease I digestion and Sanger sequen-
cing to screen the offspring of the cross between F( and wild type to obtain F; with the same mutation type, and
then crossed the same mutated F; and screened their offspring to obtain Olpax6.1 knockout homozygous mutant,
which displays the classic phenotype of ocular developmental malformations. Taken together, this study provides

technical guidance for the generation of mutants in O. latipes and other fish.
Key words: Oryzias latipes; Cas9; mutant; gene editing technology
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