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CRISPR-Cas13d % MAS# oyr EERIZHNAR

FEAT, A, BAZ, B F, REF, REET, BXE

(1. R WKFEHAY B M E RSN E  mE EH 3610215 2. F£E K2 SBETHAR L AR HF 3B TR
FEHRD AR JET 3610215 3. HEIFEKE ROV AR A ERAR I K (IR A T SE 0 = Al T 3610215 4. fEHPRk
MR K2R 1 BRI 430070)

# . CRISPR-Cas13d 2K 138 crRNA £ 3454 4 ] RNA IR , FHHAZAAZ 152 N U0 BT 1 S B v 1)
F L oh RNA 7K 35 PR R s SR A SE DR A g A 3 . AR 9% 38 15 8§ (Oryzias latipes ) % 05T i1 Ak
Cas13d 3L 5 , R IF A% 3635 R G ali AR5 4r Tt 0y 115 ku Y T4 Cas13d F . F—25 38 5 il
SRR NE S () Cas13d mRNA 580 7] i S PR HEEE A (1yr) B crRNA K A9 3 A5 IR NG, RIS F H Cas13d
B H/crRNA MR 36 11 (RNP) R 0EAT AT 5286 . qRT-PCR K /0 26 W, Wi ik 126 07 244 RE 0 25 P A1
H RGN or BE R RNA ZKF(P<0.01) , H BRI 7 E SE R0 4% DNA JFFIR R A 5878 o ABFEAE B rh
BSUE T Cas13d ZR 4038 1 RNA 2 i 52 R 35 R 1R 9 A 0 S5 05 S L AN ASA 40 288 35 R R R I B o s T
H AL T RNA YR 1Y Cas 1 3d PR 7 55 FE IR 028 T R BEE T BB IERI.

FKHEI : F i ; CRISPR-Cas13d; yr; 214K ; RNA Sk

hESES: S917.4 XHERARE: A

CRISPR (Clustered thaliana) ™ B 306 T 96 % 4E M 9% B (Turnip

regularly interspaced

short palindromic repeat) J2& 45 4l & DNA H 4 UL i
— B EmAFI, S5 900 0 A
CRISPR-Cas9 Z 4tif iz 7] 5 RNA (gRNA) I H
F5 DNA P51, - Y1 #| XUk DNA, 5] & DNA 8%
B, SEILFE P @R R A BB A S A
(0 K A MEAE 27, Cas13 £ 4838 3 7] 5 RNA
(crRNA) 51| H A% RNA JF41 , Y1 #] 55 RNA , 52
PR RNA (1) 5 % 58 2 8, A5 0 L PR 4 DNA
Cas13 R4 3AE T I RNA S [ §E 7 ] i bk
PAE B ODEITE PR R R 2w Re ) A
LAV FEE TP URSERIT S E A R
G A5 AT 101 te

5 Cas9 Ml [t , Cas13 7£ RNA 7K-F [ 0] FH H R
P IR . Cas13 RAE A/ LA, H
Tz N TR B N FRA B A s
BRI 2 2h W) b B I FHBIF IS4 /0 12224 P B A
PIaE R oOTIE 2 W5 N B FE LRI ST (Arabidopsis

s B HE: 2024-11-07 & E B H: 2025-05-19

mosaic virus, TuMV) [ & il 5 & 4% wF 55 A
TR Cas13 RGAEMHEL KA S48 55530 S5
X B AL % 7% (Turnip mosaic virus, TMV) |
F3 77 7K i PR 2% %% 4 9% 7% (Southern rice black-
streaked dwarf virus, SRBSDV) . 7K 5 2% 80 4L M-
# (Rice stripe mosaic virus, RSMV) | T 4% 2 Y Jii
# (Potato virus Y ,PVY ) AU 3"

