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WE FaHmRm™ERAK KRBT FE8 KR, HTCRISPR/Cas9# F 4 48 & A ¥ 4% U5 5 F
EENR R, DR YRR EDEWE E Rk, ¥ & (Ctenopharyngodon idella)TLR8a-2 #1177 % % /% R AL # B 7
WEHET, VAEZERERREM TR, KARHEZFORDSaEH AN E R EAaEA FHEAH
EMFEEFERLEFRH B RENG. SR KA, B EASa  BE L FWIEREREFER. HEHEEEE,
HBEIRERBERGML, mx2)5 RIEELH(nfrb2, il-6)8 Kk, BT A E & IR F(ype 11 grass carp
reovirus, GCRV-II) & % 5 )7 & 4 K 7T & B VPS6EImRNA K L €. Wik, Bk rS8afc E AWM E a4 fe BIH E
B E N, FEE RN AR AR AR T F R, X RTLReaT kB T A TH Z R X
MEFESERFELRCE, FNTTE N IERIE. R RTAE N BT & KXTLRIE 5 8 5 1 % % T #r AL F 32
HHAA, WATRERN ) THRFRERERE A

xR EFE%E, &, FUFH M, TLR8a, ¥ & iR &, S E e %A

CRISPR/Cas9F3 A Ak vy 28 ) #E i & AR 2R KA
HERIXUEE T ZRAZ Z L], EREIThREWE T, AIHFEER)
WAL PR« BN I ] 5 500 B AT T A R A
FIU2L B K= FRi s i — A MR, OF
WEFAEAAR IR R G e PRI BEAT FE R 24, ANTITIR R
i = 5503 JE B AR LA LA DA, kA A PIxd R fl
(Ctenopharyngodon idella)¥pidkbFE R AT bR, K
R pidkb i KB FOARE A E R, FEX GCRV-IT
AL EAGUE, UEW]IZEE DX GCRV-ILAT 518 1) 5 £

s A R R . X AL 2 ) [ Skt
(Megalobrama amblycephala)socslaflsocs1bFEAE I 4
A AMERE I 5, (RIS E SR L IE 7K <5 L B (4 eromo-
nas hydrophila)J5 RAEF Finf-a, il-6H)FIE & 0351
. _ESARBIE T R 2 iR A B R 4 R DR E 0 /4 R
92 ) E B

TollF£ 324K (Toll-like receptors) &Ml 70 ) 2 H ik
AR IR 1 5244 (pattern recognition receptor, PRR)
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[ 77 5 4% i i3 CRISPR/Cas9F AR % B4 TLR8afEHUR B Fl i 1) N2 FH v )

VEF, R RBh5e R IE R AR P i e e
7 B4 TLR8S AP AN B, BLHETLRSa (JATLRS)
STLRSL™, #i I 7t &% W 2 5 TLR 8a k) T B8 5 4700
TR APBE AT 4y, HBEME R NP 5 s v
IR T, 2408 I siRNA T CIK 4 R TLR 8al) £
i 5 RE G G RN B X GCRV-TTRI TR

LA FE20245F 4 [F R /K FRE ) 77 8N 616.49 J5 I,
KRR e U, i R O R 5 R )
A I R L T A e R R SO R (AT ISR T R
AIE80% A B EHl 24k kRl AR ET
CRISPR/Cas9O+ R I My @ tlrSarfi ¥ (TLR8a™ ™) [h L
FOIRRAM, IRV, LA A AEGCRV-TUK S N
(R BB S AR . LU B AR A % S B s 3 DR (BT
I3 B/ JOE I A 20 ) R IR E A Ak, i RSN A
Ifil 9 41 i (peripheral blood leukocytes, PBLs)¥R F13 [A]
Yo} e B A R T RV R I R, L B R FOAR
B TR G A A0 1) S DA 0 2R B9 5 ikt

1 MRS 5
L1 EERREE AR5 R G R R

T 38 E E X A5 B A 0 (National  Center  for
Biotechnology Information, NCBI)Fff3 5 trSaf 3k
R %1, FER S5 N HQ638214. f# FHCRISPRscan
(https://www.crisprscan.org/) & it #4755, ff FIMEGA-
seript™  T7# i G A SN s 7 M RN AJE AR A7
7E—80°C. LApT3TS-nCasOnfFi R AR, 1 I mMES-
SAGE mMACHINE™ T34 5387 & T A 3¢,
A HiCas9 mRNAFRAFAE—80C.

