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Tab.1 Strains and primers in this study

L EIL FAU NAHSAFAE g
Strains and primers Phenotypes and correlative characters Usage
SbK Strains B Ampr+ LEiSh ]
ARseB Ampr+ HEATH
RseB-up—F AAGGAAAAAAGCGGCCGCGACGGCATTTCAATCAAGT(B] A Notl Bt {7 1) PCR Bi1F
uroc1-F AGTTGGATGGGGAGAGGTGA qRT-PCR
uroc1-R ACCCCGTTAGAGACATCCCA qRT-PCR
G6pc—F GCTGGAGTCTTGTCAGGCATT qRT-PCR
G6pc—R AATCCAAGCGCGAAACCAAA qRT-PCR
cyplal-F AAAGGCCACACAGAAGGGAC qRT-PCR
cyplal-R TCGGGATGTTTAGCAAGCAG qRT-PCR
Aheyl2-F AGCCATGAACGTCAACGACTC qRT-PCR
Ahcyl2-R CCCACCTCTCCATATCCACAC qRT-PCR
MAPT-F GGAGCCAGAGAACCAAACAGA qRT-PCR
29 Primers MAPT-R GAGTGGATAGAGGAAAGCCGA qRT-PCR
Vegfaa—F GGGCAGTCGCTTGGAAGAGAA qRT-PCR
Vegfaa—R GAGAGACAGACAGGGGTGGGG qRT-PCR
NCOAT-F CCAGCAGAGGAGAAAAGGAA qRT-PCR
NCOAT-R GTCAGGCTCAGAGCCAGACT qRT-PCR
Itga6-F TGGGCTTTCTGGGTCTTTGC qRT-PCR
Itga6-R CCCCCTGTGGATTATCGTGG qRT-PCR
ITGA2-F CTGCAGGGGGAGAAGGAGATG qRT-PCR
ITGA2-R GGGCGGAGTCAGGGAGAACAC qRT-PCR
ANPEP-F CCTTCATCATTGCCTCCATCC qRT-PCR
ANPEP-R CTTCGCTCAGCCACATCTCCT qRT-PCR
B-actin—F CAACTGGGATGACATGGAGAAG qRT-PCR
B-actin—R TTGGCTTTGGGGTTCAGG qRT-PCR

1.2 REINEFHILRELD,NE

VEH 3 A IR A B4t 157 3 b FRAL
23 9 LL1.0x10°, 1.0x107, 1.0x10°, 1.0x10°, 1.0x
10*, 1.0x10° cfu/mL A4 5 28 41 B 0847 18 I 7
5o BP A ARseB 7 i NI £5 W B AR FE 10 2
VA FERAKAERT IR . GE3T 7 d N 4% A B4 1) 48t
FETAF O, I A A LRI 7d N
50% B AL (LDy,)
1.3 REINEERETH TR

B3 AN AL ERA I s A B A TR AR B A 5.0%
10° cfu/mL, B 4= B ARseB Sy 2H 4% 30 |2, i AE #
ERIKAVEXT IR . WSS I A B ) o 1 O, 10
FF27 do BEALZE BRI 55 4.8.12.24 48,72
F1120 h (8 8% , FH G B 85 7 SR S AT IE L BELAE i
T HE LSk B R IR LR O IR I L B I
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FH PBS B i, UEAT R AR BT
100 pg/mL 2 E 5 % 0 TCBS *EAH b BEHLkE 300
N 7%, UL RseB-up-F il RseB-down-R i |2 F
W51 W #E1T PCR %528 |, 43 & I 1A B AT 46
T
1.4 FEFREBALY R

FENE B T S I T M R 955 0.4 .8 .12,
24 F148 /N, BEFLHR BE L 5 FH T ), AR B B
FIERLH 2, 22 [ K GBS T HilfE A
WET R, IR YL 5 R Gk . S Y
i 18 08 2H 2 AT R B S BER K, 70% . 75%
80% F190% Z. 45 RbFH 45 min; 2 YK 100% 2. BE 4
A 30 min; e G OIS “H IR 111
151) 375 W) iz 308 0 65 2H 40 5 min 3 2 YR P 2R A Ak B
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1 min""",
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1.5 RNARBEHZANF