A7 FEFE M A R NS H s B 8
K5 KA AN Al AR T (X — A7l A
AT I 5 9 255 450 D B 2B 4 v ™ i . A
Bi7 16 A W (N 25 Wy B 36 A= 28 ) 550 0 4 g 1 g
S5 ) B AR o 2 R B < 24 B B AU = KR
FHEER B 22 G RN AN B R
PO BRI b PR i 7 8 22— e B P G
FORM AL G B R EORBA R 0% = i
P, IR PR AL TR IR . Casl3 R4
FEUA W T I8 RNA B REVE, PRt 38 3o 44 2 4 ]
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RNA J% 75 ) CRISPR-Cas13 %% 3 [ £ 3 £, o] L)
SEPLXT RNA 5 B P 278 5k n] DL SE AR =
S H AN 8 v H

H i (Oryzias latipes) B FH 77 5% , 5 JH 1
i, 5 WA T B AT A B M B r B R, — i
B IR TE 20~30 405 i WY R, T W€ 31 e
A BB R B R AR IR WG IR iR 28 it
9~10 d 1] HH 32 4% B HE 00 A B /N 005 e K P o
BE Y OAE Y USSR . BT R IS
BN AL R A P T R DR 9 A DA R i v R
ey BB AR

i tyr (Tyrosinase , i 24 i itf ) 3t [N 75 S
KA R SR, L) RE i B nT S SR
ORI ARG B or FERAE N FR, L
BGUF Cas13 RS0 MY SER IR o 2t i 4
Cas13d mRNA/crRNA & & ¥ Fl Cas13d & [1/
crRNA & 5 YW 077 =X, 1Al Cas13d RG0xT 75 i
PR yr JE R IR R4, S ST BT Cas13 R4
1 RINA S5 [R] 4 B A A 22 B L S S0 414

1 MRS IE

1.1 BHskiR

T i Hd-rR i £ 10 5 T 48 38 R 5000 %K
TEHR RS R 28 °C A WA K 14 hoG IR
FI10 hikEE, 2K IR AE R IR B FR S P s R &2
L C AN ¥ S A SR EEE =E SN ah LY (i
SHER T % -
1.2 Cas13d mRNA F gyr crRNA I & X

MGk H Ruminococcus sp 1 Y Cas13d 2 Sk
1% %41 (3xHA-Cas13d-NLS, 2 889 bp)''", & Ii 7
f 2% B9 fw 4 #4177 A fk , JF B GenScript
Biotech 2y Fl & A UKL pcDNA3.1Zeo+ ¢322d ([
la). fHH Mfe | XF#ARSEATZ M AL, Il 2t fk
J&i VB M BT, I 4 ] mMESSAGE mMACHINE
T7 1557 & (Invitrogen, 3¢ [E ) XF ik 17 1R S5 5
% % Cas13d mRNA. ffi  tyr-crRNA-F/tyr-
crRNA-R 5[ (% 1) PCR ¥ #4 & A crRNA A4,
Jf i F TranscriptAid T7 & 5= % 3¢ ik 7 &
(Thermo Fisher Scientific, &[] ) FE AN 453
crRNA. R4 F o vr J& K 09 40 81 F 90 , oyr
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crRNA H 45 ¥ 51l B 5-GGTAGGGGGTCAAGA
ACTCCTGGA-3', 4% f& SC R [46] 1y J7 ¥ 4l fk
Cas13d mRNA Fll fyr crRNA'*',
1.3 BBHRUES Cas13d mRNA &4t