S AT FH SR AR B A R T Hp R 2B K AR AR it
FURT RGP AR AU A T Bkt A 73 F. B
T — MR £ G R T, N T A28 e USSR A2 RS O, 17 iR
HEST1.8 nL Cas9 mRNAFIgRNAE A 2] — 4l i 15
RGN, SR, Fr4h A K E 243 emi BT
oy a5 4y FRAE A TDNASZEL, {8 FI TLR8ai il 5147
TLR8a-testF/R(F V)Y 34 H 19/ BT, 0 14 i b Bk
IHHIFOfTLRSa ™~ Fit .

1.2 SRR 5 R 1) L A P R R 5%
i Aa P g 107 35 1124 (GCRV-TD) 3 ik B o [ A} 2
BE 7K A A= I 5 BT TSP AP 9 5 R, A P 2

2

7 G P B EE L), IRV Y SE I T VA i S R R
(7R AT, ARIE K AR 2K 16 mg/L, 7K A% il
TE(28+0.2)°C.  H2 AijKy b 20 5 0 1) 1 2 068 1 B 46 Ak
H, SRR A XA, B LKA 1.25 mLiE
i(1.42x10° copies/uL), 1RE)JEIZIIEYL30 min, b5
B AR R B R R 21K, 8 H RS
ML E AR R, 3, 5, TRBENL RS FIWT
S TLRS8a™ LBt MR HEAT BURE, 150 mg/L
MS-222 JBR I £ 4 I O SR e R MR AR 5
PO % [ S0 e S5 1ok A koK 2 S EG B Y H 0 B
W SZ6AS B EH 2 (18 FL 4% 5 HZAUFI-2025-0026).

1.3 AR S R

FEE0, 6, 12, 24, 48, 60, 72, 120, 168 hFREEH 14 J5
T A B AR . BRI SkE L ECRD g (R
] s 2% N3 R B0 B T2 mLE B W R v, 9F
JEA1mL TRIpure Reagent (Aidlab Biotechnologies,
China) i B 5 4% B 6 B FEITRNASR L, {5 F Hiscript
Il Reverse Transcriptaseifjfll & (Vazyme, China)% %
cDNA, W BRI R B 25100 ng/uL 5 BT —80°CUKAH
A7, K24, 72, 120H1168 hit) BT AR AN e BT &
1 mL 4%ZH 2R 52 1.5 mL B OV o [ 224 h. H ke
ik B R CEMIRH A R ATHER (. BB
BETamaoifsv A agathamr,
TEKSQRAY #7473 B [ F B 1F 2 A9 B 451475 .

1.4 SCHF9E )G & BRT-PCR Y5 2 H J5i 6 Bl i

{8 FHNCBIHJPrimer-BLAST I B 45 435 il 5 (] 55
WS IR RS Y. RS A4 B S5 TLRSa Y /i f
(Pelr8atfnt & &, W AR 8] 5 & 2H 2 2 /A
FLERE HvpS56 mRNA K Gt R FE Rifnl, mx2, nfxb2,
il-6MI RN R &, A 18S rRNATE NN S LR, Fr
RS MFFI AL MR () cDNABAR 5 & &
5| ¥IAE 384 FLiR FF ¥4 BrightCycle Universal SYBR Green
gPCR Mix (Abclonal Biotechnology, China)ij B 5 At #)
10 pL R Rk . 8 FH K% -5 384 FLAR BRI 250, ¥
FREE BRSSO R FLIRE T CFX opus 384 (Bio-
Rad, United States) " H-% i 5% B S NART (B —
REAT qQRT-PCR 5 B ] 75 sz I AN [R] 51 490 £ 45 i b %),
5 FHY EL AR C T 2 Ay 23 W i

e FH 4 R 4 BRI S (R R AR ) AR A
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Table 1 Primers for experiments

