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F FH mini-Tn10 %% F 3 FEfiE
25 E M3 RELZETHUHNER

= ! F2Em® F OA° pg L 120
(1. RS arabe L 2013065 2. HE K= RR2A 0 52 Be B K P2 A58 T 4R b A A SB35 7K 557 589 & Bl
BEALKE FREERESEARAR S ERLREE A S S EY e N R E S 266071)

BE KT FHE 8 H (Vibrio anguillarum)k B R AL H L H , AHF % E F 4 E F mini-Tnl0
(pLOF/Kana)# # 7 #3l# M3 REME, HHPmEkA TN ERIAAXERH, EHXLRA
T RETFEENFE—EHMAAE. t M3 RECER 1152 RE FIHATHE, KFRIIEH
REWREF 1 NS N 6G 1), BEABMEELXERTHREF 3 ANGRT N SA_1L, TB_12 fr
TE_12), VIR EM A AR TN REF I NS N TH ), UREERREN A EREFT NN RE
F3IMNCRT N SE_ 2. 6A 271 6E_12), MEEFHNMLEH - F M BT, — MR B BEMEX
F R A | Ak 3 B ) H5E(P<0.05), leuD . rseB 1 thiQ R 7% 5| AL B & ¢ B 7 4 B % W 55 (P<0.05),
potD R7F AW IR & B B v M TR 5 (P<0.05), leuO. ilvH #1 grpB W57 5] 42 W K b6 /7 WA
B R E(P<0.05), Mix XA B M RE FHATEARE, KAHEA M3 £ 6G_1 REFH ¥4
3.7 & (Lethal dose 50%, LDso)#y 2.04 f&, Z K% FH A AHAMEE, SA_11, 7B_12 1 TE_12
RATF LDso 27 A B 4 A M3 19 2.96.3.25 #1 3.36 & . 7H_1 t LDso 2 B £ A M3 #9 1.25 £%,5E 2.
6A 2 F1 6E 12t LDso 25 57 £ AL M3 #y 3.34, 4.08 1 1.84 i, X B4 T & /) M A . AHF
RER I —F EARIE L RILF R T b o,
KA #BIH; mini-Tnl0 % EF; REUE; £A; XA
hESHES S917.1 XEARIEEE A XEHRE 2095-9869(2020)05-0019-08

825N (Vibrio anguillarum)] YZAEAE T KA. X i A 5 A0 7 A ) A FR B0 7 A & (Frans
FAERRES , R ZME AR EEZ —, —%%  eral, 2011), CAIMNERKN FRFEINEER . T
O rEE bR AT B 2 At s SR BRSO E R . IR 28R I % ¥ (Norqvist er al, 1990;
(Austin et al, 2007, T IU4E, 2018), #@INEEUKEHE  Austin er al, 1995; Hirono et al, 1996; Milton ez al, 1996).
iR, 228, RNEE . AR RS -RIIWRE, 1 WESSEIRMNEZ, YWk Xz sne i skiE g
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2 = W 7 i o S I U R
(Ormonde et al, 2000), 1R 2 14 E& 1l 297 J i 1Y)
FEEEUGIN T, AT LKA AN, 6 Hm
B, AR, R A 2010 % (Naka
et al, 2011), S&NE Y 4@ & ARG A prev kAR
AR, O T A0 LG R R L B T
(Mo et al, 2010), Stewart Z£(2001)#F5F W, JL-FFr
A0 AR AT AR TR R, Sk 4 T A B A b A
BrBE, B — A AR AR BRAS o B A A O B R
X EE R L PUA R EAFIIA BT A — Wi AZ 77,
it e AR 15 5 2 8 G R 2 P (Hall-Stoodley et al,
2004; Lindell et al, 2012), — Y63 K S 5 5 68 5 B
T RN TE S BTG, A TuxR R 8% 10 ) M 1 26 1 1
AL VARSI TE L, E 0S5 0 B B R 21
JH¥%E (Croxatto et al, 2002), "] UL, #2INEEZS ., MY
HME IR A= L TR RO iS5 2R T8 1 1Y) A8 Ak 20 TR 1
FORPEA