# tyr crRNA (30 ng/uL) | Cas13d mRNA
(300 ng/uL) F10.1% By 1 (TR A 90 1 5t 5] P2 K
U & H O A B B IR iR R X i 4l i g
Cas13d mRNA. 1 4 5 (9 IR i 76 IR i 35 57 3
(1.00 g NaCl, 0.16 g MgSO,*7H,0, 0.04 g CaCl,*
2H,0,0.03 g KC1, 10 mL 0.1 g/L . B 2 % %5 9k
ERZE L), 9 A LEICA W55 (Leica,
) AR . R HCA 2 RLIE IR RNA, I ff
PrimeScript™ RT reagent Kit (Perfect Real Time)
71 & (TaKaRa, H 4% ) RNA 2% 5% 4 cDNA.
JirA ¢DNA 1}y PCR # 4z , Jf-{fi F tyr-qPCR-F/
tyr-qPCR-R (£ 1) & W 2519 B-actin-F/B-actin-R
(£ DY R HAR R B, 27158 4 95 °C 3 min,
95 °C 305,60 °C 305,72 °C 30 5,72 °C 5 min, 3k
35, X PCR =it A i e . Bl DAAS 4
T B IR cCDNA 9 10 A5 3 B W A 1S M A 47 552
I E 1 UV (QRT-PCR) , A PO SE A gy 1 25
KK, W AR & A SYBR Green Master Mix
25 uL, 1F [ 51 % (10 pmol/L) 1 uL, JZ [ 51 4
(10 pmol/L) 1 pL,cDNA 4z 2 pL,ddH,0 21 pL.
RT3 R AEWE R . qRT-PCR [ 58 A%
Jei XSRS IEAT L 1R 35 R R DA 05 35 AL 1 0 e o
O3 AR N REA Y CTAA , T34 B ARIE K A AR
Xt 2k (RQAH) , i H GraphPad Prism 8 {4 %}
EECS FEA AT TR, HL B P 508 - b A 740
AT, de 4 i 22 S R R Bk i AR T
1.4 pET28a(+)-Cas13d EAFRAHIHE

FH51%) Cas13dF/Cas13dR2 PCR "1 Cas13d
F B (2889 bp) (£ 1), ffi FH EcoR T Fl Xho 1
(NEB, £ [# ) i 1) pET28a(+) #8458 5 335 bp B %k
4, Cas13d A B AT pET28a(+) A B2 1% Bt

WG I P K A 8 A [ A, R P [ 05 o 20 )

& (Vazyme, 1 [E) F 4735 825 71k, Pk o v
W 7% 11 Cas13d I INTE S ¥ ckF/ckR (3% 1) i 47
PCR %7 , 7 PP TR



6 M VFHIR %5 . CRISPR-Cas13d 2248 T BT 6 1yr 2 [H 268 BT 5 1195

%=1 Tyr crRNA IS E, qRT-PCR.pET28a(+)-Cas13d EZA i & B 5N 5] 45 51
Tab.1 Primer sequences of synthesis of zyr crRNA, qRT-PCR and assay of pET28a(+)-Cas13d recombinant plasmid

5|44 ¥ Primer name

5141751 (5'-3") Primer sequences(5'-3")