514 SIMRFHI(5—3) Mg
TLR8aTarget-F TAATACGACTCACTATAGGGGTGGTGTTTCTCTCGAGGTTTTAGAGCTAGAA eRNAMAR Y 1
Scaffold GATCCGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTT- RNABLHY 1

TAACTTGCTATTTCTAGCTCTAAAAC

TLR8a-testF
TLR8a-testR

CCGCTCGAGAGAAACACCACCTC
CCCGTCGAGCTCCAGCGTACGCA

FRF AT 1Y
FRF I 1Y

18sF ATTTCCGACACGGAGAGG qRT-PCR
18sR CATGGGTTTAGGATACGCTC qRT-PCR
CiTLR8a-qPF TAACTCGAGTGCCCAGAGGA qRT-PCR
CiTLR8a-qPR AGCTCGCGGATGGATTTCAA qRT-PCR
CilL6-rtF CTGGAACTACATCGAGAAGG qRT-PCR
CilL6-rtR GGAGATGTTGAGTTCAGGTG qRT-PCR
IFNI1F AAGCAACGAGTCTTTGAGCCT qRT-PCR
IFN1R GCGTCCTGGAAATGACACCT qRT-PCR
NF-xB2F AGGCACTTCCTCAGCACTACGAT qRT-PCR
NF-xkB2R AAAACCTCCTCCCATTCCACC qRT-PCR
MF428 ACATTGACATCGCCACCACT qRT-PCR
MR429 TTCTGACCACCGTCTCCTCC qRT-PCR
VP56F AGCAGGCTATTCATCACCAGT qRT-PCR
VP56R GTTCTAACGCTCACCGTCTTTTC qRT-PCR

B, o ) SR 2H A AR B, RS PR
#1347 SDS-PAGE 5 Western blot. i fHVP56%
7a il 5 B-actin Rabbit mAb (ABclonal Biotech-
nology)/E N—%i. HRP-conjugated Goat anti-Rabbit
IgG (ABclonal Biotechnology)fEA —Pt, &l IR i b
VP56 Ml1B-actin (3K )& &.

1.5 FaAhE I E 240 H R

UG SLU0 25 o5 W A7 1 B A I B 2 IR = v Ak
TRIFR, i R BB T B 0o vk 3R AT B A A1 I 2
(peripheral blood leukocytes, PBLs)J$EHL, I J5i%
1. A 100%#Percoll, M 1x PBSHiF:A61%1)
Percollj5 B T K& & H. {F FHHPBSHEL il &R B A
1 mg/mLAI AT 4M(Solarbio, China), B TIK&H & H.
HE3JRFOM TLRS ™~ 8 £ b5 B A= 5 B o e ik R
IO 65 MR AR I RR S I E T k&, A
2 mLE LA HHIAN900 pL 61%FHIPercoll, M4 BE /)N
D IINA00 pLIM, SEi B R 5 2. 7 sA i =
O HL(Multifuge X1R, Therom Fisher Scientific, United
States)14°C  600xg&.0»10 min & /N EUH B0V, W
H R LR A B T2 mLE O, ff A 1< PBS

T V4N S 1R R OIn N800 w21 41 il 24 % Wi (Solar-
bio), BiliaFHEWITIRA G E TUK L EFE S min,
5 8 I PBSIE L4l e yiiE 34k, 18 F 40 B H B 7215
BB TS (A

1.6 R Gt elr8aXy H 6 41 8] 1l 4 ML T RE P
A

BALTE A FH 1xPBSHPBLsHE &S
5x10° cells/mL, 1 HIPBSILPSH:EREE(1, 10, 25,
50, 100 pg/mL), ¥ KiFJ& KR EERARE2, 4, 8, 1641
32f%, M HPBSEANRA MR, 24 FLia LR (Corning
Transwell, Merck, United States), 100 pLFiRE 5
PBLs/INO I ] EE (LA pm) 1, #600 pLAS [
FE (R LPS BYCK I 9 75 4 B 5 0 IR AL NN B R = v
B =R, FREE 1L WE LSRG L=,
FAE 8] B A W% S A b s A B R = A
e H . A7 E A, K B R L BT S A A B A
PBLs#EL 25 R B AL