R AL 12 h 5 Y AL 85k S B AL RS 3
RNater(Phygene , &) {47 , (- T-20 C. i
JH Trizol I 7 & (Invitrogen , CA, USA) ML "B rp
FEBUE RNA , i F NanoPhotometer®43 Y6 G 1T
£l L RNA (92552 5 ] Qubit2.00® Fluorometer |
i RNA ¥ J& ; ffl Jil Agilent2100 (Agilent
Technologies, Santa Clara, CA, USA) £ RNA f)
5¢ % P . i H Ribo-zero™ rRNA Removal Kit
(Epicentre, Madison, WI, USA) ZBRAZ A RNA
(rRNA) , B mRNA, K5, # i 7 A Oligo(dT)
[ G 2R & A2 2 A polyA J& L B A% mRNA J5 , H
A AL mRNA ST W LU BeAL i mRNA S
R, BEHLSEAZ TR R 51 ), 7 M-MulLV 3% % 53¢ il
R ZR A B cDNA 55 —45%% , Fifi J5 FH RNaseH [ f#
RNA %% , JF 7 DNA polymerase | . NS |
dNTPs JJy J5UBHG i e DNA 55 5585 . alifb )5 iy XL
5 cDNA 283 AR 52 i A R B 4k
JH AMPure XP beads i i 200 bp Z£ 47 ) ¢cDNA , #f
T PCR ¥ 18 31 15 ¥k {di FH AMPure XP beads %k
PCR =), Fe &35 A% SCPE , 78 TlluminaHiSeq™ 4000
F-5 I, 1 Gene Denovo Biotechnology 28 &l ()M,

D ST
1.6 ERREBEFEBIEMINEES

N T R IE R S AL R4 R BEPLE SR 6 1 25
SRIBHEERA (log, (FC) 1 > 1) FEAT 520 5E 23
5 S R A BB SR (qRT-PCR) 437 o i i 5 5%
S 40 RSt YR 9 RNA B2 s 55 4R 45 A0 L 1
¢DNA ., B-actin £ mRNA BN S ILHd ], $
R 295 CHIAEYE 3 min, 95 “CAEMES s ,60 °C
RK30 s, 40 MEIR . RS H 5, X PCR ™
YR AT I it T AT, D6 IR B 7 ) ) R
PEo B 3 ANFES B RE S E E R 3K
BT sk Dy 25 8 17 KEGG VI RE & 48 7
Mr, Horp P<0.05 A1 IA N KEGG # 25 F 36 B 3% &
£,

2 45

2.1 RseBTREARNNA SN E BRIEERIBIILEE

JH RseB ikt 5% 175 3 9K B8 ARseB F11HY A= B Bk
WT XJ A6 i F A7 3 IR gy, a2 v, P AR T
¥k F ARseB £ LDy, 73 %1 47 2.013%10° F1 5.526x10°
cfu/mL, 5572 B ARAH G, ARseB 2 B bk LD, 42
2 27545 RV BOERE ST NI T 63.6%.

R2 RseB GRIEENEF 4 iR 5 B B R FE BRI LD,
Tab.2 The LD, of L. maculatus after the infection of ARseB and wild strains of V. alginolyticus respectively