tyr-ctRNA-F

tyr-ctRNA-R

tyr-qPCR-F
tyr-qPCR-R
p-actin-F
p-actin-R
Cas13dF
Cas13dR
ck-F

ck-R

CCTCGAGTAATACGACTCACTATAGGGC
TACTACACTGGTGCGAATTTGCACTAG

GGTACCTCCAGGAGTTCTTGACCCCCTA
CCGTTTTAGACTAGTGCAAATTCGCAC

CCTCCTGTCCAACAAGGCTC
GTGGCTGCCTCTCTCCAAAG

TATCATTCGCCTGAAACCGAT
CTTTGCACATGCCAGATCCG

AATGGGTCGCGGATCCATGTACCCTTACGATGTGCCAG
GGTGGTGGTGGTGGTGCTCGAGCTTTTTCTTTTTAGCCTGTCCGGC

GAGACTGAGGAAATGCGTGGAG
GCTTTGTTAGCAGCCGGATCTCA

1.5 Casl3dEBFRiE4

¥ pET28a (+) -Cas13d JFi ki % A F ik fig £
BL21 (DE3) 4l B , 7 50 ug/mL F A} % % (Kana)
(TR 85 3% o P B M B e B 7R £ 3 mL
LB(Kana) K532 3, £ 37 °C, 200 r/min $F22% %
TEEFR 12 he KOG, DL 1% BY B8 00 4 e B
# 1 mL & K AIREE &K (50 pg/mL) Hi M A9 LB 1
Ferh JFE 37 °CHRAF T 15 3% 2 WK OD,, fH 4 0.5~
0.8, FfJEIA 0.5 mmol/L 5P 3-4-d-HifCFEFL
WEH (IPTG) 155 4 ho HUAE O B T0E S,
P R LR MR (5 ) SRRV AL 14 BC LLTR
A, 100 °CHIK I 10 min il B H KRR S B0
5 min, BU b3 W& 2E 1T 12.5% 58 74 5 Ik i 58 I
SDS-PAGE (iRt , H [ ) HL Uk 43 25 40 T 2 1 $ B
Yo UK RHEZ DRk e EAN
FEEO . MR R, LR — 2R
Cas13d #H 1 7E37°C 2h,6 h 18 °C .22 °C .25 °C
Hi55 20 h 5 N IR EEN . BE— 2Lk AT
P G B S K 2 1 VRO S A K T
Hi #% #% { (Bio-Rad, % [# ) , 7€ 18 V T HL ¥
25 min. /)BT His-Tag mAb 47 14 (Abclonal,
AE003,1:2 500)fE A —Hi7E4 °C T E % .
FH TBST(0.1% Tween 20)i%4E 3 i , FUR i 4
L (HRP) 45 & 1 1L £ 40/ BRET A (Abclonal,
AS003,1:10 000)/E R —HIEZER FIHFE R 1 h,
i J& H TBST ¥ % 3 K J& , il A Clarity Max
Western ECL JIE 4 (Bio-Rad, #1705061, 3£ [H ) , If
TEAL 22 ROGHEE IR 115 3 4t (Epacoins , EPC-E650,
HED T BRI

Cas13d 25 H FH 400 mL B Wk JH 47 KRk,
PRARTTIE ] S mL SR 2% wiilk (PBS) H & )5 , 78
VK H R A 24, 7E 10 000 t/min §5 3 B 0
10 min, f &5 & % v % (20 mmol/L NaH,PO,-
2H,0, 500 mmol/L NaCl, 10 mmol/L Imidazole,
1 mmol/L DTT,pH 7.4)#% 0.5 g/5 mL 19 L& 5 &
DUVE T , 1 M 75 I8 20 M 64X (HUXT, P ) 78
PR v R 2 A VR AT AR () R 30%, T
3s; KM 3s), LFFLE 30 min, W% T A 2L R
W TE 4 °C . 8 000 r/min [543 T 2.0 10 min, Y
B WM UL UE o ¥ Casl3d B W5 Ni
Sepharose 6 Fast Flow (Cytiva, 3¢ [# ) 7£ 4 °C T &
G, I S ARRFRAY 1 94 2% I (20 mmol/L
NaH,PO,*2H,0, 500 mmol/L NaCl,pH 7.4)¥ti% ., J&
300 mmol/L 14 WK 14 (%) 1 11 2% #f (20 mmol/L
NaH,PO,:2H,0, 500 mmol/L NaCl, 300 mmol/L
Imidazole , pH 7.4) 1 500 mmol/L f%) K 1% f1%) 1% i
2% wh ¥k (20 mmol/L NaH,PO, - 2H,0, 500 mmol/
L NaCl, 500 mmol/L Imidazole,pH 7.4) /it . ¥k
JI 4 ) B B 28 LS TR AR I AR 80 °CR
fEg
1.6 BHFSH Cas13dEHERS