TS B R B RSB A A S
VU (NBT) Wl 78 J5 R 2 4 00r Sa Xt PBLs ™ A % 1
AR . A AT 25 ng/mLILPS il B FOA,

3



[ 77 5 4% i i3 CRISPR/Cas9F AR % B4 TLR8afEHUR B Fl i 1) N2 FH v )

TLR8" %t [JPBLs5 B 4= M w54 ({)PBLs  (4x10°
cells), K¢ FRVRA R E T et m R 1 & 1882 h
TEAN A [A) f B E IR VR G100 pLT-96fLA Y, REFL
JIA100 uL NBT (1 mg/mL, %1 pg/mLIKIPMA), =
REERE 1 hEMA100 pLFEEZ L M. K96 FLIR
B TR P87 $h1400xgB 0210 minf5 34 EiE, FE
200 pL 70% FHEEIEVE3 X, I RESLIIA120 pLi)
2mol L™' KOH140 uLKIDMSO, & )5 B T Agolll
SEMRGRE. 8 FH 28 2 R R T R T 4 A 0 7 A
W% 2HPBLsHIER 4 i B2 B (acid  phosphatase, ACP)i&
PE, AP EREAE 25 ng/mLEILPSHIE. AfET Ehig,
W5 25 INF ) A A 78 £ (1) PB LM i 5 P 1 O L

2 HRESH

2.1 TLR8ajg RN T

FOAHE 1 1lr8a bk PR R AL A () FEAL AL T 258251
¥ I, F5IACCGCTCGAGAGAAACACCACCTC (&
1A). B 5 A58 ARSI 51 P08 38 H R 21 5 e, B A A
(WT)E A R FEHIIE %, T 55 FOAC R b 41 % 1 (TLR8a ™)
() H AR FE B B (B 1B). 3 5% e e 2 51 ks
DN EF A= A 5 TLR 8™~ B i S Fh 4L 2L b (R e Sa i W e ik
HERIM, mRAR A . KB S
EH R elr8a sy B35 0 F AR T B A B A (E]1C).

22 RIBBGEHEANTREI SHARTE
il
FEGCRV-IIR IR G5 (121 R N G T & IS R,
RAEATIR 1B ) B A R B TS RN 100%, RS
) B A Y B 40 AIFOAR TLRS Y ™ B 81 [ AE 0 R 4 TN
1.81%F110.91%, -5 B A= 7Y 8 68 A L 3 IR 9 56 i 1R 26
FORE A A5 R TH9.1%(E2A). Xtvp56 mRNAFHXT
FIB IR 5 R, 15 IR IR S5 (1 55 7280
120 h, BREECYL S 5548, 60, 12081168 h, Sk'Bf R
JE 5560, 7281168 h, HEEYLE 8 12H172 h, i/
LIS IRI4E24, 7281168 h, TLR8 ™%t [FlvpS6HHXS ik
B E T84 B R 0 (K2B~F). St VPs6E A
(PRSI % B, 7 57 0K 1 20 . e 351 AR A DU 21 VP S 6. 1 7E
JRYLJE 1, 5, 7R, TLRS™ ™ Hita fJF vh VP56 & & 1]
BTWTEfM, X5%asRE R rasitAs—5
I Hvps61E 5 HA T FIM RIEE BB LFHE T

4

B3t bR gk B 36 W6 el 8 a ) 25 K] 4 B R 5 ek /D>
GCRV-IIN # HIH R F &,

2.3 Y JE A I AR 2 SR B 2 W 5%

SR IR IR YL J5 7R A 0 B A B 5 TLRS Y~ i i A
K, WIEBARTR, P2 A0 i 2 B 1] £ I
FER RSN E,  F 553 R B AR Y (B RE
R, BB SREF A AL B R R A B REAR, 2R7
REIES . Nl RRB BB, HTLRS™ ™
FAAE SR G 5 TR DUE A i IR, X i
(FTHE Y 0 45 5L 3% 0 35 4 50 (1) g 1 o 5 T 9 A2 A
IRANAE G 2, LA™ E ALK, (R AR R A
TR A T P B P B (I3 B, K MR e e e SR
S 52 10 i I I 2 P T ) 347 TR 4 k%
AR (E3C). XL LR, RIVEGLGCRV-1IJE1E
. FFEH g IE e 5 B35 om B AL, JF
FLTLRS™ ™% a1 f) 41 4155 25 45 Sl B W T it K EL A BT
AR,

