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FIGH AR e 3% S oL, FEAEAN[RIFE BE AR R O A 6y 4
% 8 dr i LMBVI i, H # MCP DNAY 1 (DD)
PR T BRAER SRR . BART S, DDA X
TG 295 F T 89.5%, B T HARA . Luog!"”
JRINFE R T —Fh & 9K 7 I LMBV K i
B, AT R K T B G LMBVIE G . HF T 45
R, 2K R AR R 9% T e 9% A R E R TNF-a
IFN IL-8% % 9% AH O¢ 36 IR 1) 3R 1k 7K ~F W8 25 B,
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SR M1998% 32 3 . 0.25%Trypsin-
EDTA (1)1 H 3£ [H GibcoA 7 84 4= Mg 5 A
SHEHEFRAEYMTEERAT, THERREN
(P1400)F1PBSIE H Jb 3 R K FE FHE A R A 7l ; 2%
Super Real PreMix (Probe)i /7] £ . FastQuant RT
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LMBV-ZJDSSH) % 1t FHM4H g % F &
10% ML 375 F1 1% 75 55 55 2 IR A I M199%5 77 5 T
28 CHEFEA P RE TR . FPANRETE P2 )G, TR,
2 NLMBV-ZIDSS-F65" "3 # ¥ 1mL, 24°C 1% 7% 4
W% H SOmin/i5 , W 08 BRI, 0N 40 A 4 R VR (Y
2%IM7E A 1% T B 5 2 IR & I M998 77 5%), T
24°CHEFR, A H US40 i) 22 %M (Cytopathic Effect,
CPE)I#%., £7CPEI& $I80%M, st 8% # W, T—80°C
HHRAE, SRIFFOORIF 110K FE k-
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(IR AL . IRV ER I 20 50 910%™, 10750
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FO0. F1107EK I 2 fA o IR S A . K202 K
[ 549 (13.0+2.0) g, LL10*° TCIDso/mL IV £ 43 5]
FEST0.1 mL/R, SRR S S A H AR K . fETE S
Je 3dA7ARE T HURE, AL, B . 5 A A
BEATLMBV & SR,

FL AN A R % 14d. 21d. 90d, LMBV-ZJDSS-
FL107E K 1 R i 4R Py (1 R . K20 K22
fifi(13.042.0) g, LA10™" TCIDso/mLIKI & BE 43 i 5
0.1 mL/E, XA F N EEAE K, EENE
14d. 21d. 90dikA7 HUAE, BRI, UMMNE. /5
i A3 4T LMBV 52 B R >

¥ LMBV-ZIDSS-F110/8 & bk 31T 9 K 55 3%,
e £ 9% B W 100 mL, % filt 37K, 12000 r/min, &5 O
30min, WCHR 3, 4TS mL 30% A8 VA L
50000 r/min, 4°C, B 0> 3h. Y & U V€ HE AT 90 5
DNAHE ™, % B DNARE 3 & £ W A 5 34T —
AR, I 7 B4 K I CLC Genomics Workbench%k
A4 B B A3 AT RS S5 LMBV-ZIDSS-F 58 bk f 3%
BKIZH 551, BEATAE 5. Bk S5Hm A B 404

LMBV-ZJDSS-F1105 # ® E R IF RN E

HY600 F {6 JE K 11 2, 0 A5 5 (13.0£2.0) g,
Iy NAE, Hop ARG A, 10 IR, B4 150)E,
P NIAAT, BASFEATS0E . 3R HEFL10
FRIR T (030 G B W FEE, 43 5929 10%° TCIDso/mL,
10" TCIDsy/mL#110°° TCIDsy/mL, % % 5 Jis v 5
FIEN0.1 mL/E, X IRAEN S EA K. )%
Jo B H R EE, JE M 8228d, iDL TR, Fuik e
1d. 7d. 14dF128d3EAT HUFE, BEAH BEHLEL B 1, TR
A3 BEPERIAFE &, RR TG s (R R 5 s, HL
Hot e 2HL ) T 4 2 i TR 5 5 /28 d 4 21 25 B30
1 ] 5% 7 LMBV LY20709 (LMBV-ZJDSS-F5)# 1T
W5, W E 10" TCIDsy/mL, VE410.1 mL/E,
WML 14d, PR AR R & F 5 A
AT A (R (%) =[O TR BB T R —H g 2
BT/ HRZHAE T % ]x100.