F ik f5 1Y Cas13d 25 A% T°1% 1 mmol/L
DTT i PBS Hr, I I i it 436 B2 1 (KATAO,
K5600C, H1[E) & w1, SEde 4 Cas13d
1 (300 ng/uL) . fyr crRNA (30 ng/pL) 1 0.1%
W3 21 A TR A, X IR 1 5 Cas13d & (IR B
IR B .
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PN

34 %

2 4%

2.1 Cas13d mRNA % TS or mRNA
AL B pcDNA3.1Zeo+ ¢322d i 55
Cas13d mRNA , 3 F TranscriptAid T7 & 7= 5% 5418
) G AN 5 tyr crRNA (8] 1a) o 15 A% e
G (mRNA) A 46 A AFIE 1T A AR BK (n=
0/46, 18 1b) , 525 4H (mRNA/crRNA ) (1) 60 £ T
ARG A 19 /4> HR B 2B (5 2% 10 B AR A (n=19/

’-WT7 [ RspCasi3d: 2889 >— -
Cas13d mRNA
\ N=0/46

RspCasl13d mRNA | RspCas13d > /

T7 DR tyrsgRNA
b D
o

(a) Cas13d mRNAAII tyr crRNAFIKRINE AL
Synthesis of Cas13d mRNA and #yr ctRNA in vitro

Tyr sgRNA

60, & 1b) , il i qQRT-PCR 5 32 46 il 1) 52 56 21 v
tyr mRNA 5 B REAR (18] e, P<0.01) o [A]EF, %f
DU S 3 2H F6E IR 2H cDNA i #5 bz, tyr-qPCR-F/
tyr-qPCR-R N5 | ¥ 3 i) PCR PPy kA7 5 ,
J7 25 R A T — 3, R R IR AT 4 (1K 1d)
Wl B BOIR A 2B 0 3R B 2K Y 2 mRNA Rk K-
() B AIC 17 9E DNA €48 . (A i, Cas13d mRNA/
cRNA 7] LA &0 T 475 8% ryr mRNA

‘ " Caslad mkﬂ:
. N=19/60 - .
’3‘- \ 4
\ : :

R -
gy | \'
3 1000 pm

. .
T —

(b) X HELL RSB0 AR IR A B

Phenotypes of control and experimental embryos

<Z‘: tyr
— 2
25 ma
R I e T
g“slo-
E g . _
2.9
v 2
g5
52 o
“'E %YV X Y’ ‘ttgt ttottg
. \af
~
& o
SO
N 3
Q;"’ ’\\1%\
(@] o

(c) tyr mRNARYHIXS ik
Relative expression of fyr mRNA

taccttcagcaagcccageagatctggeagtggetece WT

“TTGTCCAGGAGTTCTTGACCCCCTACCTTCAGCAAGCCCAGCAGATCTGGCAGTGGCTCC Casl3d mRNA+crRNA

hsdl.m.unumuuu.mhn.hnh.mlmu

(d) SEBGHPCR =40 5

Sequencing of PCR products of experimental groups

CMV. BB TEEE 37; T7. T7 Ja8h T ; DR, HIEEERFH,JE T Cas13 REEH ) crRNA 535 **. P<0. 01,

CMV. Cytomegalovirus promoter; T7. T7 promoter; DR. direct repeat sequence, belongs to crRNA component of Casl3 system; **. P<

0.01.

El1 Cas13d mRNA &% N oyrBEERIEH ST
Fig. 1 Analysis of down-regulation of zyr gene expression by the Cas13d mRNA system