2.4 YT G A e I R RR I

T RGN} A ¢ S 1) 35 DR G B e 75 T 92 2 (R
(eI Ao, A f# FIIENT, Mx2, NF-kB2FIIL-6
()58 B 51 R ARG B I mRNAA X KA &, 451 %
HITLRS™ ™5t ff)ifn] mRNAMIRN kB AEIR YL E
24, 60172 Wi AFIRAR; 250, 6, 12, 721120 hifi R,
F60F1168 hifI Sk B 250, 6, 60, 72, 1201168 hfffi; 25
12, 48, 60172 hif) i A 5.2 v T B A R et (B 4A).
{ETEZE0 hif il v ifin 1 308 SR T 37 AR B s (JK4A).
Xfmx2 mRNAFH XS FRIK & PIAG I 25 S BRI IR R0,
6, 12, 24, 721120 hifIFIRMR; 12 hiI R, 0, 724N
168 hif)3k'5; 48, 72~168 hit A48 K172 hif) [igiE H (1K)
mx 2N SRR 5 W3 v T A B R £ (]4B). FaR A
FEERRY, tIr8ar] BEIB I 1% ifin ] 5mx2H1ZRIE MM
M FYR T FRIE SN, B JG T JRE A LR (1) Rk
BEATAG I, 5 AR R B An A b, S5FOfUTLRS Y~ B2 1)
nf-xcb 2R il-6 I mRN A K IE B 7E G5 1A [F] I A] 40
BHARFRLE ) TFEr. 425524, 60, 120, 168 hif) JH i i o
FOfCTLRS™ ™8 ff1 nferch 2 (1) 35 B R B 4 70 B 42 )
1.46~2.391%; 550~24, 72~168 hif) i JF 2 B A= A vt
fR11.33~5.351%; 550~48, 72, 120 hif)=k B v 2 B A= 7
1 11.32~2.661%; 7EME (13215 542 B A 7 R fa 1)
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8664 bp Ff ——————p]

158... AGATGTGCCGCCGCTCGAGAGAAACACCACCTCCCTTGACCTT....201

B Il G G R G L K D V PJP L E R NT T
IT6CGEG6TGGACGTEGACTC G

TEGTGCCGICCGC TCGAG AG
—

G G R G L K
G

TLR8a*"

\Y

PIP L 2 2?2 2 2

B 1 S EdrSatE RIRER MIRLAL A T, Ar SME TR 100 3l R T HEAN SR C 2 26 30, JHE P IR G A0 1 2 X8kl
ARERARBH B DXANTF OB AL, ff N R 2 A AR B AR 515 B: DN S0 dlrSa i IR DR fa; C: {8 FH QRT-PCRASI it
W 5 (Rl Sa RN . P I T B IR E R = MRSL I B ) T2 {8 *, P<0.05; **, P<0.01

Figure 1 Analysis of the target site for #/r8a knockout in grass carp. A: Exons and introns are represented by rectangular boxes and black lines,
respectively. The gray and white areas within the box represent the untranslated region (UTR) and open reading frame (ORF). The underlined bold
font represents the target sequence; B: the #/r8a was knocked successfully through sequencing; C: the relative #/r8a content of knockout grass carp was
detected by qRT-PCR. The means+SD denotes the means of three independent assays. *, P<0.05; **, P<0.01

1.05~6.641%; 5512, 48~168 hif) iz b /& B A AU A 1
1.18~2.78f%(E4C). % B 9 i [K - 1L-6 ¥ A i 2 BH
1RG5 (1556 hF148 h, FOfCTLRS™~HL A [ JiT Jik i
Hil-6 mRNAF R, A& AR R 13,6245 F13.86
55 755 128024 hif) BB & & B AR R B8 1) 5.05
3.46f%; TEH48~72 hif ISk R & & il 2 B A R R f
f12.12, 2.25H12.941%; #£5560~120 hify i 2 &5 5l
JE B A R B (194,68, 10.39F15.131%; 7E£48~120 hif)
TE RS B e B AR B B 1) 13.94, 3.48, 2.63F12.20

