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AP I, DN SR 25 RN W 2 A fR | T R —
ML A RS St SR T R PE 0T BRI 245 ) 5L
TREME: | J2 AR i TR 14 DG B )

AT 5 LA BE L £ R A A | 3 a0 50 2 ok
SVCV, 44 2] 2105 B 22 Al qPCR | 5% 5% 21 24 Al
16S rRNA M FHEAR , R G580 15 B e 5t 15 EHi
B I IV 28 B S 0 RO DA R B S ), 9 A 8 o B 2R A
AR TR BT RE , S UR A SFAT F 0 B I 1 B
S ILEH R A W e £ LA B 5 09 BRI 40
1 MREF=E
1.1 ZWEMFEEKE

SEHG 0 R AB TR A RUBE A, SR [ E KBS
£ %% 5 0> (China zebrafish resource center) » B b
1) 5% 5 B H AR T AO R AF K 7 2 B B £ 5%
SR G AT o FRPEOG IR A o0 IR 14 h 5 S S
10 h, /K #i (2840.5) °C, pH 6.8~7.5, 47 & <<0.02
mg/L.

1.2 REYIEGEERBEMBERRE

1DSVCV #HEY #4. RHEE I K7 98 (epithelioma
papulosum cyprini, EPC) 41l it & #1785 5% , 251 N
M199 FEffi 55 35 FL AN 10 %5 B 4 1L 75 AT (35 55 %
100 U/mL, %5 % 100 pg/mL), T 28 C 5% CO, 1=
T B R AR T AR . R AN MY B EUR R R B R
B, B H AN AR G Ol . AR R AT 80 %6 B,
WCEE 20 B TR A R, 48 I SR R 3 YR 50 (4 000
r/min, 20 min) WCHE =5 40 B R U o R EE R R
1 mL/1.5 mL EP /3%, WA T —80 Ca . HL3
I3 I 9 T B VR B A R S HE R B Al AT EPC
M 96 FLAR H , HHE Reed-Muench 31550k 28 &
T TCIDs (A, LA H 22 5 22 I e 52 50 BT 5 (45
il

2) S8Ry BB A B . B FH R AT B D £ B AL
43 kot B A R 50 4, X BE AL I A AR 28 MS-222
(150 mg/L) 7K ¥4 W 1= V3 R I I, FH G TR S8 4% 42 8 2
F TR RS AR AT 20 pl JC B M199 15 5 56 2%
T A BE L)t i 5y — 8 AT R A 3RAE A
iR 5 R e 4R A B £ 3 min, f2 SE IR A4 FH
S8 BRI , B 5 B TS K T R R A T iR
I 4 A SVCV e FE OB Ol (kB 1107
PFU/mL) , 45  BR IR % B4 . Fr A3 BE b (oK & 1
WG AR KRGS . 50 ARG ) e R
TEHRRL

3) BEFN B L S ACR S o S ITEIR G5 1.4
7R 14 d RAEBE D fa s AT ZIREAR . DALY
PREFREA B T 4% Z R W p [ 2 24 h, &
o B O 7K A G 4 5 ) 43— A I AR A R A 2 3 B
FEA : JOBH 251 SR AE SR AR 20 270 T R e T
—80 ‘CIRFE. FT A EAEITEVK I 58 B, 0 PR FE A
it
1.3 HALAREFENER

B ZIREAR L 400 Z R 1 24 h ), I PBS
TRV MR R L B BE R — P R A R R AT A
3 R R HLESY) 7 JREE S pm, BN IK
WG R INERY . KRR -Fafa)s, i
H CellSens 14 & 4t #F Olympus BX53 & 55 T W
EE MK A0 R B T M 2H 2 AT 9 BRI AR A
PR MERE o PR T < BN 5 A S R
i (O~4 43 ) L B8 /IN i 58 R0 20 2K ik i 452 (0~3
43 WP b R A R A i AR (0~3 43 ) . AT A
144 CellSens Gt — b #5 , t 30 A& S 5K T
WFFE N B80S 5 T4y, AL G R AN 45 S REAR (5 L
SN e AR A e SR S [