SRR SER LB ER

AR

KL e ez
‘“é’c i Infection concentration/ Total number of Number of dead Mﬂ??foy i%%??;&g
roup (cfu/mL) seabass/FE seabass/ & ortaiyre sofcrum
1.00x10% 10 10 100
1.00x107 10 8 80
191 1.00x10° 10 6 60
WPAE bR 2.013x10°
wT 1.00x10° 10 5 50
1.00x10* 10 2 20
1.00x10° 10 1 10
1.00x10% 10 10 100
1.00x107 10 6 60
RseB 2k 1.00x10° 10 5 50 S
5.526x10°
ARseB 1.00x10° 10 4 40
1.00x10* 10 2 20
1.00x10° 10 2 20
s HE 2
X‘T,m,ﬂ 0 10 1 10
Control group
2.2 RseBHRAFMBBMAELGENNEAE 7o, IREE s & 1, WE b Rz 38 7K i 55 21
4 G SRR OB S IE S i
TR BN 2 5 AR R R i 22 LSS I 57 S P BN S Rl =
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PCR %55 , i S R BF A AR AR SR YL I 24 b, ZEAE B
81 3 AR RE A U B/ S AFAE , ARseB K DA PR ISR
Y24 h 5 ANAEAE BRSNS o il 7 L ] £
FEA, AE 8 B Rz JEk g T R IR 4T A 0 21 3
HAE 48 Wil BTt K3 in (B 1) . B

FEAEAGEE i T R R R 2], 7B 72 F
120 h 5 U A o XF HEEF A Bk, ARseB Bt 2K B ik
FEAS A ZUR ARG I 3 ) SR B B0 /b, o B e T R
AR S o ARseB il 2R TR R 55 BF AR MRS REAS 1Y
PP 2 57 (P<0.05), LA 1,

fi; 15 000 fi; 10 000 -~ BT Liver
} } 8 000 - Hﬁ Spleen
ks 5 -+ ¥ Kidney
=~ 10 000 | e
= H3 600 ~ B Eye
= = .
:h%!ﬁ § g g 4000} - B\Z] Intestines
o 00 : - i Heart
o - 2 000 & M Skin
e =
N = & - , &l Muscle
0 50 100 150 0 50 100 150 = fi Brain
JEYuRt ] Challenge time/h YAt E Challenge time/h -~ fR Eye

(a) FEEINE B AEMRERS S AR e EEE
Vibrio counts of wild strains in
various tissues of sea bass

[=)]
(=1
(=]
(=]

4 000

2 000

MEHE
Vibrio counts/(cfu/mL)
MR
Vibrio counts/(cfu/mL)

i3 ] Rk
Intestine Gill Skin
(c) 72 h FEHHLINE S
Vibrio counts in the tissues
of sea bass in 72 h

MR 57 AR 225 .35 (P<0. 05)

15 000

10 000

5 000 |

(b) ¥EINEH RseB SRRMAEIES B AR N EEHE

Vibrio counts of RseB deletion strains

in various tissues of sea bass

i8S i BBk
Intestine Gill Skin
(d) 120 h FEHALMINEH

Vibrio counts in the tissues
of sea bass in 120 h

“*” at the top of the bar chart indicate extremely significant difference (P<0. 05).
E1 AENEERSENEEERE

Fig.1 Colonization ability of V. alginolyticus in L. maculatus

2.3  RseB fRKBEAR A 55N E X £ 8 7 18 Fn &f i
Hif5

A8 37 2] e o R I, o 5 4 32 B
B, ILPR 2 BRI 2 R )2 DA B B2 43 5, 6
JZ M98 &R A DL S L PR 2 %) 0 B s 3
b WELA 8. 12,24 F148 hik 51> [H] & 1955 L
VIR, & BRBE 2 2% e i [ 1 22 | i 3 4 4 A
ANWTINEE FLA N B ., Z A2 ) 9RE  Rz A LA
TR JZ ) 40 25 AR B I, A 3 1 454 5
VR ALY E IR . AT TP A B KR, ARseB B
PR IER 11 16 7 i 1 A2 10 P e (UMD o

Vs e I TR JER L S A ' 0 2 2 5 R A [ A
R TR, YL 4 h S SR ST g
SEAE B8 22 RN HES B 55 AR R AT, 2ok
AR =E 5 40 P SR A A 8Ny S i 2 R B ] 1
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FE, A0 HES A T, 680N A S5 4 1% i i, HL
/N B A S & A B I 85 A 25 R A R, BB N R
Wi, SEAN R o B e B Y 25 4 e e P
B EREIR . AT T B BT AR T AR, ARseB
TR AR BRI 119 16t 88 2 20 A7 1R P e (TR o
2.4 RseB & FNEE 3R BIME B LN RE
M iz 48 =X

