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(1. WAL A K BIEFERIT, A A F8 35 7 U b A B 77 L B e SR 60 2, WPV 4 F SR AR B 578 7R B S22, W 3130015

2. BHEEPE K K P R R S B R T T, B 201306; 3. WM ITVE 272 5 A Akl 22 B, W1 313000)

I S0 =08 & S A BT RS — MR G R G % OR PP R0 1) K 1 B8 B ek 0T R2 5 75 0k 75 Ak (LMB V-
ZJDSS- FllO) RV Z IR B AR B E L, SRR G 1d. 4d. 7dR28dIRF. . SK'EHSER,
AT 40 HE 2 R0 B AR W7, 45 R I DR EE AR T e A A R R A e e, L R B I R RS A 5
U R R BbAh, it — DR AT IR EE RS DK 11 2R (1 S YR P WL, 38 X Sk R A 1 B S 2HL 0 P (RNA
sequencing, RNA-Seq), & I %5 - 11 (1dF14d)14979F1 68914 % T FE R = B F 45 TS RME S s i@ i, an g i
F T4 R 72 R A0 AR . i DNABR A B I T 5508 1% fe s 4 s H1(7dF128d) 1 1693117584 2 7 B (A
W) = B AR T B S I B, TR AZ AR, BAHAESZ /A& . Fc epsilon RIS *5 A& Th1/Th24H i 73 44 55 18 %
S b, AR IR % o e SRR R B IR AR, 2 IO U I % o A G T T A, W TR AR B S AR A
FTEEGEREMNEE. TFAITRELIRF3. MX. TRIM25. NAMPT. DHX58. SRC. RSAD2. TMEM38HI
CANAFHFEATRT-qPCREGIE o 45 5 W R i S AL 7 AT mT St o B 90 K 10 B 1) 28 7 B Ll B2 1t 17

O, OB E (R — 2 O e 5 N P B E A

KPEIR: SR, e, ERER; RERM; KO REEEI R
SCEEHRES: 1000-3207(2025)06-062507-14

hE 4SS S941.4  THEIFRIRAD: A

K B fifi (Micropterus salmoides) SRR I fiy,
EFEI[[Z%U], H20tH 2280 AR I A [E LAk, E Ak
SR B K SR 2R AR SRR T B i
B 72 Ml R 2 i 52 3 K 11 B i ek TR 9 B 95 1)
7 54 249, 20 9 S K I B e 0T RS
(Largemouth bass ranavirus, LMBV), LMBV & X T
199 145 75 3% [5] B LA M 53 B8, S J T R
# Bl (ridoviridae) i 75 3 J& (Ranavirus)™, F—Fh
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N T IS Wi S KR AR SR T IS BR T2
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M2 — o H R, SRR T8 i B A 2 S
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9% T LT H 3 BUK 52 R (Major Capsid Protein,
MCP)fE AR R IE4EK, BIRLMBYV ) K
gt B IIDNAYE M, st
R B 2 A v TR O T B G A B R (Rela-
tive Percent Survival, RPS), {H [ A& 315 5 Mk AL L 14
R o ek, 2T AEXT R 1 R i 0T R o3 552 1 S
PN T, 22 82 A% WA R Ja R AR ] 8 4
PRI, (L W R U i 2 S WL e 2
il i AN T3, JUH SR 56 R A B A P 4 3 A A B
VE &5 T Th S Z PR N 95

FEDR I R I R B ek AT RE 9 25 93 ) 7 3R 9 7
MG IS, FRARAE 32 0 G S SLALR 2 A5 0 R
B 5% 4 ¥ (RNA sequencing, RNA-seq) e fiff 77 %
K] 2 35 R ELAE LR 0 0 e 77 i FE K P SR Bl v,
RNA-seqE T & 2% 118 £~ SR AAAH BLAE R
7 BB, CAET AR AR RS
TLMBV/R N JG K 1A 1) G 5 L2 5, FF 48 58
AT R 2 5 1200 BB gL I AR AR 2K G s RO ) %
BEIEDN ™ AR O R T R Y o A it
fiE 973 25 (Viral Hemorrhagic Septicemia Virus, VHSV)
5 T [ K SE 6 B U 4 2 AT RN A-seq 0BT, #8578
T RNA-seqE i& f7. 55 56 R Ho 2 R B A G 9% AH ¢
R R B S 2 A5 - 0 B VT 7 T A4 ) L A Y, X
L6 S TR T O R e A ) T Tt R 3L i K
THYIR GBS I TR e DY, SR, H AT
RAHITTZR G 73 W 55 5 1 B A JE OK 1 R BT 4
b R IR R IR A

ARSI 7 I R AN S AR ARETS W T VR &
TR SR Bk EE R (LMBV-ZIDSS-F110),
it — AR FEAZIE v R K 1 R K S A, SR
THIEfE1d 4d. 7dR28AIMFEAIFIAT T AL
PR R R R AR AN S 2 A i .
XELZRE 3 M, TRATTHH B2 R 0% 46 7 1 Dk B R R
SR AL B2, T D18 EHRGUR R
JEAR ) G2 S VB (AL 1) R B R R 2 A s

1 #RERZE

1.1 EZSEMH

RNA storef# # « 2xFlash SYBR MasterMix
(Dye). 2xFlash Probe MasterMix (Dye; b5 B At
), IR BCA A S (BRI, 18 P Z R RS
FR 22 7]); TIANamp Bacteria DNA Kitif 7l & ; 24 fi#
TB; 4%% 5 W ] 58 W (AL s = AR RH A IR 2
#]); RNAsimple Total RNA Kitif 77l &5 (At 51 KR 2k
B A BR /A 7); FastKing cDNAZE —4% 4 iRk 771
AL RAR AR A PR A 7)), TRIzZoNA & (3R

FEER /R BL 23 7] ); FastPure Viral DNA/RNA
Mini Kit V2 (Fd 52 ME B A= RS A B IR A 7).
1.2 IEHMERS

AT 5T AT FH ORI 8 B B V28 T T R K
FEIRNE Y, SRR 0I5 R AR U RN AT B 4 2 A TE 0
JRJE, i B T OK R RS 8 7714, W58k
18P 15 4 B A (13.042.0) gff13 7 78 3ili ) K 11 B fyf
3602, BEML BRI/ EH K AR, BEAT60E, 73
WE S A R, SHE SN ELN. &K
JE I M2 0, KR % i1 4E.(26.540.5)°C « - K [ B i
i 0T R 95 75 99 7% Mk (LMBV-ZJDSS-F110)3& i 44 4h
BRI T R,
1.3 ERRHEMESE

93 75 1 /& (TCIDs)i 1T Reed-Muench™ 5 2 11
B R IR HT, KA AR FE 0 2 AT W)
WG PE G . AR TG4 R, L AE 0 He e A P
F G (R4 2 19 10%° TCIDsy/mLAE N 28 g% K
SR . FE IE RS20 PR EE R L 10 TCIDSsy/
mLx0.1 mLA 5 & %34, 4H60E . [R5
G s ot A 0.6 5% 70 B AR B ER /K (R 0T R ZH 326
14 #HmEX&E

7E1dy 4d. 7dH128dmT, WA ZH Hh % Bl AT 4 Y
6B A TREACKAE, AHERTAE . AL B (] 1A).
6P 3R A IR . BRI L B H U 4% %
R €, BT A8 2, Horp R BG4k
B 4 2R T RNA store?d i, H T35 % 41437
HASEAMBFIE. AR Sk B 4 S0 R P o
Ja R 280 CHMT KINIRAE, T il
1.5 FEHERNRALFREZDH

P TR R R AT 10 R B J5 R FastPure
Viral DNA/RNA Mini Kit V257 & 347 1% BR $2 HX,
FRE I DNAf# FINanodrop 200030 5 ok FE 4l &7,
b J5 I LightCycler” 96 % 4 % i 4 & & # 47 qPCR
s, 5 R4 95°C TS M 15min; 3555 95°C AR
T3s, 60°C I8 K /AEH20s, FL40MEIR, B MK
R 5 F Al - BN Ll CHE 5 bn it il 2%, 1T 500
o, &5 R LU LA/ T DNA (copies/ug DNA)K
TNe KT R (1) 4 ZURE At N o e AR R
PR &) (B HEAT ) A AMHE e €8 )5, Rk
W, AT A LR
1.6 S RNARREL. MR RENF