HU750 2 i BRE K 11 SR 6, A 44 i 2 8(3.540.5) g
Iy NS, Hrp ARG A, 1 IR, B4 150)E,
P NIAAT, BEASFATS0E . 4R HEFL10
PRI EE R I 4FD S8R B, 43 R0, 1077, 10
110 TCIDso/mL, 4 #9951830min. 4% 5 45 1
LR 82, L 8228d, i AL TSR % Ja 1d.
7d. 14dF128d3EAT HURE, R BEALEN3 2 f, TR Ak
B VRN —ANFE R, FRIR AR s R R g B, B
e 2EL ) T g B DR 5 5 7 28d % 2H %5 B30 8

F 588 LMBV LY20709 (LMBV-ZIDSS-F5)i#t 1T
7, BEF WK E 10" TCIDsy/mL, V5 75 425 uL/
B, It R R

2 1R S HP 19 S 2 SR 2 S IR B A
10*” TCIDso/mLiF: 54 £ F13 &F 910"° TCIDsy/mLIt)
30mini {2 1K H R SK B TR S A A, ZIERNA
simple Total RNA Kitisl 7] & (R A BHE A R A
A ) U B P B2 ZURNA, K RNAW % 5 N cDNA,
% W8 Livak: "4 38 1ty 52 1) 52 % 52 B PCR (qRT-
PCR)J7 7 5 K 1 2 fig Jiggg IR BE K -0 (Tumor ne-
crosis factor-o, TNF-a)~ FI4HHi/3%-8 (Interleukin-8,
IL-8)« CD8b%F(CD8b)- %3k FAM (Immunog-
lobulin M, IgM). % ¥ ¥K&E AT (Immunoglobulin T,
IgDA TP % -y (Interferon-y, IFN-y)FK 1L KV (F 1
1% 7 31), qPCRIZ N A& % N : 2xTag Pro Univer-
sal SYBR qPCR Master Mix 10 pL, . #5149
(10 umol/L)#%0.6 uL, cDNAMHR2 pL, ddH,0 6.8 pL;
SN AEFFN95°C60s; 95°CSs, 60°C30s, 40MEFR; Ft
A qPCRI NI EAT 3R E ., 5 FF i (£ s A 5
08 BE R BEZELRE L R AR X T B-actindk TR
FIE KR A2 EY R, B bR R R A
S5 RMAE S H % X A AN T B-actink:
PIZIE I EUAB (RS 2 AR S 0 R L IRy
RN,

LMBV-ZJDSS-F110{& N & £ S2 18 fd
LMBV-ZJDSS-F110, 10*° TCIDs/mL % S5 443
FFHERD, PR RIE0.1 mL/E, BIRIEMI10E. it
TR T WS B G S T HAE T 3% 3R e M G
3B G 5 AR B A R AR TR S R 494

=1 51953
Tab. 1 Primer Sequences

5 S5 ZSU

Gene Primer sequence (5'—3") Source
TNF-oF AGAAGCGCAATCTGTTCCCA [14]
TNF-oR GTGGCTTGAGTTCCTCGTGA
IL-8F AAACCACTTCTCCTGGCTGC [28]
IL-8 R ACTCAGCTCGGCATAGGTTG
CD8b F ATGGCTGCGGCTACTTGATT [29]
CD8Hh R TTTGGGAAGTCGGCTGAAGT
IgM F ACAATGCGAAGGTCAAGTGG [30]
IgM R CGACAGATGGCTTGTTTGCC
IgTF CTGTTGGGCAGGTGTTGATGG [30]
IgTR AGCAATCCTCTCCAGTCCTTTT
IFN-yF TGAGGAGCTGAAACAACCCC [31]
IFN-yR AGGATGCTGGAGAAGATGCG
p-actin F TCCTCGGTATGGAGTCTTG [32]
fS-actin R GTCAGCGATTCCAGGGTA