BRI TP AR S ARseB B9 A MRACBRAH
B, G532 R RBREEE2), L
1 443 /> 4 35 b A9 8 PR 3 869 A ik 25 T
() 3 R T e A S I B R 3 236 4, Horp
I T 12240 W3 DR R L A 1144 8 3%
TR e SE N . FEALPREE 6 1~ 25 7 Rk 5
38 o ST SO B W E , & B S R S AL
RNA-seq (Y FER 1k 45 B S R (F 2) .
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1-5. 4.8.12.24 .48 h FFEHAIE (WTAL) , 3 6 XBUR BB T2 208 (MF) 5 6-10. 48,1224 48 hiGTEHAIH (ARseBHL) , LL X
BURFZE OB AT )E(LP) 5 11-15. 4.8.12.24 .48 h (L HTHEAIZL(WT 4L) , 8/ Fr (BL) , 88/8 F TR IR (Cr) |, #57F (Uplift)
16-20. 4.8.12.24.48 h I LGB (ARseBAL) R AE BT AL (MRC) L B8/ 5 (BL) , /N THCRBHRAR (Co) | 2ok 0 = 5 20 ik ke
(Ms), ¥44: (Hp), a7+ (Uplift) .

1-5. The intestinal tract of L. maculatus at 4, 8, 12, 24 and 48 h (WT group) , the yellow area is the submucosa, intestinal villus(MF) ; 6—

10. The intestinal tract of L. maculatus at 4, 8, 12, 24 and 48 h(ARseB group) , the red area is the mucosa, intestinal villus lamina propria
(LP); 11-15. The gill of L. maculatus at 4, 8, 12, 24 and 48 h(WT group) , gill lamellae (BL) , rod—shaped top of gill lamellae (Ct) , Uplift
(Uplift) 5 16-20. The gill of L. maculatus at 4, 8, 12, 24 and 48 h(ARseB group) , mitochondrial-rich cells (MRC) , gill lamellae (BL),
rod-shaped top of gill lamellae(Ct), mitochondrial-rich cell swelling (Ms), hyperplasia (Hp), Uplift (Uplift).

B EEhAEINE AR NS 7 E el A N BN

Plate Structure of intestine and gill of L. maculatus at different time point after the infection of V. alginolyticus

J T B RIEAEH T RseB 3R B 590
PR 1) G B M 7, X6 B A2 R AN ARse B B R 21 5
oA OG0 22 5 L 64T T KEGG M) fig & 45 4%
BT, G RPER G 25 e IR B R i 2 s AR 2 127 4
{5 Tl s, Horp— SRR B L R A jun inf .agrp
& HEF] Th1 1 Th2 41 i 43 £k . B 20 il 37 (R {5 5
% T 40 6 32 AR5 5 38 A1 NOD-like A2 14 f5 553
% A6 R A G 5 R T 4 R T A G 1) 3
A AR T PI3K-Akt 7553 % | FoxO {5 538 %
I JAK-STAT {5 53 B 55 , QN ctsl inf est beld
VAL pik3rl gadd45a L 5 3w AL B 5 RAEAH
KM NF-kappa B{5 5B H nfkb1 FIE(K2),

9N o 2 7K 7 5 B R R e R R e Y

W E 2 — Ho R 5 R IR R H
B MK 3R B Pl LR 2 RARE A —
B O T ¥ o ST B 0 BIL R e B (E R
I BURPLE] 4R S8 i . EARRTTE T,
3 90 ) P 8 9 ER BB A R D RseB R 2K TR PR U2
e AL f5, Xof AN [ I B A9 JEFJUE L IAEE RSl
S0 B2 B UEA) G R0 HR I 2R AT T AR T
BELRE 1 P AS DL KO i G A AT AR R
B 5 75 98 I A BT A R RN RseB Bl 2% B B X 46 7
AL ZURY A5 05 F2 FZ 5 (W) i 328 HCET A= A R RseB
R T BRI 12 b Y AE Bk IR A RE O
S FF , RIT T AL 6505 7 8 I ReeB Bk %
BRI R SR 51 RS 1) B 5 TR IV, SRR RseB it K R
A Sy AE S5 375 36 S BT D0 T T B2 ARG AT RE
{6598
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NOD-1like receptor signaling pathway
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Differently expressed immunology genes WT vs ARseB