MK T B A ) S ' 2H 2 H 4 B TRIzolvZ: $2 B
SRNA. IARNAFRE 5 i &2 /5, 18 FH Oligo (dT)#
BREHEmRNA. B4 FAImRNARE & # T Bk @it
W5 5 4 licDNA, 1X B8cDNAFE i T 44 # RNA-
Seq %, f# Fl Illumina HiSeq 4000°F- & #E47  F o
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W R S AL AT T uminall] /57 35 B E 336 5 AR IR
R TR A A 58 k.
17 EFFRIEEENTFESHEEES

JiR 46 W 5 A 28 0 ™ A 1 o == s S, 4
HISAT2" LUt 1)k 1 2 6 2 2% 5L K 41 (GCF_014
851395.1). ik PR Ml % 55 AN (1) 22 14 7K~ i i RSEM
(http://www.biomedcentral.com/1471-2105/12/323)
HHATE B . BAFEAN LS StringTie (v1.3.1)
%5, 25 7 3R IE KK 8 i DESeq2 (http:/biocon-
ductor.org/packages/stats/bioc/DESeq2/)i#t 17 43 #T -
FiPython ‘scipy’ #f-€l(https:/scipy.org/install/) T
KEGG (http://www.genome.jp/kegg/) & £ 18 1 737
&SN B 535 M Fisher K i A 36 U1, FE4
Benjamini-Hochberg (BH) 1282 1F £ i ™
R IE 5 PAE <0.05 (%) 38 6 D 3 I\ A A2 0 23 1k G o 72
o E R . R FHTEZE M EESTRING (https://
doi.org/string-db.org), H Cytoscape (V3.9.1)%] i i
() DEGs AT 7] L4k 73 #r, #4 2 PPIM 4%, I 4 F
Cyto Hubba pluginffi it % £ 71 (I HX 41 3 K] . Fi)
RSEMEAE I #2047 40 M7, v S AR HE R ()
RKikE. BRI HRIEEER B ATPME, b5 18 H
X EEHRAEAL B TPMAB EAT 2B 73 A, DAEDWL R ZR AN
[FAF AR L PR 2 R R T8 22 57
1.8 SCETRFEEEPCR (RT-qPCR)IEIE

N T PR RNA-seqéh SR 1 s 14, {8 FH RT-
qPCRIGUE T #7315 346 PR P mRNAZK - o 1% S JL
I 45 7 % 51 Y38 13 Prime Premier S¥it, JF @ T
FastKing cDNAZE —4E & il 1 S M RNAFE 5 A ik
cDNA. RT-qPCRSE 4 fdf FH 2xFlash SYBR Master-
Mix it 7| £ 7F LightCycler” 964 28 4T . #IGFF
2 AR 1195°C 2min; 95°C A% 1 5s, 60°C 38 K /1E

=
Day0 — 1P “IP “.IP “IP =IP =.IP
Dayl+—  (IL(S) =6 GLLLS) 6
Day4+——  (L(S) x6 (H(S) =6
it — D XD
Day2st —» (L) %6 GILLS <6

fH15s, 40 MG . K1 BT B-actinFE [ FHE NS
SEIR, E ARSI (A e kK P2 S kit
BIME B IE 1.

2 £R

2.1 LMBV-ZJDSS-F110RFkHREHE

55 R PR B OK T B S, A [ N () i 2H 200 B¢
BRI 45 5B TR, 7R 1dAN4dist, 3P4 23 (1% 75
BRI . 70, PR BRI A, TR SR
()75 T 8k IR A R B o 28dINF, R b )95 25 2
FEECRKCE, T ASL S R s 3 TR R
W B B TE AN R N TE] S & T AL B (B 1B).
2.2 AEEYESBLFEZ S

T LUK (5 B AR A0 W 52 0ok 2 AR T 3 s
AN 7 B 1) 6 WL () 82 1R, 75 9% f5 1ds 4d. 7dF1
28X FEARTEAORE HORBE B HEAT T 4 Z30 B2 73 Bt
(K 2). S50 EIR, fERTAEAL 2, o I8 2H 1 BT 40
sER e, FFRHES A HoE SRR . Bk %
Ja1d, IR DA HES 25 EL . 20 AR P B
%, Blad, LI G — 0N, (HAE7dR, 40
SEM RN — B K R B, 22 28di FE i X R 4H
Ko TERRAE A Sk B 2 rp, S IR ZH R B IE 7 1
YN T AR e R L By . R R A i e
1djte, PEAE A L BILEE [ PR IR SRR 5 o), HAEA 2
PEAN IR I (7 Sk AT ), 2£28d, BRAF S5 BB KR,
PR KY . fESK B A, 9% 1dR4d
T 441 e A A i O (7 Sk BT 7 )R 48 e HE 20 1) B
%, B 7diE, 40 O BT g, 2228dM, HL g5 f 4%
S DR N N S R N (TI= 13 /1N Y1 % S DSy = g e
S 2 W 42 3% W 1K e 20 ZATE G 5 B P I B ) H AR
PEFISRIE, BT U6 B AR R E G, Z228dI 2

B
8 -
¢ LAVL
~ Tk ] i LAVS
z LAVHK
Z
asrl
2510 o '
5 ?
°
g 4r i
B
S 37 °
2
2,1 {
1 1 1 1 1
1 4 7 28

Days

K1 SIS A AN RIRBUS A RIS 0 #3805 (B)
Fig. 1 Schematic diagram of the experimental design (A) and viral loads in different tissues at various days post-immunization (B)
HK 7R KB LRSI, SFR MRIE; TP i o

HK. head kidney; L. liver; S. spleen; IP. intraperitoneal injection
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I B ALK (B 2).
2.3 RNANFFIZESRRIEER S
NHE— RN T MR S I A ) S e
HIRIENEOL, A TR T S e AR IR K
%1 RT-qPCR 3|#/5%!
Tab. 1 Primer sequences used for RT-qPCR

SIAATR 515 )
Primer name Primer sequence (5'—3') Product (bp)
LMBV-F  ACTGGCCACCACCTCTACTC
LMBV-R  AGACACGTTGATGCTTGCGT 1024
LMBV-P  ACGCCCTGAGCCTCAACGATCC
DHX58-F GCACTATGTCAACGTCAATCCTG
DHX58-R CTCAAATCCCCATTCCTTGTTGC 143
C4-F ATGACCTTGGTTGCTCATACAGT
C4-R GCCAAGACTCCTTTTCCACTTTG Ho
IRF3-F TATTGAAGGGAAAGACTGCCCTC

145
IRF3-R AGCCATATTCTTCAGCAACTCCA

MX-F ACACGACAGACAAAGACCCATAA
MX-R ATGATTTGAGGTGCAACATGAGC
NAMPT-F CCTGTAAACACATCTGGGGAGAA
NAMPT-R TTCATCGAACAGCCAAAACAGTC
RSAD2-F  GACAGTTTTGATGAGGCAACCAA
RSAD2-R  TTGCGAATCTTGTGAAGGTTGTC
SRC-F TGGCAATAAAGACTCTGAAGCCT
SRC-R CGGATACCACAGCATAGAGTTGA
TMEM38-F GCTCTTAATTTGGGCGAAT
TMEM38-R GGATGGACACGATGTAGTA
TRIM25-F CCACTCATTTGTGTTCCCCTTTG
TRIM25-R  CAAAGAAATGGAGGAGCCACTTG

97

154

86

117

K2 LAVRBEASXIRARITIE. PIEMELERAZURT IS

1SR B Sk OB R i, SRR EE T 244 cDNATSC T, Wl P 45
FEIR, Q30MHHE H 7 L IITES. 1%L |, HANFIAE
o W A 5 2 2% 5 TR 4 B MAPR 75 82.1% —
96.86% (3 2).