1.4 RNAREFAqRT-PCR 43 #f

S RNA $2HUE A Trizol i85 (Invitrogen) , 4%
TG AR E RS . RNA 218 Fovfk i 3 ik
Nanodrop ND1000 535/t BE 1 R0 35 g4 S5 M HL Kk
WE . B SR & (Hifair® I, Yeasen) #5472
Bk K T 1% cDNA =W B 345 . it PCR 34T
{#i ] SYBR Green Master Mix(HieffTM, Yeasen) , JZ
AR P15 E A 95 “CHI R AE PE 5 min, BEJ5 95 “CAE 1
10 5,58 “CiB K /FEMH 30 s, 40 MGIF . AFFE S B E:
3AFAT LA B-actin NS HE N, R H L #R Coik
(272 T3 H B L I A G 3k i B 4 X a2
PN T SVCV-G 3 AR ERh T .

1.5 ERALRPRBRAEMSH

HAY) 2 s P2 R 5% 4 1liig H A H
UG, 5HSVCV-G B pEdifk 4 CEE 12h, 2
5 S AR POEE (FITOARC i 4 CREE U
45 min, 4, 6- ZKEE-2 RIS (DAPD Z YL J5 £
TR0 1% W BT AR XTI . FH Olympus BX53 %6
BB REDO IS, il CellSens B4 E4T 2 18
BUE A AT

Pt SVCV-G FFa BRI fh A Rl K27k 72
B X 7 P R A A
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1.6 EREBAEMIRE KRR S
5 pm KR Y 4 W [ ) 70 % LB AL
JHDEPC-PBS Ft 730 50k . FEATE 37 CF #4582 h
5 B 5 Cy3FRIC 1 EUB338 #4541 K HH #b T 51
(HIPEXS B) 37 CH I B K B E W Be % e L
DAPI & Y 4l i 4% 5+ B KA B Ao ffH Olym-
pus BX53 ¢ B iU R AE 98615 5, il ad CellSens
AT 2238 38 YR A S 4T o
1.7 RNA-SeqXEMEMERAHH

o3 SITE 2 IR T YL J5 4 d) R A2 30 (e
J5i 14 d) RAEFEAS TS TG TC P ERVE IS, W 3R
Jii —80 “CLRAF , B BR 5 A= 4 A W) 56 I s S 2 stk 2
J¥ TAE. 8 Trizol ¥4 BUE RNA , 28 77 2 6 I
INREA AL FE (Do) Dogy=1.8~2.0) F1 58 # P (RIN=
7.0), LA e Sl P oK . SR VAHTS Uni-
versal V6 8 i ) G i 45 B4 S M SO, AL IR
{45 : RNA BEL A BE Ak  WUE cDNA A 5 K i 18 2
J Tlumina 3% 3k 3% 4% . 78 NovaSeq 6000 il 55 3F- 5 5¢
BB F (PEL50) , 28 A% S5 4 J5 B AR AE- 354K
15 24M {5 5 i clean reads. A= ¥15 B 400K F HI-
SAT2 Xt 5% FE N4, StringTie JEA 75 st A E &
22 5 LRI 7 1B 150 118 A [log,F Cl =1 HAL TE P <<
0.05, 1T clusterProfiler 2463 %f 22 5 L K k473
B T o AL B T AR 0 AT AT 1 T S I 2B R O A
5 A DR AR
1.8 16S rRNAIF FI 53 #7

HUREBRAE R A SC“ 1.7 B, W5 B 0 52 H IR 5 A=
WA ] 5E UG 2L 16S rRNA N F TA/E ., B #
T : & I MagPure Soil DNA i 7 & $2 B il AE 9 41
DNA, £ 550366 RETH R DN BE |, St Beb B i L Uk
S T G AR T R RS P 1S 16S rRNA St
V3~VAR]AZ X, 438 77 W) 26 1 Bk 24 i A8 2 Tllu-
mina ¥ 3CPE . &l B 5 7E NovaSeq 600015 58
B, R4 250 bp A 75 o AE AT AE WA B A oA
B B 4 K A o i 0 € T (Trimmomatic ) 1
F 8 BF 4 T H (FLASH) ™ 4% 2 B ik B 2 )% 51
(Q20<<75%) . #i ¥ K ( <150 bp) K ik &
(UCHIME) . Z J& % F 97% # 1l £ R 2 OTU
(Vsearch) , & F RDP 43 2545 (LA B 0.7) B
Ffro BEVE ZREMEI T L& o ZFEME (Chaol 5 TS
$F1 Shannon 2 #E P45 410 1 B 2 #EPE (unweighted
Unifrac #5285 514 , i & PCoA AT #AL) . 22 SRR BEK
5E K I LEfSe 23 7 (LDA™>2.0) , it & H B 415 QI-