2.2 pET28a(+)-Cas13d EARAIHIHE

R T AR R IR (1, 2k PCR M
pcDNA3.1Zeo+_c322d JFoki 4 1 i Cas13d Y H
) R B (2 889 bp) , Jii ki pET28a(+) 4 EcoR 11
Xho 1RV (&l 2a F12b) , BHAE 42 5k A1 H Y
B A TRl S A %4 /T pET28a(+)-Cas13d
R, 3E AT PCR ™G TR 1) P38 A B4 5 PH A
JERLfE (FE 2¢) , 0 7 Pk B DA B0k 17 51 15 A 98 74

http://www.shhydxxb.com

R R S R T U SE R .
2.3 Casl3d EAMREF41L
pET28a(+)-Cas13d WK £: IPTG 5 3 J5 & ik
H A, I 2 ) W A Y e IR B R 115 ku (1)
TH W5 A7 A B R/ N2 1 004 aa, 115 ku, K]
3a). JH His-tag /> BRLE 5 REHTAR A T 5002 Bk Fisf
o A6 I 1 K 2 115 ku 5 5 09 H 45 8 450 (&
3b), I, H 4 pET28a(+)-Cas13d JF k% £ ik %k
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R Feak B A o 7E5 5 I B g S ) Jr
T H 20 AR R RIA A5 AT T O, 45 A R
pET28a(+)-Cas13d & #& £ 37 °C3 | 155 2 .4 Hl
6h,18.22.25°C%1A5 20 h )5 (E 3c),37°C,6 h
M TNMEARBE RS FIL, 5 iGRA 0
H37°C 6 he DU, M7 A A0 TR 2500,
YK R Cas13d A EFH R Lig w3k

cas13dF (908 .. 930)

Cas13aR2 (3771 .. 3794)

e ’

L venaeor :f‘
%,

o

Xhol/BeoRIL:
5335 bp

S TR

K TEDIE T R RIE (Bl 3e) . BT IRELLRT
B WG S, FRATTUSCAR R A R A TR
AT T UFSES . WRAE R BB FRIXG, &N
Sepharose 6 Fast Flow {43 #1414k , 7£ 500 mmol/L
DK s Y 58 i 7 2 I FE DK B b s Y 1 25 i HL
F—A H A4 (B30 4 IEE ], 1 L LB B3Rk
Al 2fifk 3] 2.85 mg Cas13d & .

e
¥ ATG | 3pe
Mﬂ thrombin s:: NN

o" D N

PET28a(+)-Cas13d
8221 bp

ckF (2653 .. 2674)

ckR (3089 ..3111)

3016 bp,1004 aa

(a) T BTk pET28a(+)-Cas13d Ak L TR
Construction of recombinant plasmid pET28a(+)-Cas13d

(b) F T4 FokipET28a(+)-Cas13d
Construction of recombinant plasmid pET28a(+)-Cas13d

bp M 1 2 3 4

500

200

(c) PCRAKEIN PR 5 e oz (1-4)
PCR detection of positive cloning plasmids(1-4)

M. DNA Marker, bl. Cas13d F41FOki () PCR F Bt b2. i3t EcoR 1HI Xho TZVEALI pET28a(+) Bk, 1-3. FATERCR . 4. BHVERCR .
M. DNA Marker. bl. The amplified Cas13d by PCR. b2. The linearized plasmid pET28a(+) by EcoR I and Xho 1. 1-3. Negative control

plasmids. 4. Positive control plasmid.

B2 E=HR pET28a(+)-Casl3d Btz
Fig.2 Construction of recombinant plasmid pET28a(+)-Cas13d

http://www.shhydxxb.com
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100 ku—p

(a) Cas13d# 75 HISDS-PAGE
SDS-PAGE of Casl3d protein expression

M 37°C 18C 22°C 25<C

100 ku—p

(b) Cas13d # I G E NS Ar

Immunoblotting analysis of Casl3d protein

M 2h  4h 6h -IPTG

-—
L —— b
100 ku 4> B L be - 100 ku 4 & el ol
ﬁmﬂ -

(c) ANIRIURLE T Cas13d 8 AL

Expression of Casl3d protein at different temperatures

(d) ARSI T Cas13dE ik

Expression of Casl3d protein at different incubation times

<O .
NI R R e o
Q\/ W &5 < FoF o
<O & /@*@2 y@@ & &° «o & &
Mo S ?\ NP\ Mo

100 ku—p -

. 2|i| *

(e) il i3 SDS-PAGEX: I Cas13d & El 4lifh
Detection of Casl3d protein purification by SDS-PAGE