I T BT (PCAYRFE T e si 2 AT R 40
TEAS RIS (8] 55 R R Rk 72 57, 45 R R PC R
7 50.84%) S AR S, T PC2ARFE T 14.04% M) j8. 4
Fto GRS AN E] S FEATEPCAK E 2L
T2 B a3 K52 1d. 4d57d. 28d2 [8] 1)
ZE SRR, R W ARG 5 1 R AT S A E
B X B TR 5 B [ 2 [ PR 500 290 A5 AR K
BT, AN . AE1dRIAd G 355 20 5 ) BB 4 A
b, =& fEPCIRIPC2 L (1) 43 A 4775 B & 43 5, 1
TAFA28d AT HEAH Lt 73 25 A2 FE WA X /N (B 3A)

R 2 Fe 263k 0 M, A 70 R B T A6 AR [ sk 1)
R RN A 2 (B () 22 5o 10 49791 R A
(26174 L1, 23624~ T 1), 4dH 68911 K (26664~
M, 42254 F ), 7df 16934 5 K] (6354 11,
10581 N i), 28d74 17584 3 [X (8284 i, 9304
TR, HoA 1dA4di 2= 5 2 R AR & T 7dR128d,
Xt RROR T 1 R ShES e M (E 3B).

24 EFFTEERNIGERESE ST

N TIRNG TS5 G095 [N I S ] J
VA B, A R 1dy 4ds 7dR128d 45 X IR
M2 FHEE AT TKEGGE £ 8. W& 407
TN, TR HEA(1dF14d), 6 R 9 d5 2 G adh g e vy,
WG T 24550 RVE B b OGPl i o 1% A5 2%

Fig. 2 Histological morphologies of the liver, spleen, and head kidney of LAV groups, contrasted with the control group
HR AR R 2 AR X3, 25 FOR IR HRKEOR Sk B 5 LR T SFRRIE; 40x

Arrows highlight areas infiltrated by inflammatory cells, while asterisks denote sites of necrosis; HK. head kidney; L. liver; S. spleen; 40x
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FEW R AGER L AR 15 515 T L e A MAPK/E 5 i # (MAPK signaling pathway). It4F,
RO, B A B AR 4 PR ——m A RS2 A4 AU AH S B8 45 1D H IR AR 2% (Glutathione me-
‘H AE H (Cytokine-cytokine receptor interaction). g tabolism)#¢ i 0% - [FIN, AN SO %2 2] 5 T4
J5i DN A 51 38 % (Cytosolic DNA-sensing pathway). K Y38 % (Human disease 80 7)) 7E fo 8 A I 35

2 HREANFHEER
Tab.2 RNA sequencing data
Sample Clean reads Clean bases Q30 (%) GC content (%) Total maped (%) Multiple mapped (%) Uniquely mapped (%)

dl_CIK 40542152 6.09E+09 96.69 48.86 96.80 9.50 87.29
dl_C2K 40609896  6.10E+09 96.65 48.35 96.71 9.20 87.52
dl_C3K 41011520  6.11E+09 96.16 49.07 96.86 9.20 87.65
d4 CIK 41126730  6.15E+09 96.04 48.24 96.50 7.52 88.99
d4 C2K 41888404  6.26E+09 96.03 47.66 96.18 8.07 88.11
d4 C3K 45719622  6.84E+09 96.07 48.27 95.63 9.08 86.56
d7_CIK 44564268  6.64E+09 96.21 51.57 96.59 10.09 86.50
d7_C2K 46646014  6.97E+09 96.17 47.77 96.11 8.29 87.81
d7 C3K 46287830  6.91E+09 96.24 48.93 96.37 8.86 87.50
d28 CIK 48486128  7.22E+09 96.06 46.86 82.10 6.46 75.64
d28 C2K 53547874  7.99E+09 96.16 47.57 89.27 6.99 82.27
d28 C3K 49556836  7.40E+09 96.22 46.73 88.16 7.06 81.10
dl LAV 1K 54203692  8.03E+09 95.22 49.04 96.47 10.66 85.80
dl LAV2K 48716648  7.25E+09 95.18 49.83 96.17 13.65 82.52
dl LAV3K 55620178  8.19E+09 95.41 48.44 95.64 9.95 85.69
d4 LAV 1K 44371682  6.56E+09 95.21 50.63 96.15 8.94 87.21
d4 LAV2K 49328124  7.25E+09 95.23 50.68 96.38 9.38 87.00
d4 LAV3K 48250552  7.08E+09 95.24 50.60 96.11 8.81 87.30
d7 LAV 1K 42810504  6.33E+09 95.16 50.04 95.85 9.33 86.52
d7 LAV2K 46816196  6.85E+09 95.31 49.41 95.71 9.06 86.65
d7_LAV3K 53979630  7.91E+09 95.31 50.37 96.02 9.48 86.54
d28 LAVIK 43832762  6.45E+09 95.19 49.89 96.33 8.70 87.63
d28 LAV2K 53676150  7.99E+09 95.18 51.23 96.68 8.38 88.30
d28 LAV3K 52061430  7.69E+09 95.10 50.02 96.22 9.13 87.09
A 300 vty © DaylLAV B aso0r 4225 [ LiAU
25l Y I DaylLAV a DaylControl 4000 ? - P
i o ¢ DaydLAV i X FiADown
201 | o Day4Control 3500 -
15+ : v Day7LAV ”
s 1 SDmasiAv 2 fae7 2666
=8 ‘ 4 a 2362 [
S D + Day28Control w 2500 -
= b B 2000+ §
O g
= K 2 1500 -
° 1058 408 930
1000 | 635
500
1 1 1 1 1 1 1 1 1 1 1 I O
—30-20-10 0 10 20 30 40 50 60 70 80 Dayl Day4 Day7 Day28

PC1 (50.84%)
B3 R Ry G2 I Sk AL AN ) B i) i B SR AL A
Fig. 3 RNA sequencing of head kidney tissues at different time points after immunization of largemouth bass
A. R FEFEAZARNA-Seq B4 IIPCA ST B. o2 20 -5 % RS ZHL7E A [ Af 1] 55 FRD 22 0 ik R B i AR I
A. PCA of the RNA-Seq data from different sample groups; B. Histogram of all DEGs in different times between LAV groups and control
groups



6 KRR Y R

2025, 49(6): 062507

B A, G T ) S S N b AT BE AR T
HERREIEH .

FE A L 5 7d, 38 L 98 N 2 3 A 1k B U
2238 B B 5 A O 1Y) 3 I 2 B0, 91 n BAH g
ZAKAS 5 18 # (B cell receptor signaling pathway).
X — B B, 5 K S 2 08 B 10 3% BR AR BE A BT T B,
TN G BT A T A . 7R S S I 284,
X B 3 SN AR DR IE R . BN, B IgA AR
&I He 9% Y 2% (Intestinal immune network for IgA
production). B2 {£&(% 5 il 2% (B cell receptor si-
gnaling pathway) 2 Fc gamma R4\ 5 1% W /E H (Fe
gamma R-mediated phagocytosis)“5 il % i 3% &
TR RE A G B RS o [RI, AR A DG B

% fige /4 S5 A= 38 % (Glycolysis/Gluconeogenesis) 7L 4
P A E SRR RR R . BRSRE, e Kk
T P52 I S AH O 1R 38 % 3 LA b A s BT, R
o955 B 56 R S 988 I SR HE 32 BEATE O R g
H G PR T8 B (A E AR ) 78 S o A AN 5 3 2
A, AT AE JC I8 1% (2% EUbR ) 78 B[R] HEFS A 2 30
HH TG 0 AR, 7R RS S i R I B
2.5 REMAHEHEXERPERE ST

e — 2 4 W G 98 i AR ORI R B 2 R 1 g
B A AT Tl s AR 1) 2 e RIS SR TN, AR AL
FH#VE 7R 1 Mo i DNAJER I8 2 . 41 i IR+ 5 4
RS2 A AR AR DA A A0 )% T (Apoptosis) B S H1
DEGsR BB (K] 5). TEHEH I (1dFI4d) M T

Dayl

Day4 Day7 Day28

) o ) ) ) ~ Ribosome
Viral protein interaction with cytokine and cytokine receptor
Chemokine signaling pathway

NF-kappa B signaling pathway

Phospholipase D signaling pathway
~Phagosome

PI3K-Akt signaling pathway

Hematopoietic cell lineage

Natural killer cell mediated cytotoxicity

B cell receptor signaling pathway

Fc epsilon RI sitgnaling pathway

Fc gamma R-mediated phagocytosis

Intestinal immune network for li _production
. eishmaniasis

African trypanosomiasis

moebiasis

Staphylococcus aureus infection

. Tuberculosis

Epstein-Barr virus infection

Coronavirus disease - COVID-19
Transcriptional misregulation in cancer

. . Asthma

Autoimmune thyroid disease

cumatoid arthritis

. Allograft rejection

Primary immunodeficiency

DNA replication

‘Mismatch repair

MAPK signaling pathway

Cell cycle

Axon guidance

ECM-receptor inferaction

. Progesterone-mediated ogcyte maturation

AGE-RAGE signaling pathway in diabetic complications

Diabetic cardiomyopathy

Profeasome

Prion disease

Parkinson disease

Amyotrophic lateral sclerosis
Huntington disease

. o Alzheimer disease
Protein processing in endoplasmic reticulum
Aminoacyl-tRNA biosynthesis