IME2 3858 521
1.9 HFPHHMHEEFERT

K H GraphPad Prism 8.0 #1745 124 43 1 A1 4L
PEATAAL X L AR B0 21 A A A H 206 i N=3,
2 2 [a] AR A 25000 23 A RRAE R PR AR T X 2 A 56, BF
A GE TR 35 R UG 56, 2 MK P 0E P<<0.05
HHEAGEEE X

e e S ZH R 16S rRNA W 7 i i K 4l | 4% 5]
NCBIEE v AT e S 410 16S rRNA %4l
() NCBI 7 81 i Bt A 44 (SRA) %5 58 573 33l o PRI
NA1256627 (https://www.ncbi.nlm. nih. gov/biopro-
ject/PRINA1256627) I PRINA1257464 (https://
www .ncbi.nlm.nih.gov/bioproject/ PRINA1257464 )

2 GHRE5HMH

21 WS &ESIFAEMSVCV BERIE

5% R FH 8 J5) 5 B e 2 57 B T £ SVCV B et
R TA) e FE R e B 5 0 R B i iR 4% k&
H P A 8 2 P AR P A TR (9 I DA RE R (&
1B) . &Y 5 3 d TR tH BB T, 4~T7 d WA T i i
W, BT Rk 60 %0 (B 1C) , 1 % B4 K H B 5+
FOEAR o 3E 2t qPCR R I 21 76 8% e 1y A 6 2 20 P g
TR EFF, TR S 4 ds B s K, Wi s
AR B WIS (B 1D) o BREBLUIN , 1 e e
B GONE s kS E SVCV I TE (A 1E) , 35 3
SVCV M ZUR A BRI L, [R] i gk e 20 8 21
UL 2] B 51 SVCV-G & A 4 F k4t (9615
XA PR A POEE S (K 1F) . x4 R EA
JKFIESE T SVCV X 8 21 21 s 42 e , 3¢ W 68 )R
TR SVCV R HE LT
22 SVCVRLEHBA[RBETHINEREEX
BEREFRIE

A 3 TR AKE - 2L Y 6 X SVCV B I A [] B
i) A5 B 2E 2 0 0 W U R AT BT A %o B2 B
£ W ) 22 (gill filament , GF ) 75 Wi 52 4% , HES1 34 5%
8/ F (gill lamella, GL) 5 i ~F-#E0R (8 2A) o 2%
Ji d~T7 d, WE I 7 240 i R B2 v AR () 2A v £
YW E o N TR AV VAN S Ny N - e
(FE2A i sk BTm ), B8N BRI AH 2K i Ak 16
(B 2A T =AILFTR) , ZIEGLE 14 d AWK E IEH
(1 2B) . qPCR 43 M 45 54 8w, B J5 2 R 1
(mfail18) HHEAAL IR T ccl20 223k i 78 Ak (8] 2C)
FWIHUARE Bl TR ZL A RAE S o [RIEE, Bivs 5 AH G
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AR AN SVCV BRLR £ & Schematic diagram of the model of local infection of gills with SVCV ; B: R F4FAE XT b Comparison of
body surface characteristics ; C: 4E 77 i1 2& Survival curve ; D~E : #8241 Z1F1 LI H %5 75 3% & Viral load in gill and spleen; F: SVCV G g5 6
&l Immunofluorescence micrograph of SVCV. GF : fii#£ Gill filaments; GL: i\ i Gill lamella. [ (1% ns F1E 5 £ R[] 3% KT (ns 7R
P>0.05, *#7R P<0.05, **F /R P<0.01, #*+£/R P<(0.001), F A, The “ns” and asterisks in the figure indicate different levels of statistical
significance (ns: P > 0.05; *: P < 0.05; **: P <C0.01; ***. P <C0.001). the same as below.