Vo
(f) i i SDS-PAGEK 1300 mmol/LUKIE B Al
500 mmol/LIBKMEEB R 46 fL 1 Cas13d2E 1
Detection of Casl3d protein purified by SDS-PAGE
in300 mmol/L imidazole eluent and 500 mmol/L
imidazole eluent

M. 1 marker. IPTG. S %E-B-D-Hif L FLHEF . 20 mmol/L WK . 20 mmol/L BKIRVEAZZ #hif . 30 mmol/L BRI . 30 mmol/L WKL
BROEMW . 50 mmol/L KM . 50 mmol/L B VEZAZE MR . 300 mmol/L BKIE . 300 mmol/L BKIEYEAZE i . 500 mmol/L B . 500 mmol/L

WK e 4 2 i

M. protein marker. IPTG. Isopropyl-beta-D-thiogalactopyranoside. 20mmol/L imidazole. 20 mmol/L imidazole wash buffer. 30mmol/L

imidazole. 30 mmol/L imidazole wash buffer. 50mmol/L imidazole. 50 mmol/L imidazole wash buffer. 300 mmol/L imidazole. 300 mmol/

L imidazole eluent. 500 mmol/L imidazole. 500 mmol/L imidazole eluent.
3 Casl3dEAMRIEFLAL
Fig.3 Expression and purification of Cas13d protein

24 Casl3d EHZ% TAEH r mRNA

W IR AW TR S, O IR AR iR
(Cas13d B 1) 1A 56 71 AT K& B HR i 8
2 /b (n=0/56, [l 4a) , 255 41 (Cas13d 25 1/
crRNA) £E{ (1) 31 AR JG Th A7 15 AN HR i 2R o 3%
B k2R (n=15/31, Kl 4a) . il i qRT-PCR
J7 VRN 2] SE 5 2H H tyr mRNA T B 1 A (]
4b,P<0.01) . [AIHF, XF LA S5 20 cDNA R HiAR ,
tyr-qPCR-F/tyr-qPCR-R K 5| ¥4 14 1) PCR =4
HEATI Y, 0 P 45 5 R A A — SOk 2 SR AR P
5 (& 4c), I, Cas13d & F1/crRNA W 7] LA
AT VA % - mRNA

http://www.shhydxxb.com

3 itie

Hlr, B H g R g e 28 2 W H T AR
YR DR G 4 N 2SR R 2 . 5 CRISPR/Cas9
Z G A, CRISPR/Cas13 £ 4t H A 4 RNA 11
A DNA TG . ASWFFE LI X a2 5 6l Sl F
FEXF 4, My T CRISPR/Cas13d ik R G8 IF{K 4h
FIRTHIEVEM Cas13d EH

ABFFEHIHE T pET28a(+)-Cas13d F 41 K ik
A ¥R K pET28a(+)-Cas13d A FE X HIEH
e A TR ARLEE o WF SR R BHAE =i T &
()6 BRI ER, T & B E R I 1, BT
IR B S AR , 2 T8 LT T (A TR A
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(17 A o S L NE e = Wk R M N N i T
AWFFRILER T 37 °CifsF2 .4 16 h 45 34 1 [A]
L R BRTE3T CiER 6 hifg RN RZH
M R A AR S O A i )35 5
37 CCHIFRIA T . KR HWE NG il
BB T R ZE BT a4k AR A% 4r T i 115 ku 1)
Cas13d [, il B4R T ki fa i A .
BT BRI RS IS M Cas13 B 1, N