) Qjmocerebellar ataxia

Cytosolic DNA-sensing pathway
Nucleocytoplasmic transport

Pathways of neurodegeneration - multiple diseases
. . . Spliceosome

Ribosome biogenesis in eukaryotes

Ferroptosis

Cytokine-cytokine receptor interaction L

P adjust
0.04
0.03
0.02
0.01
0

Number

e 10
® 76
0
° ® 20

)\

AT NN,

Rich factor

" 0L O DO © L B
NEANENGN SR NN N
Rich factor Rich factor Rich factor

4 FB SR E ENKEGGIE IS M & R 4 i
Fig. 4 Enrichment of KEGG pathways and distribution of rich factors across different time points

A FSRES ARG DR S 28 SR ORI DGR R L3R AW RGO O, Horh 1538 R VR S B R R EBRHEAT 1A 5t

ESAEI N AEPSY S P ST

The color annotation is based on the functional classification of enriched pathways: green represents metabolism pathways; red represents

organismal systems pathways, with pathways relate to adaptive immunity highlight in bold; blue represents pathways involved in environ-

mental information processing



6 3

BB T RSN IS RN E R R RN K T AR A P G B R AL 7

BRI CYCRICASP3. CASP7. CASP8. CASP9Y,
Ji JFi DN A 138 B8 1 B9 IL 1B IRF3MSTING, 48 il
IRl -F- F 40 e (R -7 32 A AH BAE I W B IL-6+ TNFSFS .
IFNAR2FL 1052 K 23 1, TiCXCL12+ CCR2.
TNFSFI05FE R B35 T . SR, 75 %% 1
(7dF128d), 1% Lo L PR ) 0k 5 0t R ZHAH LU i B3
ZE5.

5 58 A G 2 A O L ERIAN [, 3 o7 1 B 3 A O
FEDRLE 9% 1 HF s 3 (7dA128d) 2% B HE AN Xk HE ) S5
# 75 . 1EFc epsilon RIfE 5 18 % F1B4H i 52 745
S A IGHV3 33+ IGHV3 74RIGHVII4{ETdIT

G2 B, IFHRSE5028d, Thl FITh240 44438 1%
FITL M SZAAAS S BB I TRAV. CD8A%S: kg F [N

Cytolkine-cytokine receptor interaction

CXCL10
CXCLI3 ~

TNFRSF5
TNFRSFI12A
XCR1
CSF2RA
IL10RB
EBI3

LIFR
TNFRSF1B

TNFRSF19L
IL13RA1
AMH
BMPRIB
TNFRSF11B

CR6
CFAP53_LIFR
L4

TNFSF10

¥

FYSYS
SRR

K5 SR G B A S S0 B (20 81— 00 D T 5 32 A4 A AR
Fig. 5
expression heatmaps across different time points)

ILI3RA2 4
EPO
THPO -2

CXCL1 2 3 -0

TE4dIT 46 23 (A 6).

1E A % fift /W% S 22 38 % ', GAPDHS. LDH.
PGKZ5 < B 5 R 7E o 58 41 B A 7] i 18] 55 340 R
R X R I G AR PG R . TEA
H R A I B TP, GOLMZS 36 PR #E %0 2% B 1 (1d 0
4d)tB R B EiR ks 7R E IR A B E RS
%, CCBLA CTHZS FE R 7E S 2 - I (1d14d) [H]
P BT LR 7).

BEAL, ASHIF F0Hs G2 S 140 B 1) A 49 o B s
FHA(1dFI4d) i Ge 2 s B (7dF128d), KX P9 43
e [ R 4 117) 22 S BE PR R 408 B R F STRING R 47
PPIA 2% 43 #1 . i id CytoHubba degreei’ £ 44 wil
SOMT hubdit R, 1 ] 8FT 7k, oy AH G K [, 0, 4%

Cytosolic DNA-sensing pathway

o
F

. - CCL4

RPABC1

K

-2

l GADDA4S
CAPNI
GZMH
1

CTSS 0

I'*l

| B

-2
-3

IS5 DN JER 308 5 % 1) T30 B A [ ) A 1 S )

Innate immunity pathways (such as cytokine-cytokine receptor interaction, cytosolic DNA-sensing pathway, and apoptosis pathway

LAV. &4 CXTIRA, A ORR mRE KT AORRPEREKT; EORRREREKT; TH

LAV. immune groups; C. control groups; red indicate a high expression level; white indicate a medium expression level; blue indicate a low

expression level; the same applies below



8 KR W)

fj4 2025, 49(6): 062507

HSP90A~ VCPHIHSPASHE % N %% 5 HAIDEGs [
PPI 2% w4 17 34N A% 0 JE [N o GAPDH. FNIA
CXCLI10%E 15 e Ja BT 3 /M Z 0 A
2.6 BidRT-qPCRIGIUEEE RAHIFEHI AT E

ik — 25 B IF RN A-seq B35 1 o] 54, ARHF 5T
§fii% T IRF3. MX. TRIM25. NAMPT. DHXS58.
SRC. RSAD2. TMEM3SFIC4JLA~#E A, FI FHHRT-
qPCRAF X LEFE K 7E 1d. 4d. 7dA028dfK) AH X ik
T T AT (E] 9). 81k F i e 5 (R 1 AH 6 R 0A
/K-F 5 RNA-seq 48 #E 17 %t £, 45 R 2 7RRT-qPCR
5RNA-seq [A] & # Be A — 2, K FE | RNA-seq#l
P mr S

3 iTig
3.1 HEHHRLMBV-ZJDSS-F11051 X [0 2 65 {7
IFER

AR, LMBVGE K B 32 il ik 7 BoK
g wea ™, KA H B OF —Se W LMBV 2

T cell receptor s1gna11ng pathway

LCP2A I 2

VAV3 5
TRAVI4 0,
TRAV41
1 TRAVI2-3 73
TRBVS5-1
CD3E
LCK
CDSA
CD3D
§ Rac
' TRBV

=ik

Ko TaIM=2AES

IGHV4 38 2
IGHV3733™
IGHVXIG14
IGHV914

M. BAIMZAA(E S

JE# . Fc epsilon RUE 5

RILIE

BT, (I 928 1 i oA i b Ak, DG T 8 1 e ol
J E AR G AL IR SR X A R . A S0 it
A AL ARG TR I EERLMBV-ZIDSS-F110,
R EE BRI et MR R . AR
R FHZI AR K 1 SR A 3R AT B v 5 %, IRAE
%EFld\ 4d. 7dAI28dA I Bk &, R I I

20 295 B 2 43 BT PR 0 987 PR 9 R 0 T R
um P B AR 1A A R, TR R R Sk
B 108 25 3 TR S g BT B, R B ] RE IR T
TEBRA A R R R . A ZURE R EBOR,
G358 J5 IR BRI AR Sk 1 AR A (A8 PR R AR
FONETAFF UK, FN28di L2 30 5o I 21 1 5 7K
o AR T A 2R 5 BRA T P SIS 8] (7d) R BAAE S
Rk H T A THINV £ 0K A2 F 1) (280 i 3 4 4
BEAR, S APC A AT it — S BR0AIE T 2 SN 11 3))
AILHE, BRI o 5 L FE AR TE 1 dRI4d 5 0] B AR
b2 3 03, M 7dF128d 2 5513 5 PRAK, X 5 4 20

SRR —8. DL b L85 3R I OB B R AE 0 R B

Fc epsilon RI signaling pathway

UM IGHV3 21 I%
. | MAPKI3 [
IGHV3_11 0
ALOX5A %
LCP =)
SOS VAV3 3
IGHV3_30 3
IGHV6_96
IGHV3 74
IGHVSA
IGHV4 38 2
IGHV3 33
IGHVXIG14
IGHV914

Thl and Th2 cell dlfferentlatlon
STAT1

I I JAK2 [
-T IL12B I%
| TRAV 14 0

M JAGIB

B n |I TRAV41 I—z
uTRAVI2 3 M3

TRBV29_1
TRAC
I | TRBV
DLL4
MAPK13
LCK
[ CD3D
| CD3E
[ | MHC2
CD3Z
TRBVS 1
TRBCI
TRBV6 1
CD179a

@ % K Thl.