B )8 mini-Tnl0 J&—M OB T, ©8) 12
I 22 P A0 B 3 R A D REAIF ST, W 4 58 ST
W (Anthrax bacillus) A H VR F AR R A5
(Wilson et al, 2007), F T % &% W 7 = 4 FF &
(Bacillus thuringiensis) 41l 1 2 ;= 4 i) 3& [ (Kamoun
et al, 2009). A& 3| 52 i 62 5L i 32 B AR fb () FE N,
A BF 5% 481 %% 5 ¥ mini-Tnl0 (pLOF/Kana)#t) 2t %
INTA M3 578 bR SCPE T 328 52 i 3 0 742 1 179 T ok
FAHSED, Ay itE— 25 Bk 0 6 BT 11 S50 1L 2 422 it
LRl

1 #wREFE
1.1 Etk. L &E, SIMMEFREG

BT E M3(Amp®) ARSI E A7, K E AR
FIUMRIE IR HE(TSA B TSBYIEF%, 359 56110 28°C, Hir
B 150 r/min $E RS

K W ¥ & (Escherich coli)y CC118 (pLOF/Kana,
Kana®, Amp®)Fl K % T # SM10(Kana®) iy £ 35 K 2%
ERPR-At #d Ems . & R84 K (Kana) 100 pg/mlf
LB AR H: 3 B4 37, #5902 R37°C L #rE 150
r/min# RS

B 5y (Barchydanio rerio var), K4 3~4 cm,
T ST E S iy, WA sHRT 15 L
KIEFET 1, IEFEHoK, WRE, KRN 22°C,

TCBS [H{AR; 355 (& Kana 600 pg/ml)fH T ik
WA Kana Btk py 29N E 548+

1.2 #2301 E M3 mini-Tn10 £ FEF L EHE

RASCE I FI S IR Herrero %5(1990) )7 75338
MG, HATE E.coli SM10 (pLOF/ Kana)7E LB [
THEFEZE(Amp), 50 pg/ml; Kana, 100 pg/ml]hs5F3k
H 37°CREG I RIS, 2 KT (825K 7) M3 7E TSB 55
FrRHEt 28 CREGIEFR IR . /L, WAL AT
FIZAREE, Rt RE IR 3 pe vk, JF AR, SRR
2R 1 4 ERBRIEA2T, FH 0.22 pm BT
FLUE B IRIR A W, WUH B E T TSA Ak I,
28°CHiFE 4 h )5, A 1 ml TSB K5 R vl g i 1 Y 41
B, B S50 pl ¥4 TCBS+Kana Az, 28°CHi5% 24 h,
M TCBS+Kana V- FHRHUATE VS, —80°CIRAET 96 fL
TG

1.3 REFREGN

X BN GRI e JAE - 9878 SCEEA TUKS)) L PR U 2
et 1 1 . DA BRSO B RE ) SE R BRI . AR
FHOEINEE M3 SIS SCRERARAE TSB i 3% 5%, I
TN ODsyo nn=0.5, B 2 pl HHIBAT B S AP T2
0.35%30E . & 1%MEHE 1 & 1% R TSA “FAl L,
RA® 3ANER, 28 CHERSE 24 h5, o 5lilE
S b 40 BTk BB AR (Schaber ef al, 2004) . F&HE
7 A B2 (Wilhelm et al, 2007) . BB HE= A4 7%
(Zhou et al, 2013),

o7 FH 435 58 Y 60 7k A6 I 2 725 TR R A AT i
(Lazarevic et al, 2005). HU ODsggun 4 0.5 BB 150 pl
A 96 fLtitr, DL TSBAEAZS FIXT IR, 7E 28 C i
K9 24 h, BEIRERZZ IR(PBS, ¥RJE 0.2 mol/L, pH 7.0)
Pe 5 W, AL K 1E 2 W (Bouin’s stationary liquid)
€, 37°C TEERISE 1 h, 1] PBS Z2BH DERR 25
BREY), BT 37T CEER M S TEE, AL
LY ZRIBIKIEE , I SRR 45 T, R,
D72 FAE ODsos i HYMROTGEE

14 HEFHARETFHHERERNHE

AR Lee 55(2008) Y J7 B 1 e e ¥4 A 5878 ¥
RoKcE, BARLTE. 885 M3 rpoB J& K N B D] 3L
A, EBOLE NS, neoR F&H N TR A,
P BN, W45 rpoB-for/rev .
neo-for/rev(F& 1) 1% rpoB Fl neoR F B . % rpoB
R B neoR F B, HEEEEAEARTUR, MR TR
1155 DNA #5015k, IFLUZEA R BN, rpoB-
SYBR-for/rev. neoR-SYBR-for/rev N5 ¥), HIVEFRHE
MLk, 12T R EAH(E pos M Eneor) s FHARALT
DNA Mt , #EA7AHXER PCR, #38] AC,,0s
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ACtneoR ) FH /Z—\\ﬁi+;§l‘i’§@¥Ta§/\/|\§& o
ACfneoR

o 7 i = )
(14 E,ppp) "

FCH, AC eor IV 1 neoR FLHIIY , 2275 F ¥k DNA
SRR C, SEATR B C, 20 ACp0s N
P14 rpoB FERT, RAZFHk DNA MMM C, 5E
2H TR AR Y C, 25 1H .