4 KR R

2025, 49(6): 062503

0.1 gZHZA513 AN mL M 1998577 %, 4°C 4000 1/
min& 0 5min, W IS, F0.22 pmJE Bt iE; ¥
Z A G ST I 3 W S BT — 2HL 1 K 1 B
B, A REURERT, ZH 25T S I H e B
AR A AR B B AL 50 3, 4% IR 5 58 1%
AR [ ()i A e o f A 0 A T AR A I B S AR (B
HIREEM 5 B HEAT 4R ARAR); B F T o B B TR
IR EEAR AN B T — AR AR K 0 B S, % H %%
ZE/b21d; B IFE ST LMBV-ZIDSS-F110f) &k H B i
NP1, HARAKIKONP2. P3. P4FIPS,

2 R

21 FRERASHHREEERSINE

J%5 B LMBV-ZIDSS/E FHM4H ity & i 4% 4K,
RIFF66 2 F110f0K, L HUF5. F45. FOOFIF110:t
AT S5 o SRR B I G B an ] LR i
SR B NFS 2 F 1103281 7 515 F1LOM 359 i 5t
&1, 910™" TCIDsy/mL.

10
= 8.8 9.1
E 8.5 s 5
S 8.0 <5 o
Q 8 r &
&)
H
=)
S ot
L
E 4l
>
B
=
w2 r
4& 1 1 1 1
F5 F45 F90 F110
{7k Generation

1 LMBV-ZJDSS AN G 25 1 1L
Fig. 1 Virus titers of different generations of LMBV-ZJDSS
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H4F5. F45. FOOMIF110AN [& 4 s 3 vE 5 K
F SR LM S 14d. TR 20 2405 R
4910*°, 107°F110*° TCIDsy/mLES, F1107E S 470 1
IR AR TR0, 706 23 N100%,; 24 55
W B 910% TCIDsy/mLI, FS. FASFIFOOM] 17 %
I RIR13.3% 26.7%F156.7% (K 2A); 2497 753
910" TCIDs/mLIE, F5. FASFIFOOMI1E 1% %43
N16.7%. 36.7%F156.7% (K 2B); 2495 % N
10°° TCIDsy/mLE, F5. F45FIFOON173% 243 7l Ay
23.3%- 36.7%7%163.3% (& 2C);
2.2 FRMORBIFHRER O RS RRBHBAFE

LMBV-ZJIDSSE IR EAREILHLA RS
B AEAUKLMBV-ZIDSS#E: R G 3dA17d, BL
FEAGr N 25 2 4% b () J (B 3). BEFhJE 3d,
F 110 B 4 23 92 U153 %11.5%10° copies/mg, A
bt 2 &, F5. FASHIFOOLL 1) I JT 2H 245 DL BUAIK,
H1.5%10"—1.7x10" copies/mg; & 4 3| Ji5 W 4 21 4%
%498.6x10°—2.8x10" copies/mg. HFh7d)5, F110
28 fo1 1 I fi 4L 4R DLSOTE %23.3x107 copies/mg, A
b2 F, FSAIF4S 11 J5 M 41 2388 DL 53 ) ot &2
10°F1110° copies/mg; F1104H fir 4 JB ik 41 20 92 D1 %5
254.2x10" copies/mg, FASZL {4 [Ji ik 4 2182 VUK T
251.3x10° copies/mg; & 41 1) 5 25 £ % UL 5 7E 52 o
J57dis%10*—2.5x10" copies/mg.

LMBV-ZJDSS-F110ZE RN E)4H L §9m F #
ETHKER LMBV-ZIDSS-F110% #h J5 1
14d. 21dF190d, HURE kI & 20 JIE 25 H 1R 23 480 =
(B 4). BEFRNE (1) 14d, F110M) BRI 41 23 8% LA
9.69%10” copies/ mg, L2 T, J& 4 4342 T %k
3.27x10" copies/mg, T 8 ) 25 21 3% 1 $ H95.40%
10° copies/mg; HEFN21d)5, F1102H f 44 i ik 20 43 4%

100
= F5 «F0 ~ ¢ =+ F5 -+ F90
- F454+F110 < g0 | o F45-4- F110
E
= 60 t
>
£
2 40t
#
o0 f
&

0 2 4 6 8 10 12 14
i 8] Time (d)

0O 2 4 6 8 10 12 14
[ (] Time (d)

0 2 4 6 8 10 12 14
i [A] Time (d)