Th240 il 73 A4 AE 5 9% 21 (LA V) FIR R ZH.(C) 3k R

Fig. 6 Gene expression heatmaps of T cell receptor signaling pathway, B cell receptor signaling pathway, Fc epsilon RI signaling pathway,
and Thl, Th2 cell differentiation in immune groups (LAV) and control groups (C)



6 3

BB T RSN IS RN E R R RN K T AR A P G B R AL 9

G RE JE R AR T E RN, o R4
PEAALZA 52 M. AHTFTE O K AR BT LMBY
Bk 25 R (1 G 28 B B4Rk T 4D I B S A, A
LMBV & B [ 3E — 35 IF A MU, $ fit 1 3 22 (R R

Glycolysis/Gluconeogenesis

frmA
pgm
GAPDH
ALDH
TPI
ALDHIA1
ACSSI 2
PGAM
MINPP1
ALDO
GPI

LDH

ALDH7A1
pfkA

PK

PDHB
DLAT

P o
32 BRASMBTIEESHRTAOZRPTERER
3 AL

9% T A OPE 32 AR AE B TR ) S 3 e
Glutathione metabolism
N
B
gpx 0
ANPEP

1
RAPIGAP l:%
GGTI_5
CARP
speE
RRMI
G6PD
IDHI
E4.1.1.17
LAP3
GCLM

ggt
GPX4
GST

s
g
!

A A A A
vsvv@v'@v,@?
N4 ¥ N

Cysteine and methionine metabolism

[ | BHMT 3
mmuM %
| | | LpH 0

CDO1
mtnA
metH
speD
CTH
metK
serA
serC
LACCI1
IL411
CCBL
SDS
speE
TST
GCLM
mtaP

B 7 WETRAR R A R A3 I H R Qe B K~ I R AN SRR A B 7E S S ZEL (L AV )RR IR 2L (C) B AN ) B[] 2k PR e 4

Fig. 7 Gene expression heatmaps of Glycolysis/Gluconeogenesis, Glutathione metabolism, and Cysteine and methionine metabolism path-

ways in immune groups (LAV) and control groups (C)

K8 LAVARZEF 5 %t e BI3L R DEGs PP1
Fig. 8 PPI analysis of co-regulated DEGs in the early and mid-late stages of immunity after LAV vaccination
PPIF & o 2 3 G e (A A S b S I(B); 19 U /i3 log2(fold change) M, 19 s R/IMUZ IS F B9 43 1H
The PPI network shows the early stage (A) and mid-late stage (B) of immunity. Node color represents the log2 (fold change) value, and node

size corresponds to the interaction score



10 K A& E ¥R 2025, 49(6): 062507
5 R RRIRE S ERY. B R, 55 TLMBVEE 1 Gl o A TR S s A . Atk -6 AT i
B FEARRT LD o I i S 4H A A, FRATTAE AN ) PEgMALAR = 24, T s A D, B TR PR

i} 8] A IDEGs#HT ¥ KEGGIE IS0 #T, KI5
6 R e % HH 5 I8 % I DEGSTE 7 1 (1dF14d) &2

= (I SO SV W R IR S N
B EAC . cGAS-STINGIE B £ 15 i ML 5T 7

BEDNAJF il T 2 T4 = AFN- DR BN K5 T
SRR R, FEAHT 9t o, 1238 BR R 56 22 R (o
ILIB. IRF3. STING){E#J%)51d. 4de3% L, /&
K B fyieh ) STING [RJ§ 25 1 O B BEH0S T4
FR, MITTHEEATLMB VLB s 117, cGAS-
STING# i 7] fig 75 Ik 75 % 14 75 T e R e h Ik
PEROAER] o B 1 X993 R A R 1R ), 40 B IR (cyto-
kines)7E %% s B () W 3 it AR o TL-602 —
FhCE AN T, B3 5 St 400 OB, i 5 B4

A R 205 5 R 2 MR 007 A Sz vh 5%
FIIL-67F 9% 5 1df4d 2 35 i, T RER LR
1 B G 28 1 285 HH O I 2 R AL R 1 B AR A
TNFRSF5 X R CD40, 5 %% 2 N 15 40 50, 78
AWFFUH, JREFE P T %% J5 1d, TNFRSFS®. % L
i, 33X 55 K B B T S K PR IVHS V
(RIDNAZE 1 G s o 62 o 0 2 31 1y 48 SR — 3%, b —
R AP R EEEH . FE, IL-12.
CCLI19+ IL-10F1IFNAR2Z 4 IR 1 32 35 b gk
— 35 3R WIIRET 9% W % M A R 0 0 1E
56 R 248, MCXCLI2. CCR2. TNFSF10
3% T, X5 Xu W S LMBV AR HLIK G
) G P28 s S KH — B, FT AR g 20l R I I sk

8 6 IRF3 8 0. MX & TRIM25

§ = qPCR § 1 qPCR % 1 qPCR

§ St - RNA-seq é- 81 - RNA-seq é« 4 - RNA-seq

[ 4 L o o

o o 6 o 3

2z 3l Z Z

= = 4t = 2

2 2t 2 2

i ol e 2f g 1

) B, S :

®O T = K 1T ® I +

' . . . ) . . . . ' . . . ,

e Dayl Day4 Day7 Day28 &= Dayl Day4 Day7 Day28 & Dayl Day4 Day7 Day28
Time (d) Time (d) Time (d)

& g NAMPT £ . DHX58 £ SRC

172}

g £ qPCR H 1 qPCR ] = qPCR

g 61 - RNA-seq g 6 - RNA-seq % 6 | - RNA-seq

(o] o o

2 4} Z 4 z 4

5 = =

£ 2t 2 2f 2 2

2o + 20 oo = + t

&’ T & ®

o . . . . ' Lo . . .

z Dayl Day4 Day7 Day28 E Dayl Day4 Day7 Day28 z Dayl Day4 Day7 Day28
Time (d) Time (d) Time (d)

8. RSAD2 £ 4 TMEM38 8 5 c4

z 10 1 qPCR 4 = qPCR 3 . = qPCR

= o — =

& - RNA-seq & 2t = RNA-seq & - RNA-seq

o 8¢t 5} o 3

2 2 -

E 6 z 0 s 2

= = =

il 2t ul I 0 v

= b [y 54 - L

i3 T K .

) : : X -6  E2 : : : :

= Dayl  Day4 Day7 Day28 z Dayl Day4 Day7 Day28 = Dayl Day4 Day7 Day28
Time (d) Time (d) Time (d)

B9 RNA-seq##ft i1 30iF R A T RT-qPCRJTi%
Fig. 9 Validation of RNA-seq data using Real-time gPCR

FEIR Bl % 7R RT-qPCRIM 45 B, 28 2% R 7N RNA-seq ) B4 ; % 9% )5 A RN (8] s (1d. 4d. 7dF128d) IRF3. MX. TRIM25.

NAMPT.