MR Xie 55201 1)) 77 el 2 eledt, e 3% i 1
AR, BARLEE . R )% T mini-Tnl0 1 neoR
FEP P S TR S S et BART )7 5 0L 3% 1.

=1
Tab.1

XoF i 36 HY 1Y 8 AR AR E 1T 2 K 2 7% (Genome walking)
Pih, DL 8 #RIEAE TR R IL I 4] DNA Jide, ffi ]
HR31#) neo-Rrev-0a F1 M3-1-1 #F4745 1 % PCR; H
IS 1 %8 PCR W) NG FE 50 55, (A5
¥ neoR-rev-la Fll M3-1 #4755 2 %2 PCR; HUE #1456
2 % PCR YR N MR 50 f5)5, HHNGIY
neoR-rev-bl Fl M3-1 #1745 3 ¥ PCR )i, PCR j*
W% 1% MR B vk, BN H AR, &
1.5%BA e HHEE S vk , VIS IR H 9 R B i B3k
% BIIRAREAEE ARG R A RIT, WFaR 50 A
A M3 JER (5 B AE NCBI _F AT X,

ASREFTASI

Primers used in this study

5|4 % % Primer name

5|9 7% Primer sequence (5'~3")

M3-1

M3-1-1
neoR-rev0a
neoR-revla
neoR-rev-bl
rpoB-for
rpoB-rev
rpoB-SYBR -for
rpoB-SYBR -rev
neoR-for
neoR-rev
neoR-SYBR-for
neoR-SYBR-rev

TGGGACACTCGGGATAGTGG
TGGGACACTCGGGATAGTGNNNNNGGAA
GGTCTGCGATTCCGACTCGTCCAACATCA
ACGATGGACTCCAGTCCGGCCGCCATTACGCTCGTCATCAA
ACCGTTATTCGTGATTGC
GCGTAGGTCTTGTGCGTGTTG
GGATAAGCGAAGCGGCGATTG
CGTGTTGTTGATGGTGTGGTGACTGA
GGATAAGCGAAGCGGCGATTGATACG
GGCAATCAGGTGCGACAATCTAT
CCGACTCGTCCAACATCAATACAA
ATGGCTGGCCTGTTGAACAAGTCTGG
GGTCTGCGATTCCGACTCGTCCAAC

1.5 REFHEHEN

FIFBE LS A Ry SEI B, Kl 28745+ 1 25 ) A8
b, MRIE L RL(1990) 8 5k, BN EF AR M3 K&
8 RS AR T MRAE A IR 2, JC B A BEER /KA R o B4
B A0 PR RS R 108, 107, 10° 1 10° CFU/ml, TSA
SERGITE A AR 10 B, AREMAES 10 w
I, EATWLATERICRE, (0 SRERYY 5 B L M FET 1
L, SR FH A A 2 G 323480 400 T 0 BE 2 i B i
(Lethal dose 50%, LDs)-

1.6 E\H

B 1k ol B AR | IR AR AR | B
77 AL AR R B BE T 4 ' B SR ST B4 A o 2
(Mean+SD)# 7~ , JE{liff] SPSS {4 X} ix Se 8 4 yE 47
B &R 7 2273 H1(One-way ANOVA),

2 R

2.1 #8301 HE M3 mini-Tn10 ¥ EF X EMEEMTEIE

FIAT mini Tn10 % B 14 E 685N 5 M3 195748 3C
B, f3E] 1152 BREAE T, XTRATF I Tk BRE
FIRGEEPE . IR G M . B SIE BLRE AR, & B
HEP AR M3 ML, AT 6G_1 Tk shife 1B
HBR(P<0.05)(& 1), 5A 11, 7B 12, 7E 12 W&
FA TG 1 38 25055 (P<0.05) (1 2), 7H_1 () BH R ik 1%
Pk 55 (P<0.05)( 3), 5E 2. 6A 2. 6E 12 1y
WL BURE 1 W #8055 (P<0.05) (] 4)