NF-kappa B signaling pathway
JAK-STAT signaling pathway

B cell receptor signaing pathway
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PI3K-Akt signaling pathway

T cell receptor signaing pathway

Thl and Th2 cell differentiation
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T 0 5 B B
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0 5 10 15
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(b) WT vs ARseB HHIREERKEGCE £
KEGG pathway enrichment analysis results
for WI' vs ARseB immune-related genes

== RT-qPCR
-15} =3 RNA-seq

~log; (FC)

N (V] N
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& @

q)

S L
> &
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(d) WT vs ARseB tHFIRNA-seqiRiE 45 R

RNA-seq verification results of WT vs ARseB

2 REINEFEREKN AR eBEKBELLG L EEREERSWN
Fig.2 Comparative transcriptome analysis of head kidney of L. maculatus after challenge with wild and
ARseB strains of V. alginolyticus

20 T A0 R A B AN Y A — 2 e 2 S
KRB G W o AR 73998 I Al A= ) 1) 6 JBE R LA
AT ST P 44 < RS O H A SR
Bt R 2 BRIK AR WA R o3 e DA AN [6] Y
PREE M B — 2 sigmak A 3005 £
IS I P I 7 26 SRR AR )1 A R 5 v A R AT
BRI 05 P R E0E i R
1ZE " RseB 2 5 3P sigmak [R5 14 188 4 24
H . RseB O 85 IEBH 5 41 B 19 75 0 A 5%, i 4n 2]
DT RseB s % Bk AE /N B P 3030 & B R ) 9
ggtols A 4 [C I RseB B AL A rpok B9\ 1
P18 PRI R T 400 2 1 3 i v 29 R AT 1t 3% 12 , O
HAE R 9 R R B L 3 55 2 R
P T 2 18 3 7 A T 7 ) S G A A
Jf AR AR R 5 v B R AT e 1 AR SR M RN T
FERYT B AR 11 (OMPs ) 3 #8488 T RseB
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B sigmak A2 U 0 BEIS b, R A s N B
RseB 5 K AT DA REARHAE A A0 S8 )N o 7R 5
PRz, FAT o0 5 A2 BOPE e B A Y AR Bk RN
RseB {5 G R HEA T IR 5200, X PN S 2H v Y
A6 B BT TR SR R RE 0, T B R
0, BRI A LS I A TR R ik 5t 97 N
JUENE 55 o i R I BRI SE I B 48, X A
— B L UL T RseB SR B AR 0T LAS | AL
DVERIER N o AH FCBFERR , RseB MUBR IR 1Y LDy,
e 22 2.75 1% HOE B ARE 1 T R B AR E 2L |
PIAN S50 2 ARG AN ) 25 5, X 1T BB —
FE R 0] LU BE A RseB St TR AR 1 26 4 y3g
HA LEEG Y ERIERGHH . fERATE
FHE 1T, RseB BRI W] fig HGE B —E mY/EH]
IR A JE 1 485 51 S /R 78 120 h PN 1 4L 174 S I 4k 34
TS AI WHLY 8555k E , I 92 5
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Y1) T s A 5 R B A B 22 5 L AR
1M AR ZH ZY) 25 5K T, RseB 2% A MR XTI 41
ZUR R B B TR A bR . £ A DA RAS Rk
F , RseB Bl TRAR XS A6 75 1) 2 BOE IR JEE LD A X
P A BR AR T, L X A8 6 608 4 20 %) 358 45 1 S ik
55 , 22 W ) B ks