DHX58+ SRC+ RSAD2 TMEM38HIC4FE I HIXE ik K5 15 22 2R m bt 2
The bars represent Real-time qPCR results; The lines represent RNA-seq data. Gene relative expression levels are shown for IRF3, MX,
TRIM25, NAMPT, DHX58, SRC, RSAD2, TMEM38, and C4 across different time points after immunization (day1, day4, day7, and day28);

Error bars indicate standard deviations



6 31 it RS R TR SR AL BT AR ST RN B R AN K 1 AR 1Y) e B TR A L 11

DR~ RO 1245 5 R B 1 FE 1 900 S I, ] R Je ik
T RPE RGO T R R R ER . 2
a2 5 1, X L R 5 0] I 2 1 22 BT/

FERRGLAT I, 0 B TR B L B . 4
HBFads K s i oA EEAE Y. ERRL
fitf (Caspases, CASP) & — R AE4H M T Hh g 5 1% O
YE ) 8 1 1, 40 i £ % ¢ (Cytochrome ¢, CYC)if
b O R A&l B A 3 S SRR T RR R, 1R
fi PR R AR T RIS R E ™. LMBVI&
i FIE A R (MsF) J5 G 7 CASP3RICASPS,
{H I R 0% CASPI™ . 1E AT FL T, Ak G0 S5
1A 4di}, 3 T2 B P CYC. CASP3. CASP6.
CASP7. CASP8. CASP9Y:)% 1-iff, i 5 it
FIAL 0 250 B 40 V0 e o 1 5 2 B 1L 4
— 550, 2 I I 20 O T R A SRR e 4 A e
87 e B e AR, 1 T RE A S R OE
S R TR AR S B G B
3.3 HERESTERBEIERT KA OBHEN MR
R IR0

PTG B f0 2 3 R G R 40 E EAR T
BT i AT L ¢ o ™Y, A< 0F g ik % % 40 4 b
RIL, 1E 5% b 1 (7dA128d), S Fe epsilon RIFIB
Y it 32 445 5@ B . Th1/Th24H A 2> 44, 38 #% A2 T4H
i 52 4438 % A % U DEGs &2 # & 45 . 4R, Th1/Th2
S 0 43 A 308 B RO T 40 52 A B85 v 22 A JRE R ) 3R
AR, BFETRAV. TRBV. HIFKHICD7T(CD3.
CDSAMICD179), FEALI I G178 ok 75 52 1 A IR A
P T G BB 10 AR IR VE A B e K B )
K B A R e e T R0 B O T e R B IR
2 B TCRIE B AH 5 36 [H] 1) 3R 08 2 PR AR AL T & — Fb
B UL K G 25 ) 7 A X, (E TC R B 8 28 1 5 b B B
Bedma i B AP ATE 2. G ERE A (g2 Pt
I3 SR B 9% 5 I R LR Ay, e AT IS 2 R LA R
VEAEFH, B FE (2t B v g s B i ik . P RIEE R
T 7 K 0 R Bk i R . E AT L R, Fe
epsilon RIFBAH il 52 4445 5 3@ B% 1 () IGH (%L Bk
A E A S )M Ad T 46 B 3% B, FRAETdIA
FIEAH . X —E5 R, KO R o 9% ) B
SRRV € SR S N b CEBUR A 8 S & b T VAR LY e}
FHRPURE ST, X AT BEAE K D B ] DLAE 5 2 40 8
i I R AR BT RE ST IR R 2 — .
34 EHREASTBRBEHERIT KO ELNK G EE
oAl

PR AR — 2 AR hE ™, BB
SR G A i R AR R e, IR N 4R RE LT AR S MR
AT H B AR SR, 3 T 2 G 2 A ) A R

w5 AR AT O, W AR I 1 5 R IR (i
TPI. GAPDHS. ENO. PKFLDH){E & 4% J5 4d.
TdA128d35) I R, 2 B I A AR L AR B R
TR I e S S R T AR . A
H IR AR 2% CE P TE T . 4 A Y (3
T ST F S R R R AR e R Y, fE
FIIREFE AR, 2 T TR B o R 1 31 4 e s
A, - fink B 6T £ 15 R [ (Nocardia seriolae)l
Gty S S S FEACHIF T e, A8 I H AR 1 8 B
HIIGCLM. G6PD55 8 B R Rk b, 1X 3% Bl
T 5 0T R I8 1208 B T G B, LA N6
JEARIR G . AR & RS FE i HE cGAS-
STINGH 4 I, 5t 2 484 38 10 Fob 88 492 s I 7
TEAT A, P 2 R A0 B R A U 3 I v (1) O
BRI N CTHAE S O BB R, R B T RefE 7L
IR SE R S e R rh R 4% AR, ALY

k5 ST IR
4 ZEig

A FEIRN A HT T K 0 S el 0T R 95 753 0k 75
PR(LMBV-ZIDSS-F110)%} K [ 22 fiff 628 I 25 1] 5
Mo B 9045 SRR B, Ik B AN B Rt B it e
PR, T ELG i AR 20 U AE G 5 U e
3, FERED R K T o I B Sl AT, AHIE UM 5%
FIFE G N I LA, S R e 5 i@ A B 0, Bl
5 I TRV HE RS G088 I S8 A0 3 ) I S S . LB Ah,
EAFRM B, REigAEMEEEZSEESE, KT
R TE G s Tk B HpOnE R R U T 1 T R AR
1o ok FE IR o B PP R R T W R R
B &P g AR AR 2 AN B, XA IR R
K 11 R8T RE 7 B 9B R 155 3 0 OR3P I AL o) 12
BT B SCRERH R LA .

(TE& 7 B A SR & S BEEEK)

SE 3 Hk:

[1] Plumb J A, Zilberg D. Survival of largemouth bass
iridovirus in frozen fish [J]. Journal of Aquatic Animal
Health, 1999, 11(1): 94-96.

[2] Luo X W, ShenJ Y, Yang T, et al. Isolation and identifi-
cation of largemouth bass ranavirus from Hubei Province
[J]. Journal of Fishery Sciences of China, 2022, 29(3):
494-502. [FIRSE, LR E, PHVE, 5. —HRIIALIER 1
Sl B 1 20 B4 8 [J]. KRR, 2022, 29(3):
494-502.]

[31 Dong H X, Zeng W W. Research progress on largemouth
bass ranavirus disease [J]. Chinese Journal of Virology,
2022, 38(3): 746-756. [EEFE B, W AH. K M1 2 T T
F0w w0 AT S R (7). 0% # 25, 2022, 38(3): 746-


https://doi.org/10.1577/1548-8667(1999)011<0094:SOLBII>2.0.CO;2
https://doi.org/10.1577/1548-8667(1999)011<0094:SOLBII>2.0.CO;2
https://doi.org/10.12264/JFSC2021-0481
https://doi.org/10.12264/JFSC2021-0481

12

KR R

2025, 49(6): 062507

(4]

[5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

756.]

Grizzle ] M, Altinok I, Fraser W A, et al. First isolation
of largemouth bass virus [J]. Diseases of Aquatic Orga-
nisms, 2002, 50(3): 233-235.

Mao J, Wang J, Chinchar G D, et al. Molecular characte
rization of a ranavirus isolated from largemouth bass
Micropterus salmoides [J]. Diseases of Aquatic Orga-
nisms, 1999, 37(2): 107-114.

Yang Z Z, Lin Q, Fu X Z, et al. Molecular epidemiology
and histopathological analysis of largemouth bass
ranavirus [J]. Journal of Fisheries of China, 2022, 46(6):
1063-1073. [#J&J&, MRk, A1/, &5, KRR ek
T T AT SR B B (D], KR AR, 2022,
46(6): 1063-1073.]

Zeng K, He J G, Weng S P, et al. Transmission, host
range, temperature sensibility of infectious spleen and
kidney necrosis (ISKN) virus from Siniperca chuatsi [J].
Virologica Sinica, 1999, 14(4): 353-357. [ % i, fa] & [,
BT, S5 AR G R IR IR AL B (ISKNV) G ig 42
T8 38 Bl B o i B U i A 5T (9] o D 7
1999, 14(4): 353-357.]

Liu X, Zhang Y, Zhang Z, et al. Isolation, identification
and the pathogenicity characterization of a Santee-Cooper
ranavirus and its activation on immune responses in juve-
nile largemouth bass (Micropterus salmoides) [J]. Fish &
Shellfish Immunology, 2023(135): 108641.

Fu X, Lin Q, Liu L, ef al. The pathogenicity and biologi-
cal features of Santee-Cooper Ranaviruses isolated from
Chinese perch and snakehead fish [J]. Microbial Patho-
genesis, 2017(112): 269-273.

Xu F, Lu J F, Wei Y W, et al. Characterization of an
iridovirus isolate from largemouth bass Micropterus
salmoides [J]. Oceanologia et Limnologia Sinica, 2020,
51(1): 156-162. [VFUg, F K, Bk, 55 — PR R
fifi (Micropterus salmoides)iL % 9% B¢ (Iridoviridae) 1 77 55
K %58 (7). FPES I, 2020, 51(1): 156-162.]

Zhao R, Geng Y, Qin Z, et al. A new ranavirus of the
group
(Micropterus salmoides) culture in southwest China [J].
Aquaculture, 2020(526): 735363.