22 HEFHARTFHHEREENHE

VTR RE Y 8 BRI, FIHISEHS PCR AR E AR
HEMZk A ACIETE T HIETIAANEGR 2). T
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B 14l c
I Epf
86¢ B
g 5| 5 101 b b
M g st
A A
W3 @ ST
o2t m 4t
1t 2t
0 0
M3 6G_1 M3 5A_11 7B_12 7E_12
Btk Strain Bk Strain
&1 SRR M3 5 J8 1~ SO 978 Uk Bl RE A K2 BB M3 )R8 7SO AL I 28 1 T A
Fig.1 Detection of swimming ability of V. anguillarum M3 Fig.2 Detection of casein activity of V. anguillarum M3
transposon library transposon library
AN F R R A 22 7 8 5 (P<0.05), T
Data with different letters are significantly different among
different groups (P<0.05), the same as below
}ﬁ : b 030
E 1l 025}
512t £0.20f
g 10t 8
§ ¢ £0.15f
a 8 S : I a
NGl 6 0.10
4T 2 _
0 0
M3 7H 1 M3 SE 2 6A 2 6E 12
Bi#k Strain Bk Strain

3 BEYIER M3 ey~ 3% 28 R MEAG N
Fig.3 Detection of luciferase activity of V. anguillarum M3
transposon library

Fz2

P4 BETE M3 FERET ORI T R BCARE 1A

Fig4 Detection of membrane formation ability of V. anguillarum

M3 transposon library

B #9EE neoR 1A SE A rpoB R EHEK ACE

Tab.2 Amplification efficiency and AC, of target gene neoR and reference gene rpoB

EItk Strain - YR E s FIERCK Epeor ACpop AC,eor 2 JAE 54 AU Inserts number
5E 2 8.53 8.37 1
S5A 11 14.60 15.63 1
6A 2 7.85 8.06 1
6E 12 9.23 8.10 2
6G_1 T 3% 9.19 9.59 1
7B 12 10.41 10.51 1
7E 12 7.80 7.48 1
7H 1 9.22 8.94 1

LR R i A TR ARAS 1 Ve -4 AL 8, KA 2019 751
5 M3 @M FH AT T, MEEEARERNE M3
FEPRA i B BNt e ({5 B8 5,3 3)oleuD
rseB. thiQ. ilvH. grpB i T M3 Jetafk T I, 1 1k
R —BEEGAH CIE AN porD 7 T YR 1 |, Hirr,

AR — ERREAH SCIE KRR M3 (IE BIRE ST, leuD | rseB .
thiQ 0 M3 &8 AR ™25, potD 520 M3 B 8 1

LS A
w

ligr=H | leuO, ilvH K1 grpB 50 M3 BRI BEE 71 -

REFHEHEN

WURTE R BRI S R AR 4. th3& 4 1IN, 2848
T 6G_1 i LDsy M 5.439x10* CFU/E, BFPA A M3 &%
RASTHY 2.04 5, 275§ 5A_11.7B_12 FI 7E_12 Y LDs
I3RIR 3.29x10°, 3.734x10°, Fi13.734x10° CFU/E, 43

2.3
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gy
el . H""',m_
& 3000 kbp I,
y’» 3500 kbp 200kbp
thiQ § ‘;“ :
3 600 kbp '\ 3 \ %
. i i geug 200 kbp = Putative
Insert sites in V. il M3 o _ . gene
i chrl 3063587 bp 800 kbp ;g e e Kgé’i’%ﬁ"{,’;’“’” M
4 | 2200 kbp 3
1 i
Y 7
3 4
B e W9}
fg’li;lt)ative gene it i
(K5 J JBE 4 A s B TR
Fig.5 Transposon insertion sites and genes
*3 HETERAMIRER
Tab.3 Information of transposon insertion site
k7S FA HN SEIN =) U o g
Strain Phenotype Gene Gene product Predict function
SALIT SR PGS T P leuD SNSRI NG ARG R, B R TR, c-di-AMP
K-, 2T A BE
7B_12 rseB —FhEEEEN PPN SERAE, P Sigma B K75
7TE_12 thiQ TiliE ABC %4z ATP [ TbpA.ThiP 1 TPP izki RS0 —H
ZEiaEN
TH_1 U I T P e AT potD H 1 PotD & 5IEM s & Fis WA AR e
F1%) 240 J6 5 2 73
SE_2 THBIE RUAE I A leuO -SRI NG TR, B SRR R,
AW RIE B
6A_2 ilvH LR FLIR A AL AT R R 51 2- 2, B LR 1 45
6E_12 FERBFRAYG A G REA fEdt GTP W& M, MTRITAER. K
ATk | T R RN A R 1 B
grpB 2-MIESATRRIR A e E 2- Y R Sy A TR T 4 1 DAY ) 7R R 5% 31
PR TR A TE 1L
6G_1 kg SENZFRAG BRI — R KA N B AR 1 BRI IR cAMP B
IBEIR 5 cGMP)