o BE Z2 46 0T LU ke W DA AR D 1
RS MERRAE , LLUJS 3l 56 R s R g 1k S e >
AHFENE RseB il B e 2% 15 B TR T S5 ) 48 B 4
PIRE 51 SR B A Bl ) SBR[ ) 2 BE 7
S HIY R S . Sk BRI R
G RE R B2, s B ICRR B A R LA L RseB 1R B
PRI R A6 85 5, % 12 h A8 48 5 3k B 4 4Lk AT
Bl STELELIN P, - XoF 07 4 1 2k 5 6 8 A 5 110 35 PR
15T IBEE 50 MT, & PR RseB &R ol 4 75 35 9 B
ST AL BT, TR S 40 M TR OB cosl L inf
est beld Z5FE P 0k 5 B 2 T U DL 2D 40 i 9
T2 pik3rl VA gadd45a R R 2350 3% A
A2 3E 20 M BT 48 16 5 DNA 8 55 272805 3 8 5 ]
i M R GE A T W T PIBK-Akt {5 538 #
FoxO {5 53 1 F1 JAK-STAT %515 53 % 4 2 40
M T [, jun  inf | agrp 55 V8 8 R I 0 92 LA
Qe A i A i 1) i PR 35 4R 31 Th 1 Th2 40 il
S3AK B A AZ A 3 T AN AZ R A 3
1 NOD-like 37 (A {5 55 1 [ %5 38 #% b, R HLAK
Gog JE 23 A, NF-kappa B {55 53 [ H )
nfkb1 K& R G 8 L R SNE 1 & A ik sk
B 9% HE DR 2 3K 1 19 48 Ak LA Rl i e 00 T 5 B
T VR Y AL B RseB RN 5 B S 7E— E FEE
B

25 LTI | RseB R V75 i I TR IR G A8 5 1) fi
77, EFE E TR ) AR B RS I
YA P — B R R AN B Sk b e
RseB SR BN — E FE B AR T B AR LA
TR 7 2 A0 0577 A R S 1k S g8 I N Y RE T, 1
B RseB B TR R A SR A6 R 51 A 36 7= A4 B B 1
SR G BT A T 5 R 327 A e RN o
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RseB deletion affects the ability of Vibrio alginolyticus to infect Lateolabrax
maculatus

ZHOU Jiayu"?, JIANG Wei'?, WANG Yuguo'?, CHEN Xiaohui’, LUO Tuyan®*, BAO Baolong"*

(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean
University, Shanghai 201306, China; 2. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China; 3. Fujian Minwell Industrial Co. , Lid, Fuding 355200, Fujian,
China; 4. Institute of Quality Standards and Testing Technology for Agro-Products, Fujian Academy of Agricultural Sciences,
Fuzhou 350003, Fujian, China)

Abstract: In order to study the effect of RseB gene deletion on the ability of Vibrio alginolyticus to infect the
Lateolabrax maculatus, the LDy,, colonization ability and immune response of the L. maculatus after infection
were evaluated. The results showed that the LDy, of V. alginolyticus was 2. 013x10° c¢fu/mL, and the LD, of
V. alginolyticus with RseB-deletion was 5.526x10° cfu/mL, and the virulence of RseB-deletion V.
alginolyticus decreased by 63.6%. V. alginolyticus mainly colonized in the gill, intestine and skin of L.
maculatus. Compared with V. alginolyticus, the degree of intestinal vacuolization and the damage of gill
tissue were lower in L. maculatus after challenged with the RseB-deletion V. alginolyticus. Transcriptome
sequencing was performed on the head kidney tissues of L. maculatus challenged by wild-type and RseB-
deletion V. alginolyticus, respectively. A total of 236 immune-related differentially expressed genes were
found, including 122 significantly up-regulated immune genes and 114 significantly down-regulated immune
genes. Most of these genes were significantly enriched in specific immune pathways such as Th1 and Th2 cell
differentiation, B cell receptor signaling pathway, T cell receptor signaling pathway, and some genes were
significantly enriched in apoptosis-related pathways and inflammation-related NF-kappa B signaling
pathway. In summary, the results show that RseB-deletion V. alginolyticus can cause immune response of
host cells and reduce virulence.

Key words: Vibrio alginolyticus; Lateolabrax maculatus; RseB; pathogenicity; immune response
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