Gong J P, Pan X Y, Lin L Y, ef al. Establishment and
application of TagMan qPCR method for largemouth bass

Santee-Cooper invades largemouth  bass

ranavirus [J]. Chinese Journal of Preventive Veterinary
Medicine, 2022, 44(5): 508-513. [JL &M, W& E, i &
=, B K ORGSR # TaqMan 78 % 58 S PCRAL I /7
IEREE ST S R (9], b T R A A, 2022, 44(5):
508-513.]

Jiang N, Shen J, Zhou Y, et al. Development of a droplet
digital PCR method for the sensitive detection and quan-
tification of largemouth bass ranavirus [J]. Journal of
Fish Diseases, 2023, 46(2): 91-98.

Wang Q, Li K B, Zeng W W, et al. Progress on viral
disease caused by largemouth bass ranavirus [J]. Progress

[15]

[1e]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

in Veterinary Medicine, 2011, 32(2): 73-76. [ JK, Z=Hl
¥, Wi, &5 KO RN R (1] 509
B2, 2011, 32(2): 73-76.]
Ma D M, Deng G C, Bai J J, et al. Prokaryotic expression
of MCP gene from largemouth bass ulcerative syndrome
virus and the immune effect analysis of recombinant
protein [J]. Biotechnology Bulletin, 2016, 32(8): 139-144.
[(Eh &M, MBI A, FRA, 5. R BE 55 45 S 1 7
MCPE K 1) Az 3 ik N 340 3R S B ROR I b
[7]. AEMEARIETR, 2016, 32(8): 139-144.]
Gong J P. Development and immune effect evaluation of
largemouth bass ranavirus inactivated vaccine [D].
Zhoushan: Zhejiang Ocean University, 2022: 41-49. [T
. ORI R e TR 7 K T RO ) K g
BCRPENY [D]. AF 1L WHTHEE K2, 2022: 41-49.]
Yi W, Zhang X, Zeng K, et al. Construction of a DNA
vaccine and its protective effect on largemouth bass
(Micropterus salmoides) challenged with largemouth bass
virus (LMBV) [J]. Fish & Shellfish Immunology,
2020(106): 103-109.
Jia Y J, Guo Z R, Ma R, et al. Protective immunity of
largemouth bass immunized with immersed DNA vaccine
against largemouth bass ulcerative syndrome virus [J].
Fish & Shellfish Immunology, 2020(107): 269-276.
Jia Y J, Xia J Y, Jiang F Y, et al. Antigenic epitope
screening and functional modification of mannose
enhance the efficacy of largemouth bass virus subunit
vaccines [J]. Journal of Fish Diseases, 2022, 45(11):
1635-1643.
JiaY J, Guo Z R, Ma R, et al. Immune efficacy of carbon
nanotubes recombinant subunit vaccine against large-
mouth bass ulcerative syndrome virus [J]. Fish & Shell-
fish Immunology, 2020(100): 317-323.
Wang Q, Liang X, Ning Y, ef al. Surface display of major
capsid protein on Bacillus subtilis spores against large-
mouth bass virus (LMBV) for oral administration [J].
Fish & Shellfish Immunology, 2023(135): 108627.
Yao J Y, Zhang C S, Yuan X M, et al. Oral vaccination
with recombinant Pichia pastoris expressing iridovirus
major capsid protein elicits protective immunity in large-
mouth bass (Micropterus salmoides) [J]. Frontiers in
Immunology, 2022(13): 852300.
Hwang J Y, Kwon M G, Jung S H, ef al. RNA-Seq tran-
scriptome analysis of the olive flounder (Paralichthys
olivaceus) kidney response to vaccination with heat-inac-
tivated viral hemorrhagic septicemia virus [J]. Fish &
Shellfish Immunology, 2017(62): 221-226.
Sudhagar A, Kumar G, El-Matbouli M. Transcriptome
analysis based on RNA-seq in understanding pathogenic
mechanisms of diseases and the immune system of fish: a
comprehensive review [J]. International Journal of
Molecular Sciences, 2018, 19(1): 245.
Xu W, Zhang Z, Lai F, et al. Transcriptome analysis


https://doi.org/10.1016/j.micpath.2017.10.005
https://doi.org/10.1016/j.micpath.2017.10.005
https://doi.org/10.1016/j.micpath.2017.10.005
https://doi.org/10.11693/hyhz20190800163
https://doi.org/10.11693/hyhz20190800163
https://doi.org/10.1016/j.aquaculture.2020.735363
https://doi.org/10.3969/j.issn.1008-0589.202109001
https://doi.org/10.3969/j.issn.1008-0589.202109001
https://doi.org/10.3969/j.issn.1008-0589.202109001
https://doi.org/10.1111/jfd.13721
https://doi.org/10.1111/jfd.13721
https://doi.org/10.3969/j.issn.1007-5038.2011.02.018
https://doi.org/10.3969/j.issn.1007-5038.2011.02.018
https://doi.org/10.3969/j.issn.1007-5038.2011.02.018
https://doi.org/10.3969/j.issn.1007-5038.2011.02.018
https://doi.org/10.1111/jfd.13686
https://doi.org/10.3389/fimmu.2022.852300
https://doi.org/10.3389/fimmu.2022.852300
https://doi.org/10.3390/ijms19010245
https://doi.org/10.3390/ijms19010245

6 pits

Bk LTI SR ) ek T ORE P B T oS K 1 SR ) S B TR L ) 13

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

reveals the host immune response upon LMBYV infection
in largemouth bass (Micropterus salmoides) [J]. Fish &
Shellfish Immunology, 2023, 137: 108753.

Du X, Li Y, Li D, ef al. Transcriptome profiling of spleen
provides insights into the antiviral mechanism in
Schizothorax prenanti after poly (I:C) challenge [J]. Fish &
Shellfish Immunology, 2017, 62: 13-23.

Wang C X, Pan X Y, Zhou K X, et al. Effect of in vitro
passage on virulence of largemouth bass (Micropterus
salmoides) ranavirus [J]. Journal of Dalian Ocean
University, 2023, 38(4): 623-629. [E M JH, W&HE 2, H AT
Jo, &5 AR AME AR R I B e TR 75 2 R 2 D 5
W [J]. RO RS54 4R, 2023, 38(4): 623-629.]

Reed L J, Muench H. A simple method of estimating fifty
per cent endpoints [J]. The American Journal of Hygiene,
1938, 27(3): 493-497.

Kim D, Langmead B, Salzberg S L. HISAT: a fast spliced
aligner with low memory requirements [J]. Nature Me-
thods, 2015, 12(4): 357-360.

Chen S Y, Feng Z, Yi X. A general introduction to adjust-
ment for multiple comparisons [J]. Journal of Thoracic
Disease, 2017, 9(6): 1725-1729.

Meng X, Chi H, Zhang Z, et al. Transcriptome analysis of
peritoneal cells reveals the early immune response of
flounder (Paralichthys olivaceus) to inactivated Vibrio
anguillarum immunization [J]. Vaccines, 2023, 11(10):
1603.

Kong W, Cheng G, Cao J, et al. Ocular mucosal home-
ostasis of teleost fish provides insight into the coevolu-
tion between microbiome and mucosal immunity [J].
Microbiome, 2024, 12(1): 10.

LiuZF, JiJF, Jiang X F, et al. Characterization of cGAS
homologs in innate and adaptive mucosal immunities in
zebrafish gives evolutionary insights into cGAS-STING
pathway [J]. The FASEB Journal, 2020, 34(6): 7786~
7809.

Yang X, Dong Y, Wang Y, et al. The antiviral role of
largemouth bass STING against iridovirus infection [J].
Fish & Shellfish Immunology, 2024(148): 109480.
Metcalfe R D, Putoczki T L, Griffin M D W. Structural
understanding of interleukin 6 family cytokine signaling
and targeted therapies: focus on interleukin 11 [J]. Fron-
tiers in Immunology, 2020(11): 1424.

Zhai W, Wang Z, Ye C, et al. IL-6 mutation attenuates
liver injury caused by Aeromonas hydrophila infection by
reducing oxidative stress in zebrafish [J]. International
Journal of Molecular Sciences, 2023, 24(24): 17215.

Wei X, Li B, Wu L, et al. Interleukin-6 gets involved in
response to bacterial infection and promotes antibody
production in Nile Tilapia (Oreochromis niloticus) [J].
Developmental & Comparative Immunology, 2018(89):
141-151.

Cai J, Fan Y, Xia H, et al. Identification and characteriza-

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

tion of CD40 from humphead snapper (Lutjanus
sanguineus) [J]. Fish & Shellfish Immunology, 2017(70):
665-672.