SR EF A M3 1 2,96, 3.25 F13.36 1%, 7H_1 1Y LDs,
7 1.374x10° CFU/JE , EBF AR M3 1Y 1.25 £i%, SE_2.,
6A_2 Fll 6E_12 ) LDsy 435Ik 3.716x10°, 4.453x10°
1 2.052x10° CFU/Z , 435I B A 7 M3 # 3.34.4.08
1 1.84 %5,

3 it

AWFFEF A mini-Tnl0 % )% Ty 17885 M3
[ 578 SC A, G e A5 3) 5 1 40 B vk 31 I 1 TS e
PH S TG M . B R A BE T R A AR, dE I A

R HTHI T, BN FIRFRAIHICILH . 455
B, 1A RR R B A DG 3L R Y 248 5 | i vk sh g

AR (P<0.05), #EJIAEXTIESR, leuD . rseB. thiQ ¥
S 705 5| 1% B 1A T T 2 I 0855 (P<0.05), potD %€
705 | RS JE A P S 2 S D55 (P<0.05), leuO, ilvH
. grpB W75 5| S TR IR IE 1 E 1 W I 980 55 (P<0.05)
LI BT R T ) AR5 . FSE R, Al 1k
FEAFERIER AL . SMEE N . AMNEARE . 52
BERA I Z 55 (Weber et al, 2009; Naka et al, 2011),

O’Toole Z5(1996)F 57 & P, B84 B i T IR )5 , Tk
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x4 BIEMIEFLERARERTFHRINELEER
Tab.4 Experimental results of virulence of V. anguillarum
M3 wild type and its mutants

PR Strain FHEFL R LDso(CFU/R)

M3 1.111x10°
6G 1 5.439x10*
5A 11 3.290x10°
7B 12 3.611x10°
7E_12 3.611x10°
7H_1 1.374x10°
5E 2 3.716x10°
6A 2 4.453x10°
6E 12 2.052x10°

BIITE 0 55 1) TR AR B BB AR RS T LA A, R
fAkIZ Sl I X BB O P ) 1 — A W DA . Hao
LQRO3)IFFE R, BN rpoN FEPR B 5848 1k H
Shy LA o 3 U e o R A5 8 3 %, Bl B8 IR FE T
FIRNATERE TR, BUR IS, UESE TR
TIFEAERA A

W R TR (PDES)EL A /K ff 40 g 4 28 — A5 i (3R
B AR cAMP SRBEIR Z1F cGMP)ITIRE, F#fi
ALY cAMP BX cGMP, T2 45 1 $E 5 — 5 {1 T %
S A ARVE T (2545 2003), Fahmin 25(2017)#F5% i
/~, PDES. R RIAEEFDACS)HI c-di-AMP &
R R R A BABE R (c-di-AMP), PDES 1 DACS
PHEATT c-di-AMP (95275, PDES A& n] T80
2% T H 1 40 T 1) 0 B O A A L T A R A
c-di-AMP KRR | A I AETG % TR c-di-AMP
FEAS TR 40 TR A 9 EA AN R VR R, mT DA s i) A A i
R AL . 7 1IN FRYFRIE | 18 s MERAR 8 (Corrigan
et al, 2013), {H L5 41 1 2 AUR1EE 7 R BLAG] 6 AN
45 (Pham et al, 2016; Corrigan et al, 2013), A#F5EH,
TR IR, (829K 1 4> PDES K&, A
A BB MR T 40 P 4 A RE B A R A W RO B, T
FEA R I SR S, EAR RS BL A T i —
L7 ST