E1 SEIEERSVCVIEEME
Fig.1 Establishment of the gill localized SVCV infection model
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Fig.2 Histopathological alterations (A), pathology score(B) and immune gene expression

dynamics (C) in gill during infection
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2.3 BERMRMELERANERRKRIKIL
it — 2 HEIE SVCV IG5 5 5 1 £ i1 40 21

PE R HERAE 38 i RNA-seq BR AL 5 4 d Fl
YL 14 d SR BN SR SRkl . RO B A R
R, YR 4 d Fak s 2 X YL S 14 d Fd
HEZH (I 3A) , B 2tk B i 32 L R Sk 7 &
ARG 25 7 RIR TS RS 4 d R 3
576 22 F RN B (o B 1 296 4, T 2 280
AN TRYL S 14 d HA 1844 (K 3B) . itkah, iniA

A

3C~E FiR, i a8 3 K Omar ifna  hsp70 95 ) AER A
T-(il12.0l6) ML A T (el cexe) TEIEYL IR 4 d ik
B B TR 14 dBSA PR, X RS
HRZH AV E IR SO SR B SR B T B NS R s
RRAATSVCV AL, [FIIHERGLSS 4 d rh T4 i Ak
(hamp [yz) W R 2k , FRR R SVCV BT i 5 |
KAk & AN Y . LB qPCR 450 5 RNA-
seq M 7 &5 4, 7R 2 4180 SE A W) & (P<<0.05, &
3F) B TIE T 5% S 4 5t i e 1

A B 4dvs CK 14dvs CK
20 ; 10.0 -
200
s OCK a 15 3| . | BB Expression
g 0 @4d 5110 5.0 3 @ i Up
& S A "
] @14d T $54% @ i Down
-200 5 25 e O F7Z 4k Unchanged
0.0
-200 =100 0 100 200 0
-20 -10 0 10 20 -20 -10 0 10 20
PC1 N
>
FEH log, fold change
C D 4 F R=0.91 P=5.3¢-09
E W 4d
W 4d 15 W 4d 40 O 144
50 0O 14d O 14d
-4
gd ¥ % 10 g 30 o
3 30 = - ® = o
=35 £3 sE W =
3@ = 20 mﬂ\j = s ¥ f@q
° S WE 10 i
= 10 = w2 M
0 . (¢ ha- s 7 0
mx ifna hsp70 vipr mapk i12 i34 il6 ccl  cxcl tlr7  pkz  saa hamp lyz
B AT AL SRERHIERE A LN AL -5 0 5 10

Anti-viral related gene Inflammation related genes

&3

Anti-bacterial related gene

EAMF RNA-seq

AR RANFRESTA EREFAFREB) . ERIEXERERTN(C,D,E)MFERARIECF)

Fig.3 Gill transcriptome sequencing cluster analysis (A), differential gene expression (B), differential changes in

immune-related genes (C,D,E), and transcriptome validation (F)

24 BEEERREIERMEREESHT

JE T S AL R RE , FLR GO R KEGG & 48
Sy HT R GERNT SVCV IR YL 17 T 1 G S5 18 45 00 465
GO M iEs, Y4 d R ES RN FEFET 1
R0 25 50 B Cn e TR A A ) g4
RS AQ I NS IV R E Y/ E Su g A (]
4A) ., Sy FINREIET , MHC [l 840 454 f592 1k
TR D REAE B 4 d B 4R , 3R BL I S e
BEUPUREBAGE SN E, B4 deES
FE PR ) A B A 3 R T S N A A A
T2, RIG- | BEZAREE & g 2RSS B 55 T RE B0 , 5
AH G 28 IO 2250 DA 6 R M A 928 1] 3 o 1 i 928 e A (T
4B) . KEGG i f o3 itk — e 7n  fE g 4 d 5 25
SIS S AN A AR AR I g R A
H5 (E1AC) 5 TG 14 d J5 Wi ] T 2L PR AR 5 0 25
A= iy FE AR DG s (11 AD) o X R AR AL AE 2
A 1 2 7 P R 0 D P o e e S ol R
DU A0 - i A O 4 R 8 P 5 28 B A, S Wl i