T B A HE R 0 @b, o 5T Cas13 RGEH 6 B

V--¥

1000 um-

Cas13dprotei
N=0/56

l"'..‘—/

() X HEZH AN S GG LH I G e 7Y

Phenotypes of control and experimental embryos

R Fg 107 AT 3EhE™ Tk A1 A Cas13a 524
KR AT AR (RPA) ML &, PRI T —
Pl = S (A 191287 T H——SHERLOCK™*, %
HRTEZ P HE 28 R B8 IR IR B
o 2 FH AR A0 R 7 5 AR R LT 2 R R !
RUIN . Cas13 RGEw sl b A28
P ALFE R R OB | B AR S DR A
a5 22 FE ARG AN FHAE 2 R, AR
Cas13d HHAETF A RNA 2 &ETM

g -
H = h =
®.9
= 2 <
X o 1.0
EED
25 E
S2Eo0s
© =3
E 2
S
PN
& &
9 N
NS
‘b%’ 0\6
N
G)b
S
O‘b-

(b) tyr mRNARJHIXT k5 5
Relative expression of zyr mRNA

r sgRNA
-V de
—
F vV E = L T P 2 4 = A I W W = L‘
[ casi3daRNA ]
ttgtcc ttcttg taccttcagcaagcccagcagatctggcagtggctcctgg WT

TTC-II'CCAGOAGTTCTTGAC CCCCTACCTTCAGCAAGCCCAGCAGATCTGGCAGTGGCTCCTGC

Casl3d protein+crRNA

(c) SLELHPCR =i
Sequencing of PCR products of experimental groups

El4 @it Cas13d EE crRNA T oyr EERIRIE
Fig. 4 Down-regulation of zyr gene expression by Cas13d protein and crRNA

g Hh AR ST kB, 4 Cas13d mRNA/
crRNA & 4 W) J5 77 6 R 358 € 2 ik /0 ) 2 U 7 7
B5 dJE AR X F B 5 H AL RE AL,
SR SRREL K AR, 5 4 DNA $EJL A 11
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Application of Cas13d system in the down-regulation of #yr gene expression
in medaka (Oryzias latipes)

XU Zhaoran"**, XIA Bilin*, JIANG Yuewen*, DENG Ju'**, CHEN Ruoxue'”*, LIANG Jinglie'*”,

CHEN Tiansheng' >

(1.National Key Laboratory of Mariculture Bio-breeding,Jimei University, Xiamen 361021, Fujian,China; 2.Ministry
of Education Engineering Research Centre for Eel Modern Industrial Technology,Jimei University,Xiamen 361021,
Fujian, China; 3.Key Laboratory of Healthy Seawater Aquaculture in the East China Sea,Jimei University, Xiamen
361021, Fujian,China; 4.College of Fisheries of Huazhong Agricultural University, Wuhan 430070, Hubei,China)

Abstract: The CRISPR-Cas13d protein targets RNA substrates through crRNA-mediated sequence-specific
binding and achieves precise cleavage via its ribonuclease activity, offering a non-genome-editing strategy
for RNA-level gene regulation. In this study, we optimized the Cas13d gene sequence based on the codon
preference of medaka (Oryzias latipes) , successfully constructed a prokaryotic expression system, and
purified recombinant Casl3d protein with a molecular weight of 115 ku. By microinjecting in vitro-
transcribed Cas13d mRNA complexed with crRNA targeting the tyrosinase gene (zyr) into medaka
embryos, alongside parallel experiments using Casl3d protein/crRNA ribonucleoprotein (RNP)
complexes, we systematically evaluated RNA-editing efficiency. qRT-PCR and sequencing analyses
demonstrated that both delivery methods significantly reduced #yr RNA levels in embryos (P<0.01), while
DNA sequencing confirmed the absence of mutations in the target DNA sequences. This study validates the
effectiveness and specificity of Casl3d-mediated gene silencing through RNA editing in medaka, not only
providing a novel regulatory tool for fish genetic research but also establishing a theoretical foundation for
developing RNA-targeted Cas13d antiviral transgenic fish lines.
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