leuD Hitidh SN LSRR TEAGEG, # -5
RIREI N B-FNIEERIR, Ry R A L A
& (Kohlhaw et al, 2003), gsdS Zalid 57 P4 Fe3E w2 i &
fitg, HA N-FEHE-L- 5 22 20 P R (AHL) % A il 75 1
(Ma et al, 2018), AHL I 4 T % FE JE 1V 22 42(QS)
WY, JHEE LYY i (Parsek et al, 2000) . & H B G
P (Waters et al, 2005)% . ZEGL a1k |, gsdS i T leuD
N lewO Z 8], HULHEM, leuD BYHE A JIE ]2 00
T qsdS WIIRE, M2 E2TTE QS MIhRE, fiHE M

fitg 16 L RIS B RE ) 2 B R

rseB i —MAMERER, SNE#ERB
RseA 44, AT N B F K fif 5 26 1 W 1 (Kim
et al, 2010); thiQ ZtEilk#E ABC ¥%iz ATP 45/
F, S 540 BE AR, 1235 PG S A U 40
BAKMRE A R, B A0 B 0 AR g, A A
YA BT T B . A 20 S A R RE IR
(Huang et al, 2014), potD wis—FjEKEH, 25
5 Wz RS B (9 %5 32 (Shah et al, 2008), A, X6k
PR Ay i 2 R e e 850 ST 22 b AR 1 s 1l
J1. BB RE S TR, (IR AR A0 75 1 X e
PRI X6 2 1A Tt T 11 5 i L 1 A 7 B A

ilvH it CEEFLIR & 1, ik 2-ZWEFLIR M &
W, 25 ZRMRIEH(Zhao et al, 2013); grpB Ywtd
2-H R BT TR 2N , A IF 2-F L AT R R M i 1k
R R R BRI MR B OB R, 25 )R A R
(Hubstenberger et al, 2015), Ui ilvH #1 grpB 5 ATP
AR, B, X 2 2 5 R0 R A Y 5L [E]
22 52 e 588 S)ICTRT TR PR )T B, e A DT TR R 3 ) 52 i AL
il o B

M2, AW T SO, S 8 A 58
N3N . MIAME BTG PE . TR A OGS
T2 A B4R A AR T e g | BRIV , (i A54
AN RS 2 205 . R, 5 WA BEE
SR AR . FE DA RN SE B R A e AT 5 R I AR A 5
F, TEUCIEA 58 3 R A ) e S AR AL
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Construction of A mini-Tn10 Transposon Library to Identify Genes
Associated with Several Phenotypes of Vibrio aguillarum M3
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Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071)

Abstract The phenotypic characteristics of Vibrio anguillarum are related to the pathogenicity of the
bacteria, such as swimming motion, ability of membrane formation, and extracellular protease production.
To identify the genes affecting phenotypic changes in V. anguillarum, this study used transposon
mini-Tn10 (pLOF/Kana) to construct a library of V. anguillarum M3 mutant strains and to screen the
strains and related genes that affect phenotypic changes. It is proved that there is a certain correlation
between mutants causing these phenotypic changes and the virulence. Mutations of 1152 strains of M3
mutant library were screened, and mutant strains with significant changes in swimming ability (strain
6G_1), casein enzyme activity (strains SA_11, 7B_12, and 7E_12), gelatin enzyme activity (strain 7H_1),
and biofilm formation ability (strains SE 2, 6A 2, and 6E_12) were noted. Further analysis revealed that
a phosphodiesterase-related gene mutation caused increased swimming capacity (P<0.05), leuD, rseB, and
thiQ mutations caused a significant decrease in caseinase activity (P<0.05), and potD mutations caused a
significant decrease in gelatinase activity (P<0.05). Moreover, mutations in leuO, ilvH and grpB resulted
in a significant decrease in the ability to form bacterial membranes (P<0.05). Moreover, we observed a
virulent infection in these mutant strains, which showed that LDs, of wild type M3 was 2.04 times higher
than that of 6G_1 and the virulence was relatively increased. Additionally, SA 11, 7B 12, and 7E 12
LDs, were 2.96 times, 3.25 times, and 3.36 times higher than that of wild-type M3, respectively. The LDs,
with the strain 7H_1 was 1.25 times higher than that of wild M3, and the LDsy with the strains SE 2,
6A 2, and 6E 12 were 3.34, 4.08, and 1.84 times higher than that of wild M3, respectively. These results
lay a foundation for further study on the pathogenic mechanism of V. anguillarum.
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