2 LMBV-ZIDSS ANARIKAEE
Fig. 2 Survival rate of different generations of LMBV-ZJDSS
A TFEE 10 TCIDsy/mLES A FAR VARG 2 B. Wi #30 BE 9107° TCIDso/mLE AR [E AR KA H5 25 C. 3 B0 ¥ 4 10° TCID sp/mLE

RRARURAF %

A. The survival rate of different generations when the virus titer is 10* TCIDsy/mL; B. The survival of rate different generations when the
virus titer is 10" TCIDsy/mL; C. The survival rate of different generations when the virus titer is 10* TCIDsy/mL
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A J%Spleen W #Gill @ J5i%Hindgut
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2 2
E 30 | $ g x10°
Z S 3x10¢ | 3 ’
§ 2x10* § tor | o
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® ®
0 -4—= = == = ’ ] 0 L—=
stiEgE FS F45 F90 F110 xtHg4  F5 F45 F90 F110
ZH BilPeer group 2 Hl|Peer group
K3 LMBV-ZIDSSHAR KA 42 7% 35 3 5
Fig. 3 Viral load in different tissues of each generation of LMBV-ZJDSS
TP %55.21%10" copies/mg, JiF 17 168 25 23 4% 13 _ax10t Wsol
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EVALUATION OF IMMUNE EFFECT ON ATTENUATED STRAIN OF
LARGEMOUTH BASS RANAVIRUS

GAO Ming-Yue"?, CHU Xin"’, LIU Si-Yu”*, YAO Jia-Yun™’, LIN Ling-Yun’,
SHEN Jin-Yu"*** and PAN Xiao-Yi"*

(1. School of Life Sciences, Huzhou University, Huzhou 313000, China; 2. Key Laboratory of Healthy Freshwater Aquaculture,
Ministry of Agriculture and Rural Affairs, Key Laboratory of Fish Health and Nutrition of Zhejiang Province, Key
Laboratory of Fishery Environment and Aquatic Product Quality and Safety of Huzhou City, Zhejiang Institute
of Freshwater Fisheries, Huzhou 313001, China; 3. National Demonstration Center for Experimental
Fisheries Science Education, Shanghai Ocean University, Shanghai 201306, China; 4. College of
Fisheries, Zhejiang Ocean University, Zhoushan 316022, China)

Abstract: In order to investigate the characteristics of LMBV-ZJDSS-F110, an attenuated transmissible strain of Large-
mouth bass virus (LMBV), this study examined various factors, including replication efficiency, virulence, in vivo viral
load changes, comparative genomes, immune protection rate, expression of immune-related genes after immunization,
and virulence regression of the virus. The results showed that, when cultured in FHM, the viral titer of F110 strain
reached 10™' TCIDsy/mL, and no mortality was observed in largemouth bass when injected at a dose of 10* TCIDs/
mLx0.1 mL. Tissue viral load tests on different generations of strains showed that the viral loads in spleen and gills of
passaged strains F5, F45, and F110 were higher in the 7d than that of the 3d, whereas the viral loads of F90 did not
change significantly at the two time points, which indicated that the characteristics of the transmission strain F90 had
changed compared with those of F45 and F110. Comparative genomic analyses of the F5 and F110 strains showed that
LMBV-ZJDSS-F110 exhibited 10 mutations, of which 7 could cause changes in the coding region. Immunization trials
using both injection and immersion showed that the 10* TCIDso/mL concentration group obtained 70% immune
protection rate against the strong F5 strain. Gene expression of immune factors (TNF-a, CD8b, IgM, IgT, IFN-y) in the
head and kidney reached a peak on the 14d after immunization and was significantly higher in the injected group than
that of the immersion group, with the expression of /F'N-y was significantly higher. Specifically, the expression of /FN-y
was nearly 50 times that of the control group. The results of in vivo virulence reversion test showed that F110 did not
cause any mortality in 5 generations of blind in vivo transmission. The above studies indicate that LMBV-ZJDSS-F110
is a safe and effective attenuated vaccine strain, which provides a pathway for the immunization of largemouth bass
virus.

Key words: Attenuated vaccine strain; Immunity factor; Transmission weakening; Largemouth bass virus; Immunity
pathway
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