E(K4D). Bl L85 RERWIRR ilrSa)a BE W R M nf-kb 2411
il-61) IR, T R4 16 T S S R 4L

2.5 BEPN 4R TLRSaX Fifh b i 5 40 BT i
SN

S U6 25 R AR IR R elr8a i 1 JEACPBLSE R 42 h
I RE AR 2 T VR SU(EISA). 0] R P B IR s 1
S3 T SRR TE BT B RS 1) 24, FOARTLRE ™ B 1
FRPBLs 148 11 ol IR T v 1 3% v 1 B9 A 28 £ (J&] S B).
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"2 40 2
) <
20 =
5 [ ] S
0 :'s é sla 1'2 1'5 1|8 2'1 6 12 24 48 60 72 120 168
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E'ﬁ B TLR8a*" I B TLRsa™
< < 2' *
z z l
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E 9 F 7]
S [=R) 1093 WT
% 4™ TLR8a™ % | TLR8a™
1 e
T 34 =
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% 2 g
zZ " = P
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E ] i Iy »-
6 12 24 48 60 72 120 168 6 12 24 48 60 72 120 168
AN B/ e din =y
G ARAE
WT TLR8a*-
GCRV-II: 0 1 3 5 7 0 1 3 5 7 (day)
75 D AR T 84 ]
60 VP56
P e T ’m L Bl

75
60

45
35

B-actin

Bl 2 RIGEG G A AR AR ) S A LR RS RE S A ] T GCRVIRIGE YR, Giit 21 RN B EAAE
#; B~F RIS EA B R, SKE . SAGIE T SRR FE BRI, *, P<0.05; **, P<0.01; G: [ #{GCRV
TG i AN R I 8) 5 R A BT VP 565 B-actinds: Il

Figure 2 Survival rates of grass carp after immersion and relative viral load in five tissues at different time points. A: Grass carp were soaked with
GCRV-II, and the survival rates of grass carp were measured within 21 d; B-F: detection of vp56 relative mRNA content in hepatopancreas, spleen,
head kidney, gill, and intestine of grass carp after immersion infection, *, P<0.05; **, P<0.01; G: detection of VP56 and B-actin in the spleen at
different time points after type Il GCRV infection
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TLR8a*-

TLR8a" i

* M bﬁﬂﬁéﬂliﬁéﬂﬂ > BLKED =D MBI E%

Bl 3 EFARAY S A R R SR (I R R AE S B ) . A B AR R B AR 5l Sami Bk B R SR A [B) R WL AR. 406
AR R i, 21 ¢ 5 AR R A I, 3 HID1~D7TAFRIE G R L. b5 ROR/NNS emy B: BF AT B8 5 rlrSaii b 5
TEIRGAR B ) . 5 R K/NA100 pm; C: 37 A2 BB 60 5 ¢l 8 i I B0 0 6 B4R 30 18] B IR IR D) 1. B )RR/ R940 pm,
RS ARERAEN, LE=MRRMIRGNIE N, BE=ARRAZUKM, BaFT AR A% E 4

Figure 3 Clinical symptoms and histopathological observation of wild-type and gene-knockout group grass carp during infection. A: Clinical
symptoms of wild-type and #/r8a-knockout grass carp during infection. The red arrow and red circle indicate the hemorrhagic symptoms on the body
surface and lower jaw of the fish, respectively. The days post infection were represented by D1-D7. Bar size, 5 cm; B: the intestine histological section
of wild-type and #/r8a-knockout grass carp during infection. Bar size, 100 um; C: the hepatopancreas section of wild-type and t/r8a-knockout grass
carp during infection. Bar size, 40 pm. Black asterisks denote vacuolization; red triangles indicate an increase of goblet cells; black triangles represent