T ik Bh A AR AR R AR AN SR AF 5 90 26 3K 1y X
25 RRERALENXIZANZE(PRR)E KR
HiE

Toll B2 f& (TLRs) 5 8 U B AH 56 73 745
K (PAMPs) W OCHEAZ AR 7045 32 - It BLAE h R #E %
CAEH . #EXF SVCV G v TLRs {55 %1
PP AL X7 S 2800 JR T b7, 25 51 (1 5A) B
TLR2,TLR3 F1 TLR4 % 3Z {4 , i 1:F MyD88 4 4t il
AR A AR 43 0% PISK-Akt . MAPK F1 NF-kB 2
AR I Tl %, DA RE S MR B A0 BR A 4y, 1F
M FIE R F (mfa il6) R T BT R L. W0
SBI/R, tlrba Rl elr50 FE 1B YL )5 4 d =ik LM, 3R
PR T3 3 5 K A0 g% 28 48 60 JEAR (I 2 4 i) &
A X PE B AR AR S 14 d Rk KR B IEH
IR AR thrba F alr56 W] g3 1 T SR HL] 2 5
PE N BN AT, TR R dfna 52 BUAE B0 28 4
Ko af3/irf7 WEIRGE G 4 d B35 LR, D [R]85 B
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Fig.4 GO enrichment (A,B) and KEGG pathway analysis of differentially expressed genes
(C,D) in zebrafish gill after SVCV infection

BB . R, 206 Al itac S5 RAER FE YL R 4 d 1Y
R IR RTE SVCV B B P AL & i f g2 20 i
SEAE, 5 A TLRS AE 40 0 ¥ 6 2 1 AR S a2 1
L TR A0 T RE S R 1 T 4k Sk 20 SRR 1 ) A
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Characteristics of response of mucosal immunity and
commensal microbiota in zebrafish gill during localized
infection with spring viremia of carp virus

HE Qiulu',HU Changbai*, WU Zhengben*, DU Jiayi*, ZHAO Xuyang®,
ZHANG Yujun®, BEI Congran®’, RUAN Guoliang', WANG Qian', YU Yongyao®

1.College of Animal Science, Yangtze University,Jingzhou 434025, China;
2.College of Fisheries , Huazhong Agricultural University, Wuhan 430070, China

Abstract A model of the localized infection with spring viremia of carp virus (SVCV) in zebrafish
(Danio rerio) was established to deeply study the mechanisms of viral disease development and the protec-
tive functions of microbial communities in fish. The viral load , pathological alterations, and expression pro-
files of immune-related genes in gill at 1 day, 4 days, 7 days and 14 days post-infection were analyzed. The
changes in the expression profiles of mucosal immune-related genes and surface microbiota in zebrafish gill
during the acute infection (4 d) and recovery phase (14 d) were further investigated based on transcriptom-
ic profiling and 16S rRNA sequencing. The results showed that the structure of gill lamellae was disrupted ,
with respiratory epithelium detachment and inflammatory cell infiltration after infection with SVCV.The ex-
pression level of antiviral genes (ifiny, mxc) and proinflammatory cytokines (mfa, il13) was significantly
upregulated during the period of acute infection. Concurrent strong inflammatory response and disordered
surface microbiota of gill was identified at 4 d, characterized by significantly increased abundance of opportu-
nistic pathogens (e.g., Pseudomonas spp.) and their translocation into underlying tissues. The body simulta-
neously initiated immune responses against viral and bacterial infections in the mucous.Both the inflammato-
ry response in gill and the structure of surface microbiota was restored after 14 days of infection.It is indicat-
ed that SVCV infection through gills can damage the structure of physical barrier in gill , disrupt the homeo-
stasis of mucosal microbiota, and lead to secondary bacterial infections. Therefore, it is necessary to strength-
en the prevention of the outbreaks of bacterial diseases in the case of viral infection.

Keywords spring viremia of carp virus (SVCV ) ; zebrafish ( Danio rerio) ; gill; mucosal immunity ;
commensal microbiota
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