Fu X, Luo M, Zheng G, et al. Determination and charac-
terization of a novel birnavirus associated with massive
mortality in largemouth bass [J]. Microbiology Spectrum,
2022, 10(2): e0171621.

Ke F, Zhang Q Y. Aquatic animal viruses mediated
immune evasion in their host [J]. Fish & Shellfish
Immunology, 2019(86): 1096-1105.

dos Santos N M S, do Vale A, Reis M I R, et al. Fish and
apoptosis: molecules and pathways [J]. Current Pharma-
ceutical Design, 2008, 14(2): 148-169.

Yang J, Xu W, Wang W, et al. Largemouth bass virus
infection induced non-apoptotic cell death in MsF cells
[J]. Viruses, 2022, 14(7): 1568.

Ali N S M, Ngalimat M S, Saad M Z, et al. Expression of
immuno-transcriptome response in red hybrid Tilapia
(Oreochromis sp.) hindgut following vaccination with
feed-based bivalent vaccine [J]. Journal of Fish Diseases,
2024, 47(7): 13943.

Mokhtar D, Zaccone G, Alesci A, et al. Main compo-
nents of fish immunity: an overview of the fish immune
system [J]. Fishes, 2023, 8(2): 93.

Yang D, Liu Q, Ni C, ef al. Gene expression profiling in
live attenuated Edwardsiella tarda vaccine immunized
and challenged zebrafish: insights into the basic mecha-
nisms of protection seen in immunized fish [J]. Develop-
mental & Comparative Immunology, 2013, 40(2): 132-
141.

Zhang J, Sun L. Transcriptome analysis reveals tempera-
ture-regulated antiviral response in turbot Scophthalmus
maximus [J]. Fish & Shellfish Immunology, 2017(68):
359-367.

Zwollo P, Cole S, Bromage E, ef al. B cell heterogeneity
in the teleost kidney: evidence for a maturation gradient
from anterior to posterior kidney [J]. The Journal of
Immunology, 2005, 174(11): 6608-6616.

Liao X, Liu S, Chen S, et al. Transcriptomic analysis
reveals the role of Glycolysis pathway in Litopenaeus
vannamei during DIV1 infection [J]. Fish & Shellfish
Immunology, 2023(141): 109036.

Dong F, Sun Y L, Qian Y X, et al. Integrated analysis of
transcriptome and metabolome reveals the regulatory
mechanism of largemouth bass (Micropterus salmoides)
in response to Nocardia seriolac infection [J]. Fish &
Shellfish Immunology, 2024(145): 109322.

Wu G, Lupton J R, Turner N D, et al. Glutathione
metabolism and its implications for health [J]. The Jour-
nal of Nutrition, 2004, 134(3): 489-492.

Kerstholt M, Vrijmoeth H, Lachmandas E, et al. Role of
glutathione metabolism in host defense against Borrelia
burgdorferi infection [J]. Proceedings of the National


https://doi.org/10.1038/nmeth.3317
https://doi.org/10.1038/nmeth.3317
https://doi.org/10.1038/nmeth.3317
https://doi.org/10.21037/jtd.2017.05.34
https://doi.org/10.21037/jtd.2017.05.34
https://doi.org/10.3390/vaccines11101603
https://doi.org/10.1186/s40168-023-01716-6
https://doi.org/10.1096/fj.201902833R
https://doi.org/10.3389/fimmu.2020.01424
https://doi.org/10.3389/fimmu.2020.01424
https://doi.org/10.3390/ijms242417215
https://doi.org/10.3390/ijms242417215
https://doi.org/10.1128/spectrum.01716-21
https://doi.org/10.2174/138161208783378743
https://doi.org/10.2174/138161208783378743
https://doi.org/10.2174/138161208783378743
https://doi.org/10.3390/v14071568
https://doi.org/10.1111/jfd.13943
https://doi.org/10.3390/fishes8020093
https://doi.org/10.1093/jn/134.3.489
https://doi.org/10.1093/jn/134.3.489
https://doi.org/10.1093/jn/134.3.489

14 K E Y K 2025, 49(6): 062507

Academy of Sciences of the United States of America, promotes cGAS activation and chromatin untethering
2018, 115(10): E2320-E2328. through demethylation to enhance antitumor immunity
[52] Fang L, Hao Y, Yu H, er al. Methionine restriction [J]. Cancer Cell, 2023, 41(6): 1118-1133.

THE IMMUNEREGULATORY MECHANISMS OF AN ATTENUATED LMBYV IN
MICROPTERUS SALMOIDES BASED ON TRANSCRIPTOME ANALYSIS

CHU Xin"’, CHEN Jing', GAO Ming-Yue"’, LIN Ling-Yun', YAO Jia-Yun', SHEN Jin-Yu"”” and PAN Xiao-Yi'

(1. Agriculture Ministry Key Laboratory of Healthy Freshwater Aquaculture, Key Laboratory of Fish Health and Nutrition of
Zhejiang Province, Zhejiang Institute of Freshwater Fisheries, Huzhou 313001, China; 2. National Demonstration Center
for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306, China; 3. College
of Life Sciences, Huzhou University, Huzhou 313000, China)

Abstract: This study aimed to investigate the immunoregulatory effects and mechanisms of an attenuated LMBYV strain
(LMBV-ZIDSS-F110) developed through serial passage, which exhibited strong immunoprotective properties in
Micropterus salmoides. Immune responses were evaluated at the tissue and molecular levels following immunization by
sampling liver, spleen, and head kidney tissues at days 1, 4, 7, and 28 post-vaccination. Histopathological analysis
demonstrated the minimal tissue damage, with observable recovery by day 7 and nearly normal tissue structure by day
28, suggesting mild effects on fish tissues by the attenuated strain. Viral load assessments showed a significant reduc-
tion over time across all examined tissues, indicating effective viral clearance. To further elucidate the immune regula-
tory mechanisms, transcriptome analysis of head kidney samples was performed. Early in the immune response (days 1
and 4), 4979 and 6891 differentially expressed genes (DEGs) were predominantly enriched in innate immune pathways,
such as cytokine-cytokine receptor interaction, cytoplasmic DNA sensing, and apoptosis pathways. This early upregula-
tion of innate immunity likely facilitated a rapid antiviral response. During the mid-to-late immune phases (days 7 and
28), 1693 and 1758 DEGs were enriched in adaptive immune pathways, including T-cell receptor, B-cell receptor, Fc
epsilon RI signaling, and Th1/Th2 cell differentiation pathways, indicating a transition from innate to adaptive immu-
nity. Additionally, metabolic pathways involving cysteine and methionine metabolism and glutathione metabolism were
enriched during the early immune phase, while glycolysis/gluconeogenesis pathways were more prominent during the
mid-to-late phase. This metabolic shift may support immune cell activation and function throughout the immune
response. The reliability of RNA-Seq data was verified using RT-qPCR, which showed consistent results, further
confirming the accuracy of the data. The findings highlight the dynamic progression from innate to adaptive immunity
and the essential role of metabolic pathways in supporting immune activity.

Key words: Histopathology; RNA sequencing; Differentially expressed genes; Immune response; Largemouth bass
ranavirus



	1 材料与方法
	1.1 主要实验材料
	1.2 实验动物与病毒
	1.3 免疫及样品采集
	1.4 样品采集
	1.5 病毒载量检测及组织病理学分析
	1.6 总RNA提取、文库构建和转录组测序
	1.7 差异表达基因的筛选与功能富集分析
	1.8 实时荧光定量PCR (RT-qPCR)验证

	2 结果
	2.1 LMBV-ZJDSS-F110减毒株的病毒载量
	2.2 不同时间点组织病理学分析
	2.3 RNA测序和差异表达基因分析
	2.4 差异表达基因的功能富集分析
	2.5 免疫和代谢相关通路中基因分析
	2.6 通过RT-qPCR验证转录组数据的可靠性

	3 讨论
	3.1 减毒株LMBV-ZJDSS-F110对大口黑鲈的保护作用
	3.2 转录组分析揭示减毒株对大口黑鲈先天性免疫的影响
	3.3 转录组分析揭示减毒株对大口黑鲈适应性免疫的影响
	3.4 转录组分析揭示减毒株对大口黑鲈代谢通路的影响

	4 结论
	参考文献