tissue edema; and black arrows signify nuclear pyknosis

B8 J5 15 F AN [RI9R B ILPS 5 S PBLsIE %, - LAA#
LPS#5 S HIPBLs AT R, 45 R BHTER G T 564 i
Wa: 4F B 2F R B (R PBLs I R R 2E B BT R, 1225
LPSi% 35, F4PBLs¥ R AEILH, ITBIEE HLPSIK
FE R IEASE, MLPSIREE A TAI100 pg/mLEF, w2 &
1 [ PBLs g B Eb B A 700 o 56 25 (e fb s ik, B A
B 7981 1.3365(K5C). 5 K3 5 99 22 AR [H]
B RS B B 5 T S PBLsIT B, 45 RRWTE
RN KIEREE 264 R S HPBLs R KA B35 IE#
252 B K E R FE RN, PBLs IR0 15 P 50 E M R
RBE R AR, R BEREECN2, 4, 8, 16f5HT,
TLR8" ™ ff1 [{)PBLs bt % 25 Ay PBLs Ji& B H 58 v 1)

watk e, NEFAER1.39, 1.32, 1.55, 1.434%(/&5D).
DA |- 45 53 BH B e Sa it 8 B 31 4 I I 98 00 s 7, 3X
TR 28 A FH T B 5 SO0 B A d 328 TR 1 I, AT 1) o
TR ICE 2 I ACP. LA, FEfh 1lr8a ] BEIE I SR H 1L
DL (43 1 AT PB Ls i A= A4 AR F R v 17 24 1 11
Jod B G

3 it
CRISPR-Cas 2 [ 2H 4 5 1 A i 248 AATTxT £

PRI T TT 3K, FEBALAR T 3R B AT TR A 1)
FERARE, 5 BT T8 5T AR 2000 O 22 DR 1)
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Figure 5 Effect of #/r8a knockout on the activity of grass carp. A: The PBLs of wild-type and #/r8a-knockout grass carp were stimulated with LPS,
and their reactive oxygen species production capacity was measured subsequently; B: the PBLs of wild-type and #/r8a-knockout grass carp were
stimulated with LPS, and their acid phosphatase activity was measured subsequently; C: the chemotactic capacity of PBLs was detected with or
without LPS stimulation; D: the chemotactic ability of PBLs was determined with or without inactivated virus stimulation. *, P<0.05; **, P<0.01
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Investigating the application potential of TLR8a in disease-resistant
breeding of Ctenopharyngodon idella via CRISPR/Cas9

CHEN GuanYu'?, WANG PengXu', LV MaoLin' & SU JianGuo'*"

! College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China
2 Laboratory for Marine Biology and Biotechnology, Qingdao Marine Science and Technology Center, Qingdao 266237, China
* Corresponding author, E-mail: sujianguo@mail hzau.edu.cn

The hemorrhagic disease of Ctenopharyngodon idella represents a significant constraint on the sustainable development of freshwater
aquaculture. Utilizing CRISPR/Cas9 genome editing technology to screen immune negative regulatory genes and develop disease-
resistant strains has emerged as a pivotal strategy in contemporary disease control. C. idella TLR8a, as a negative regulator of
antiviral immunity, was targeted to assess its potential for breeding. In this study, we established FO generation tlr8a-deficient
heterozygous models to explore their immunoregulatory mechanisms in antiviral infections. The results revealed that #/r8a-knockout
C. idella exhibited attenuated hemorrhagic disease symptoms, accompanied by reduced pathological lesions in both the
hepatopancreas and intestine. Furthermore, there was a significant up-regulation in the expression of antiviral genes (infI, mx2) and
pro-inflammatory factors (nf-xb2, il-6). In addition, the transcription of the viral capsid protein VP56 was down-regulated following
Type 11 grass carp reovirus infection. Additionally, peripheral blood leukocytes from t/r8a-knockout C. idella demonstrated enhanced
chemotactic activity, along with increased reactive oxygen species production capacity and acid phosphatase activity. These findings
suggest that TLR8a regulates antiviral innate immunity by modulating interferon signaling pathways and cytokine production, while
also mediating excessive inflammatory activation. Our findings not only enhance the understanding of immunoregulatory homeostasis
within TLR signaling in teleosts but also suggest a potential molecular target for developing disease-resistant fish.

gene editing, Ctenopharyngodon idella, disease-resistant breeding, TLR8a, grass carp reovirus, peripheral blood leucocyte
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